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SELECTION GUIDE

TELECOM SELECTION GUIDE

SWITCHING AND TRANSMISSION PRODUCTS

DEVICE SUPPLY
DESCRIPTION NUMBER PROCESS PACKAGE VOLTAGE PAGE
HDB3/AMI — Line Interface TCM2202 NMOS 28-Pin J 5V 2-29
HDB3/AMI — Encoder/Decoder TCM2222 NMOS 16-Pin J 5V 2-29
Line Interface TCM2203 Bipolar 28-Pin J 5V 2-45
CODECS, FILTERS, COMBOS
DEVICE SUPPLY
DESCRIPTION NUMBER PROCESS PACKAGE VOLTAGE PAGE
PCM Codec — p-Law TCM2909 NMOS 22-Pin J 12V, +5V 2-55
PCM Codec — p-Law TCM2910A NMOS 24-Pin J 12V, £5V 2-55
PCM Line Filter TCM2912B NMOS 16-Pin J ) +5V 2-75
PCM Line Filter TCM2912C NMOS 16-Pin J +5V 2-75
Synchronous TCM2913 NMOS 20-Pin J +5V 2-89
Synchronous/Asynchronous TCM2914 NMOS 24-Pin J 5V 2-89
28-Pin FN
p-lLaw TCM2916 NMOS 16-Pin J +5V 2-89
A-Law TCM2917 NMOS 16-Pin J +5V 2-89
Synchronous TCM29C13 CMOS 20-Pin J +*5V 2-111
Synchronous/Asynchronous TCM29C14 CMOS 24-Pin J +5V 2-111
28-Pin FN
p-Law TCM29C16 CMOS 16-Pin J +5V 2-111
A-Law TCM29C17 CMOS 16-Pin J +5V 2-111
FSK MODEMS
DESCRIPTION DEVICE PROCESS PACKAGE SUPPLY PAGE
NUMBER VOLTAGE
BELL 202/CCITT V.23 TCM3101 CMOS 16-Pin J 5V 2-133
BELL 202/CCITT V.23 TCM3105 CMOS.16-Pin J 5V 2-143
BELL 103 Modem TMS99532A NMOS 18-Pin N 12V, x5V 2-221
SUBSCRIBER LINE CONTROL CIRCUITS (SLCC)
DEVICE SUPPLY
DESCRIPTION NUMBER PROCESS PACKAGE VOLTAGE PAGE
Standard TCM4204A CMOS 24-Pin J +5V 2-155
External Ground Start TCM4205A CMOS 28-Pin J +5V 2-155
Flux Canceling TCM4207A CMOS 24-Pin J +5V 2-155
Quad DC-DC Converter TCM4208 CMOS 20-Pin J +5V 2-175
Quad Telephone Relay Driver DS3680 Bipolar 14-Pin D 5V, -60V 2-3
14-Pin N 5V, -60V
14-Pin J 5V, -60V
Octal Asynchronous Receiver/ TCM78808 NMOS 68-Pin FN, 5 v 2-193
Transmitter HA, HB
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SELECTION GUIDE

SUBSCRIBER PRODUCTS

DEVICE SUPPLY

DESCRIPTION NUMBER PROCESS PACKAGE v VOLTAGE PAGE
Ringer — 2 kHz Output TCM1501A BIDFET 8-Pin P 40-150 Vac 2-7
Ringer — 0.5 kHz Output TCM1506A BIDFET 8-Pin P 40-150 Vac 2-7
Ringer — 1.250 kHz Output TCM1512A BIDFET 8-Pin P 40-150 Vac 2-7
Ringer — 2 kHz Output TCM1531 BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 2 kHz Output TCM1531A BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 1.250 kHz Output TCM15632 BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 1.250 kHz Output TCM1532A BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 0.5 kHz Output TCM1536 BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 0.5 kHz Output TCM1536A BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 1.8 kHz Output TCM1539 BIDFET 8-Pin P 40-150 Vac 2-21
Ringer — 1.8 kHz Output TCM1539A BIDFET 8-Pin P 40-150 Vac 2-7
Ring Detector-TTL/MOS Output TCM1520A BIDFET 8-Pin P 40-150 Vac 15
DTMF Encoder— Standard TCM5087 CMOS 16--:.. N 3.5_ S 211
DTMF Encoder—Electronic Input TCM5089 CMOS 16 Pin i¥ 3.0 - v 2187
Tone/Pulse Dialer TMS99531 NMOS 14-Pin N 5V.. 2V 2219 |
Transient Voltage Suppressor TISP108A Bipolar T0-220 58V | 2201
Transient Voltage Suppressor TISP218A Bipolar TO-220 120V 2-207
Transient Voltage Suppressor TISP229A Bipolar TO-220 200 V 2.211
Transient Voltage Suppressor TISP318A Bipolar TO-220 120V 2-215
Optocoupler TIL181 Bipolar 6-Pin CP-7 12V 2-197
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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. ) g
AMI _ -]
Alternate Mark Inversion. A pseudoternary signal converting binary digits, in which successive ‘‘marks’’ E
are normally of alternate positive and negative polarity but equal in amplitude and in which ‘’space’’ is (=)
of zero amplitude. "E
Address ©
o
The number dialed by a calling party that identifies the party called. Also a location or destination in a dc’
computer program. o
&)
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.
i
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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

UOIJBWIOL| [RI9UDK) =

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
l,."? (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.

Texas “«" ;
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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.

General Information =

Note: Examples of input code formats are straight binary, two's complement, and binary-coded decimal.
Data

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

Telecommunications term for a modem.
Decibel (dB)

A unit of measure of relative power, 10 log (P1/P2), or voltage, 20 log (V1/V2), in terms of the ratio of

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).

i
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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.

o
—
=
m

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

uoijew.ou] [elauan) H

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 electromaghetic 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-Shift Keying. A method of transmitting digital information that utilizes two tones; one
representing a high level, the other a low level.

TeExas Q’
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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
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.

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.

General Information =
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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.

H

) Muitiplexer
g) A device for accomplishing simultaneous transmission of two or more signals over a common transmission
= medium.’ ’
@
-
Q  Off-Hook
5‘ The condition that indicates the active state of a telephone circuit. The opposite condition is On-Hook.
-y
9 paBx
; Private Automated Branch Exchange. Small local automatic telephone office serving extensions in a business
=3 complex providing access to the public network.
(]
3 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.

1-12 TeExas *@
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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 voice 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 LSl 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.

Sby S

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

Texas ‘t'?‘
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GLOSSARY

Subscriber Loop

See Local Loop.

Supervision 7
The function of monitoring and controlliné 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

uonBWIOJU| |RIBUDD) =

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.

1-14 | TeExas ¢
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Arad

ATTENTION

These devices contain circuits to protect the inputs and outputs
against damage due to high static voltages or electrostatic fields,
however, it is advised that precautions be taken to avoid application
of any voltage higher than maximum-rated voltages to these high-
impedance circuits.

Unused inputs must always be connected to an appropriate Ioglc
voltage level, preferably either Vcc or ground.



DS3680

QUAD TELEPHONE RELAY DRIVER

D2758, MARCH 1986

Built-In Output Clamp Diode

Direct Replacement for National DS3680
and Fairchild rA3680

description

AMPL #4 IN- ]

® Designed for —52-V Battery Operation

® 50-mA Output Current Capability

® Input Compatible with TTL and CMOS AMPL #1 {
® High Common-Mode Input Voltage Range AMPL #2{
® Very Low Input Current

® Fail-Safe Disconnect Feature AMPL #3 {
[ ]

[ ]

D, J OR N PACKAGE

(TOP VIEW)
N+ [ Un1a
IN- 2
IN-[]3
IN+[Js 1
IN+ s
IN- s 9

7 8

BAT GND

13[] OUTPUT AMPL #1
12[] OUTPUT AMPL #2
[] OUTPUT AMPL #3
10[] OUTPUT AMPL #4
[] BAT NEG

[JIN+ AMPL #4

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)

schematic diagram (each driver)

BATTERY GROUND IN+ 15 KD . BAT GND
NONINVERTING 3
INPUT IN+ +
OUTPUT -
INVERTING _ IN
INPUT IN— A
BATTERY NEGATIVE y ]
y Y 3 )
< OouTPUT
1‘ BAT NEG

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 parameters.

*p
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DS3680 |
QUAD TELEPHONE RELAY DRIVER

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

Supply voltage range at BAT NEG, VB— ... ... . i -70Vto 0.5V

Input voltage with respect to BAT GND . . ... ... . ... . ... ..., ... =70Vto20V

Input voltage with respect to BAT NEG . ........ ... ... .. . . ... -0.5Vto70V

Differential input voltage, VIp (see Note 2) . ....... ... ... . . ..., +20V

Output current: resistive load. . . . . ... ... e -100 mA

inductive load . . . ... ... .. e —-50 mA

Inductive output 10ad . . . . ... e e ... BH
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 3):

D package . . . . oo 900 mW

JPackage . . . . 1025 mW

N package. . . .. R F 1650 mwW

Operating free-air temperature range . .. .. .. ... ...ttt iuinn .. —25°C to 85°C

Storage temperature range . . . . ... ..o vttt it e —65°C to 150°C

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package............. 300°C

N package ............ 260°C

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

1
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

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

recommended operating conditions

MIN MAX | UNIT
Supply voltage, Vg — . -10 -60 \Y%
Input voltage, either input . —-207 20 Vv
High-level differential input voltage, V|pH : 2 20 \
Low-level differential input voltage, V|pL ~207 0.8 \4
Operating free-air temperature, Ta -25 85 °C

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
Vp=2V 40 100
i1 High-level input current (into IN +) 1D A
Vip=7V 375 1000
Vip =04V 0.01 5
! Low-level i into IN + A
IL ow-level input current (into ) Vip = —7V T —7100 o
VQ(on) On-state output voltage lp = 50 mA, Vip =2V -1.6 -21 \
Vip = 08V -2 -100
| Off-state output current Vo = Vg- A
Ofoff) s 0 B Inputs open - =2 -100 s
IR Clamp diode reverse current Vo =0 2 100 pA
o = 50 mA 0.9 1.2
\ \
oK  Output clamp voltage o = 50 mA, Va_ =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

TAll typical values are at Tp = 25°C.
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DS3680

QUAD TELEPHONE RELAY DRIVER
switching characteristics VB- = =52V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ton Turn-on time Vip = 3-V pulse, RL = 1kQ, 1 10 us
toff Turn-off time L=1H, See Figure 1 1 10 s

PARAMETER MEASUREMENT INFORMATION

BAT GND
h —

Vi
LOAD

-52V

FIGURE 1. GENERALIZED TEST CIRCUIT, EACH DRIVER

BAT GND
INPUT +
OUTPUT
- 1k§2
BAT NEG 1H
-52V
TEST CIRCUIT

|
| |
[ ton & toff
| |
| 1 — — =" VO(on)
OUTPUT _25V |Z _25V 5‘
~ 52V

VOLTAGE WAVEFORMS
FIGURE 2. SWITCHING CHARACTERISTICS, EACH DRIVER

{ip
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DS3680

QUAD TELEPHONE RELAY DRIVER

TYPICAL APPLICATION DATA

52V BATTERY
i
SN74XX £+
[ . | (9) DS3680
| 1 1) BAT NEG P
| i ): | (2) :xi} AMPL #1
4
| | 3) | \y_§ AVPL #2 ouT #1
1o ™ e
! ! :s: IN=
1
IN+ (12)
| D 1 ) IN_} AMPL #4 ouT #2
L_——4
CONTROL =
SIGNAL
1
SOURCE ouT #3 (11)
OUT #4
BAT GND

Fe
-

|0 ?

A
»H

NINININ

K1THRU K4
50-V RELAY COILS — 50 mA MAX

Jim)

FIGURE 3. RELAY DRIVER
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

D2763, SEPTEMBER 1983—REVISED MARCH 1986

® Electronic Replacement for Electromechanical P DUAL-IN-LINE PACKAGE
Telephone Bell When Used with Transducer (TOP VIEW)

. aAc INpUT [Tt U s[J Ac INPUT

* g:;s;g':‘;i:" Me:; ‘:l'irz’:::tds FCC Part 68 orIVER OUTPUT ]2 7] common
ger Heq nc[s e[ cFILTER

Low-Cost External Component Requirements Rosc (4 5[] INTERNAL

ZENER BYPASS
Low External Component Count
NC—No internal connection

High Standby Input Impedance . . . 1 MQ Typ
Low Ringer Equivalency Number . .. < 1 Typ

Single-Ended High-Voltage Output Compatible
with Piezo Transducer or Transformer-

Coupled Speaker
IONE LINE,
® 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

TYPICAL CHARACTERISTICS
TELEPHONE TONE RINGER DRIVER FAMILY

VY

))))

® On-Chip Circuitry Provides Ring Rejection of
Rotary Dial Transients, Lightning, and
Induced High-Voltage Transients

® Improved Direct Replacements for TCM1501, NOMINAL WARBLE NOMINAL
TCM1506, and TCM1512 PART NO. ouTPUT ratio | WARBLE
CENTER FREQ.
FREQUENCY (Hz) | 'HL (Hz)
TCM1501A 2000 8.7 7.8
TCM1506A 500 5:4. 7.8
TCM1512A 1250 8.7 9.8

-

ircui

description

The TCM1501A, TCM1506A, and TCM1512A are monolithic integrated circuit telephone tone ringer drivers
that, when coupled with an appropriate transducer, replace the electromechanical bell. These devices are
designed, using BIDFET T 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
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
and 5) varies from 30 kilohms to 8 kilohms over the Class B ring signal, and is reasonably independent
of the output load.

‘% \ 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.

current as of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production processing does not

TEXAS
necessarily include testing of all parameters. lNSTRUMENTS
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

description (continued)

When used with the proper external circuitry (see Figures 4 and 5), these devices feature lightning and
transient protection circuitry designed to withstand lightning strikes of 1.5 kilovolts for up to
200 microseconds duration. In addition, internal circuitry will reject dial pulses from parallel telephones
so that false ringing (tapping) will not occur.

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

functional block diagram

(Gl WARBLE RATE av
Rosc — OSCILLATOR piviber | ] [~] REGULATOR
[ 3
v *
2
| FREQUENCY | | ouTPuT
DIVIDERS

}

0V
REGULATOR < :
> I(G)
4 4 . COMPARATOR L—‘ CFILTER
65V ' 2008 SWITCH
(1) [V 20 N S,
AC INPUT A
TRANSIENT VREF
Ac input 8 SENSOR
6.8V 3 KQ
W (5) INTERNAL
—Dt- ZENER BYPASS
COMMON
absolute maximum ratings
Continuous peak-to-peak input voltage, pin 1 to pin 8 (see Note 1)..................... 65V
Continuous dc input voltage at pin 6 . .. ... ... ... . ... .. .. 65 V
Continuous output current, 1Q, @t Pin 2 .. ... ..o e 12 mA
Continuous output current, pin 5and pin 6 ................. .. ... ....... e 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 . . . . ... ... im ittt e, —-40°C to 85°C
Storage temperature range . .. ... ..ot ot ittt e —40°C to 125°C

NOTES: 1. For applications requiring = 45 Vrms, an external resistor and capacitor are required to prevent damage to the device (see
Note 3). Tip and ring may be connected interchangeably to either pin 1 or pin 8.
2. For operation above 25 °C free-air temperature, derate linearly at the rate of 8 mW/°C.

{ip
EXAS
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

recommended operating conditions

MIN MAX UNIT
RMS input voltage, V| (f = 15.3 Hz to 68 Hz) (see Note 3) 40 150 \"
TCM1501A 1700 2500
Output frequency i TCM1506A 425 575 | Hz
(MIN applies to fi, MAX applies to fy) TCM1512A 1062 1438
Operating free-air temperature, TA -20 70 °C

NOTE 3: Input voltage is applied to pins 1 and 8 through a series 2.2 k2 + 10% resistor and a 0.47 uF +10% capacitor (see Figures 4 and 5).

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

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Ringing start threshold voltage Pin 5 open, R = 4 kQ 19 28 \%
o Pin 5 open, R_ = 4 kQ,
Ringing start threshold rms voltage 40 \
f = 15.3 Hz
Ringing stop threshold voltage Pin 5 open, R = 4 kQ 7 11 \%
Vi =3V, f = 20kHz 0.1 1 MQ
Standby input impedance Vi =3V, f = 20kHz
10 kQ
(see Note 5)
Vi =40V, R = 4 kQ, 25
Impedance when ringing f = 15.3 Hz kQ
V; = 130 V, R = 4 k@ 22
X Pin 2 open, V| = 40 V 1.1
Operating current - mA
Pin 2 open, V| = 55 V 4
Low level input current Vi =5V 20 nA
SCR tri it All pi ,
: ngge.r voltage pins open 65 75 100 N
(pin 1 to pin 8) I = 125 mA (see Note 4)
SCR trigger current All pins open,
-r trager eurr pins op 55 90 110 | mA
(pin 1 to pin 8) V| = 100 V (see Note 4)
SCR input hold current (see Note 4) 100 nA

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

,' .
TeExas ‘b
INSTRUMENTS
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

$3IN2J19) SUONBIIUNWIWOD9|d | N

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

noted), see Figure 2

output section

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
VI=17V,lgp = 2mA, 6
See Note 6
V) =65V, lg = 5mA, 36 40
. See Note 6 .

Output voltage, pin 2 \
Vi=40V, f = 16 Hz,
o = 2mA 8
Vi =150V, f = 16.3 Hz, 92 20
lo = 2mA,

Output voltage, pin 6 Vi =150V, 100 v

(see Note 7) f = 15.3 to 68 Hz

i V| =65V,Vg =36V,

High-level output current See Note 6 -5 =10 mA
Vi=65V,Vg =5V,

Low-level output current See Note 6 5 6 mA

on-chip oscillator.

oscillator section

NOTES: 6. Devices must be forced to the required output state by taking pin 4 to 10 V and toggling to O V as required. This stops the

7. Normal device operation requires that a capacitor be connected from pin 6 to common (pin 7). A 10 uF capacitor is recom-
mended 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.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Output tone frequency TCM1501A 2142/1874
High tone frequency/Low tone frequency See Note 8 TCM1506A 562/450 Hz
B TCM1512A 1339/1172
TCM1501A 7.41 7.8 8.3
Warble frequency See Note 8 TCM1506A 7.41 7.8 8.3 Hz
) TCM1512A 9.3 9.8 10.4
Temperature coefficient of frequency Ta = —20°C to 70°C +0.05 %]/°C

circuit and be surrounded by the ground plane.

TABLE |. STANDARD RESISTOR VALUES

(See Note 8)

NOTE 8: Normal device operation requires that a resistor (+ 1%) be connected from pin 4 to common (pin 7). Texas Instruments separates
the devices during final test to match one of the resistor values listed in Table 1 below. Each device is then symbolized, as shown
in Figure 1, with the appropriate recommended resistor value of Rogc required to guarantee specified output frequencies. For
oscillator stability, it is recommended that Rogc be located on the printed-circuit board as close as possible to pin 4 of the integrated

2-10

DEVICE NO. RESISTOR VALUES (k)
TCM1501A 130 140 150 158 165
TCM1506A 130 140 150 158 165
TCM1512A 130 140 150 158 165
{ip
EXAS
INSTRUMENTS
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

X X X | ¢4—Rosc VALUE IN kQ

FIGURE 1. TELEPHONE TONE RINGER DRIVER SYMBOLIZATION

PARAMETER MEASUREMENT INFORMATION

0.47 uF

(1)} Ac (2)
—1—~w—| OuUTPUT TEST POINT
2.2kQ INPUT

Vi

AC RETURN —NC

Rosc
C FILTER
Rosc /j?' ;J

10 uF

FIGURE 2. TEST CIRCUIT

N

ircui

TYPICAL CHARACTERISTICS

10k
N
=
[ 4k
§ ~TCM1501A
2 okl Tcmisi2a N AN
g
b NON
® N \
g 1k
S
< AN7/HAY
5 TCM1506A7 T
] 400 RECOMMENDED
o ‘\ OPERATING
|> AREA
S 200
100

10 20 40 70100 200 400 700 1000
Rosc—Oscillator Resistor—k$2

FIGURE 3. OSCILLATOR RESISTOR vs OUTPUT AVERAGE FREQUENCY

Telecommunications C

{i’
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

22k
glac - outeur

TELEPHONE Vi 0.47 uF
LINE @

B ] AC INPUT

8N ¢ FiLTER

10 uF, 4
1wo0v T @
Rosc
COMMON
Rosc 7]

TYPICAL APPLICATIONS

0.1 uF

(2) I

4000:8 2

i

FIGURE 4. TELEPHONE APPLICATION —SPEAKER DRIVE

SHN24ID) SUONEBOIUNWWOI3|d | M

(2)

2.2kQ (1)
-—1—%—1&— Aour  OUTPUT
TELEPHONE 0.47 uF
Vi g
LINE ) @)
AC INPUT
) ¢ riLter
10 pF, 1;
100 V (a)
Rosc
COMMON
Rosc @)

PIEZO
TRANSDUCER

]

i

FIGURE 5. TELEPHONE APPLICATION—PIEZO DRIVE

2.2k (] ac (2)
Eineur  OUTPUT
1ov3|[§aoy  O47HF = | Piezo
®) TRANSDUCER
AC INPUT (6 T
(RESET) C FILTER
AN10uF 6kQ
4 (7
@ Rosc COMMON ) e
Roscg NC
NC
NC—Normally Closed

FIGURE 6. ALARM SYSTEM CONFIGURATION

{ip
Texas
INSTRUMENTS
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TCM1501A, TCM1506A, TCM1512A
TELEPHONE TONE RINGER DRIVERS

10 uF 750 k2
100 v
! TN
71 2.2kQ
l +5V
) 7 6 5
o—
A8
120 v TCM15XXA Li'\ ¥ TiLas
60 Hz
Ot 1
6.8 k2 1 2 3 4 I
L [ ]
|
$33kQ =
= PIEZO |
~ TRANSDUCER 1
|
| S |
OPEN-COLLECTOR
TTLORSTTL
FIGURE 7. NONTELEPHONE APPLICATION
2.2k “ 2
H ﬁ“CPUT oureut f2
TELEPHONE |/ 0.47 uF
LINE PIEZO
S @)
B ac inpUT S=\] TRANSDUCER
1N4002 ©
l ¢ C FILTER
L 3uF
~
100V
4
L T @] rosc
+20%
100 v COMMON
Rosc (7)

FIGURE 8. TELEPHONE APPLICATION —PIEZO DRIVE FAST RING SIGNAL CUTOFF

Texas {? 2-13
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TCM1520A
RING DETECTOR

D2860, OCTOBER 1984

® On-Chip 150-V Bridge Diode Configuration P DUAL-IN-LINE PACKAGE
. (TOP VIEW)
© Reliable BIDFETt Technology O
i AC INPUT []? 8[] AC INPUT
°
High Standby Impedance . . . 1 MQ Typ INVERTING OUTPUT []2 7[] common
@ Efficient High-Voltage Operation coMMON []3 6[] C FILTER
- 4 5| ] BELL TAPPING SENSE
® Output Compatible with TTL. NMOS, and 5-V OUTPUT [] N
CMOS
@ Built-In 5-V Series Regulator TCM1520A APPLICATION
® Built-in Lightning and Transient Protection PHONE LINE
. 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 modificd form of the Texas Instruments

BIDFET! technology to combine low-voltage I TCM1520A l
CMOS and high-voltage bipolar input/output

circuitry. It features efficient high-voltage (40
volts to 150 volts) operation with a maximum

ts X0

ELECTRONIC TELEPHONE

of 1 milliampere of current drain. —

OR ACCESSORY =
During standby, the input impedance is TTL [$)
approximately 1 megohm or greater, which will NMOS .=
prevent any interference with parallel ““off-hook”’ Mlcnog’:ggesson

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 volts. When the voitage across
Pins 1 and 8 exceeds 17 volts the internal switch is closed, which bypasses the §.8-volt 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 kilohms to 7 kilohms over the
ring signal of 40 volts at 16 hertz to 150 volts at 68 hertz 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 volts at 16 hertz to 150 volts at 68 hertz. The TCM1520A generates & 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.

Telecommunications C

The TCM1520A incorporates lightning and transient protection that is designed to suppress lightning strikes
of 1.5-kilovolt amplitude and 200-microsecond 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.

iBIDFET — 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

spec;ﬁcs(ions per llae tderms of Texas Insléuments TE 2.15
standard warranty. Production processing does not -
necessarily inclug testing of all parameters. lNSTRUMENTS
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TCM1520A
RING DETECTOR

functional block diagram

e e o e e e
i RING SIGNAL | HIGH INPUT IMPEDANCE/ |
AC INPUT VOLTAGE INPUT | ANTL-TAPPING SECTION |
| SECTION I I
! * 1 I
@l = ] {S) BELL TAPPING
AC INPUT i SENSE
F TRANSIENT _: :
| PROTECTION A
| SECTION 45V =
! I
| CURRENT !
1 SENSOR |
1
|
1 [ | VREFw_t
|
! © C FILTER
- | 1__ $—LCcr
| - REGULATED |
| VOLTAGE i
| OUTPUT SECTION i
: 5.VOLT ————————,—-—-“4) 5V OUTPUT
SERIES
|l REGULATOR :
18kQ
| |
l .
| |(2) INVERTING
| | outeut
! *» o I
41
(3) 7

COMMON COMMON

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

Continuous supply voltage at pin 6 (see Note 1) .. ...... ... ... . ... .o, 40 V
Continuous differential input voltage, VIp (Pins 1 and 8) .............. ... ... ........ 40 v
Continuous output current, 10 ... .. oottt 12 mA
Continuous SCR on-state input current (see Note 2) .. ......... ... ..., 200 mA
SCR on-state input current, lj(on) (duration <200 ps) (see Note 2) .................. 900 mA
Continuous total dissipation at (or below) 25°C free-air temperature: (see Note 3)

P Package ... ... ... .. 1000 mW
Operating free-air temperature range . .. ........ ..ttt —20°C to 70°C
Storage temMperature range . . .. .. ... iii it —40°C to 125°C

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, refer to the Dissipation Derating Table.

DISSIPATION DERATING TABLE

POWER RATING ABOVE
PACKAGE PE N 0
RATING FACTOR TA

P 1w 8 mW/°C 25°C

2-16 Texas {?

INSTRUMENTS
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TCM1520A
RING DETECTOR

recommended operating conditions

MIN NOM MAX | UNIT
High-level input voitage, V|y 40 \
Low-level input voltage, Vi 5 \
Operating free-air temperature, Tp 0 70| °C

electrical characteristics at 25 °C operating free-air temperature, RL = open, C(fitr) = 10 uF (unless
otherwise noted)

detector section

PARAMETER TEST CONDITIONS ' MIN  TYP MAX | UNIT
V(BRICEX Collector-emitter Vi < 5V ) | 5 A 45 v
i< rms), =
output breakdown voltage, Pin 2 ! o K
VoL Low-level output voltage, Pin 2 Vi = 25V (rms), lp = 1.6 mA 1 \
Vra Positive-going 17 25 v
threshold voltage
Negative-goil
v gative-going " v
threshold voltage
Vhys Hysteresis (VT4 — V1) 6 Vv
Z|(off) Standby input impedance Vi =3V, f < 20 kHz 0.1 5 MQ
z Impedance when ringin Vid = 40V, f=16H 30 ka
i w ringi
ring s oing Vig = 130V, T =20 Hz 20 ka
li{on) On-state input current, SCR¥ See Note 4 55 110 mA
li(hold) Input holding current, SCR See Note 4 100 Py
Vo Output voltage, Pin 4 Vi =40V to 160V, RL = 10 kQ 4.5 5 55 \
Shunt voltage I = 10 mA 40 50 \

switching characteristics at 25 °C operating free-air temperature, f = 20 Hz (unless othewise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
ton Turn-on time Vi =40V 100 ms
. Vi =40V 1756
t(off) Turn-off time V=60V 50V 300 ms

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.

tThis is the input current required to turn on the SCR.

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

-
TExas b 2:17
INSTRUMENTS
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TCM1520A

RING DETECTOR

PARAMETER MEASUREMENT INFORMATION

0.47 uF,

350 V

40V TO 150V
(rms)

(1}
Efz.z kQ
Vip

TCM1520A
AcC 5V REG |4}
UTPUT
INPUT  OUTPUT °
10k
(8)] AC (2)
INPUT  OUTPUT
N riter
COMMON

(3)

(7)

L

FIGURE 1. SWITCHING TEST CIRCUIT

TYPICAL CHARACTERISTICS

Vs

CAPACITOR VOLTAGE (PIN 6)

DC INPUT VOLTAGE (PINS 1 AND 8)

S1NJJID) SUONEIIUNWIWOId | E

18 I
Ta=25°C

15 -
>
I 12
$
5 COMPARATOR
S o SWITCH FIRES
8 \
3 6.8-V ZENER DIODE /
2 6 [~STARTS TO CONDUCT —-
Q /

3 / /

0

8 10 12 14 16 18

V| — DC Input Voltage — V

FIGURE 2

20

Vo — Output Voltage — V-

OUTPUT VOLTAGE (PIN 4)

Vs

CAPACITOR VOLTAGE (PIN 6)

10

6 1
Ta=25C
5 //
. //
3
2 4
/ COMPARATOR
1 / SWITCH FIRES ——
0 > >
4 5 6 7 8 9
Capacitor Voltage — V
FIGURE 3

Texas
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TCM1520A
RING DETECTOR

TYPICAL APPLICATION DATA

TCM1520A
R1=22k TiL1g
L PX 5V REG |4)
Vi INPUT OUTPUT
40V TO 150V, ViD 3 TO ISOLATED
16 Hz TO 68 Hz 8] Ac OuTPUT
INPUT
C1=0.47 uF
©N e FiLTeR
c2=10uF, | COMMON $R2=22ka
sov T
[

FIGURE 4. ISOLATED CONFIGURATION

TCM1520A
R1=22ka [ 5V REG |4 VEe
o [(4)
Vi INPUT OuTPUT 2
40V TO 150V, 10 kS
/ 8)] AC (2)
16 Hz TO 68 Hz ( @8) ac oUTPUT ouTRUT *
C1=0.47 uF h~d
6 -
O ¢ FiLTER o
C2=10 uF COMMON —
50V
B
hd

FIGURE 5. NONISOLATED CONFIGURATION

NOTE: See Table 1 for component functions.

TABLE 1. COMPONENT FUNCTIONS

Telecommunications C

COMPONENT FUNCTION
R1 Limits current into SCR during high voltage transients and aids in dial pulse rejection.
R2 Limits current into light-emitting diode.
¢ Blocks dc battery voltage in standby and aids in filtering dial pulses. Smaller values of C1
improve tapping immunity.
Cc2 Stores energy from the ring signal to power the 5-V regulator.
OPTOCOUPLER Provides ground and transient isolation between the host system and the telephone line.

{i’
Texas
INSTRUMENTS
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ADVANCE TCM1531, TCM1532, TCM1536, TCM1539
INFORMATION TCM1531A, TCM1532A, TCM1536A, TCM1539A
TELEPHONE TONE RINGER DRIVERS

D2940, MARCH 1986

® Electronic Repiacement 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[JCOMMON

ANTITAPPING IN[]3 6|]C FILTER

Low Ringer Equivalency Number . . . < 1 Typ TCM1539. Internal Zener Bypass for A-suffix versions.

® Low-Cost External Component Requirements oscrMa s [JANTITAPPING OUT/
® Low External Component Count INTERNAL ZENER

. BYPASST
® High Standby Input Impedance . . . 1 MQ Typ
. T Antitapping Output for TCM1531, TCM1532, TCM1536, and
°

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

))))

s IS

® On-Chip Circuitry Provides Ring 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 WARBLE Q
External Components Provides Enhanced PART NO. CENTER RATIO FREQ. =
Rejection of Dial Pulses FREQUENCY (H)| THTL) (Ha) o
® TCM1531A, TCM1532A, and TCM1536A TCM1531, 2000 8.7 78 2
are Improved Direct Replacements for TCM1531A Q
TCM1501A, TCM1512A, and TCM1506A, TCM1532, 1250 a:7 a8 ®
Respectively Igm :zéA k3]
TCM1536A 500 54 78 §
Temsss, 2000 5:4 31.2 E
L TCM1539A E
description °
The TCM1531, TCM1532, TCM1536, TCM1539, TCM1531A, TCM1532A, TCM1536A, and TCM1539A g
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 (f|) 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

‘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.

Copyright © 1986, Texas Instruments Incorporated
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
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 TCM1 ;531A, TCM1532A, TCM1536A and TCM1539A 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

(4) WARBLE RATE 40 v
OSCR OSCILLATOR DNIDER — RecuLaTOR
I 3
Y 9
(2)
| FREQUENCY l ouTPUT
DIVIDERS
0V )
REGULATOR <
% COMPARATOR r‘ C FILTER
s SWITCH
o * 65 v 20003 | T N\ ______
AC INPUT
1A VREF
ac wput & TZ@:?'S: T (3) ANTITAPPING
15 ke INPUT

l 6.8V 8k

& | A 33k

: 7 common
6.8V (5)
1< ANTITAPPING OUT?
3
Pt %) |\ TERNAL ZENER BYPASST

T Antitapping output for TCM1531, TCM1532, TCM1536, and TCM1539. Internal Zener Bypass for A-suffix versions.
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
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 . . . . ... ... . 55 V
Negative dc voltage, any pin. .. ... ... -1.2V
Continuous output current, 10, at pin 2 ... ... ... .. L 12 mA
Continuous output current, pin 5 and pin 6. ... ... ... ... ... 30 mA
Continuous SCR on-state input current, pin 1Ttopin 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 . ... ......... ...ttt
Storage teMpPerature FaNge . . .. . ... ..ewuut ittt

NOTES: 1. For applications requiring = 38 Vrms, an external resistor and capacitor are required to prevent damage to the device (see

Note 3). Tip and ring may be connected interchangeably to either pin 1 or pin 8.
2. For operation above 25 °C free-air temperature, derate linearly at the rate of 8 mW/°C.

recommended operating conditions

—40°C to 85°C
-40°C to 125°C

MIN MAX UNIT
RMS input voltage, V| (f = 15.3 Hz to 68 Hz) (see Note 3) 40 150 \4
Resistor between OSCR and COMMON, Rgsc 120 180 kQ
Operating free-air temperature, Tp -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 uF + 10% capacitor (see

Figures 4, 5, and 6).

electrical characteristics at 25 °C free-air temperature, RL = open, C(fitr) = 10 gF, f = 20 Hz (unless

otherwise noted), see Figure 2

detector section

PARAMETER TEST CONDITIONS MIN TYP MAX |[UNIT
Ringing start threshold voltage Pin 5 open, RL = 4 kQ 19 28 \%
Ringing start threshold rms voltage Pin 5 opan, AL =4k, 40 \Y
f =153 Hz
Ringing stop threshold voltage Pin 5 open, R = 4k 7 11 \Y
Ringing start threshold voltage Antitapping thyristor activated 40 \Y
Pin 3 voltage required to activate
antitapping thyristor ! v
Pm-3 input f:urrer)t 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=153Hz kQ
Vi =130V, RL = 4 k@ 22
Operating current Pin 2 open, V.= 40V 1.3 mA
Low-level input current V=5V 20 uA
S(?R tngge.r voltage All pins open, 50 60 100 v
(pin 1 to pin 8) I} = 125 mA (see Note 4)
S(?R tngger current All pins open, 55 80 110 mA
{pin 1 to pin 8) Vi = 100 V (see Note 4)
SCR input hold current (see Note 4) 10 mA

NOTES: 4. These parameters are measured using pulse techniques (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.

N

ircuits

Telecommunications C

i
Texas {P
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

2-23



TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
TELEPHONE TONE RINGER DRIVERS

electrical characteristics at 25 °C free-air temperature, C(fitr) = 10 pF, f =

noted), see Figure 2

output section

20 Hz (unless otherwise

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V=17V, o = 2mA, See Note 6 10
Output voltage, pin 2 V| =50V, lo = 5 mA, See Note 6 44 v
Vi =40V, lo = 2 mA, f =16 Hz 8
Vi = 160 V, o = 2 mA, f = 15.3 Hz 40
Output voltage, pin 6 (See Note 7) Vi = 150V, f = 15.3 to 68 Hz 55 \
High-level output current V| =50V, VoH = 43 V. -15 mA
Low-level output current V) =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, TCM1531A 1983/1736 2133/1867 2283/1998

S;’;: ‘i:):;";et:::z:fv fose = 15040 + 19 | LCM1632 TCMITB32A | 12301085 1333/1167 142771249 |

Low tone frequency TCM1536, TCM1536A 516/414  555.5/445.5 595/477
TCM1539, TCM1539A 2066/1653 2222/1778 2378/1903
TCM1531, TCM1531A 7.8

Warble frequency Rosc = 150 k@ + 1% TCM1532, TCM1532A 98 Hz
TCM1536, TCM1536A 7.8
TCM1539, TCM1539A 31.2

Temperature coefficient Tp = -20°C to 70°C +0.05 %/°C

of frequency

S}IN241D) SUOIEIIUNWIWO9|d | M
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
TELEPHONE TONE RINGER DRIVERS

PARAMETER MEASUREMENT INFORMATION

0.47 uF
I/ 1] ac (2)
P C INPUT OUTPUT
Vi Vi AL
i 8) AC RETURN E—— NC
(3) s1
@) NC
OSCR
C FILTER ©
‘)
o 7 T,
COMMON T
® :
FIGURE 1. TEST CIRCUIT
TYPICAL CHARACTERISTICS
10k X T T S B
1T T 1 T 17117
1 R B
& TCM1531, TCM1531A,
Loak Y&t TCM1539, TCM1539A
S
g 2 N D>,
- N
[Ny
® \\
g 1k N S
3 <
H 2.
H 400 RECOMMENDED TCM1532, |
5 OPERATING TCM1532A
T AREA | |1
2 200 TCM1536, T
- TCM1536A
100 LI
10 20 40 70100 200 400 700 1000

FIGURE 2. OSCILLATOR RESISTOR vs OUTPUT AVERAGE FREQUENCY

Rosc — Oscillator Resistor —k{
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
TELEPHONE TONE RINGER DRIVERS

$1IN2.419) SUONEDIUNWILWOIIS | M

LINE

180 ¢ FiLter
10 ,;F,_[

100V

>
Rosc 2: %)

. 2.2 k0 (1] ac
( INPUT
TELEPHONE } ] 0.47 4F
1

TYPICAL APPLICATIONS

8 AC INPUT

@) OSCR

COMMON

0.1 4F

(2)
OUTPUT -—"
4000:8 @

LA

FIGURE 3. TELEPHONE APPLICATION —SPEAKER DRIVE

2.2 kQ
(Wiac (2)
_—f“\‘w_—‘e—- INPUT OUTPUT
TELEPHONE Vi 0.47 yF
LINE i
8) AC INPUT
8) C FILTER
1o
100 v (@)
OSCR
L COMMON
Rosc :: (7)

= PIEZO
?ﬁ TRANSDUCER

FIGURE 4. TELEPHONE APPLICATION-—-PIEZO DRIVE

2.2k
—TAM—‘(——J"’ :v(;u . output 2
TELEPHONE § ] 0.47 uF
LINE
8 Ac ANTITAPPING| (3)
‘ = PIEZO
| e §
INPUT N b= TRANSDUCER
0.022-
T
B¢ FuTer 01 wF
ANTITAPPING | (5)
10 uF Hoscr our
d COMMON 100- 3
Rosc S 7) 220 ko' 3

TOptimum values to be determined by specific antitapping requirements.

FIGURE 5. TELEPHONE APPLICATION, IMPROVED ANTITAPPING CIRCUIT
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TCM1531, TCM1532, TCM1536, TCM1539
TCM1531A, TCM1532A, TCM1536A, TCM1539A
TELEPHONE TOME RINGER DRIVERS

NC —Normally Closed

120v
60 Hz

6.8 kQ

1 MQ
+20%

TYPICAL APPLICATIONS

AC 2)
meuy | OuTRUT
AC INPUT )
(RESET) C FILTER
=10 4F ls Ko
@loscr  common} 74
NC
L
Rosc <
osc g Ne
NG

é PIEZO
- TRANSDUCER

FIGURE 6. ALARM SYSTEM CONFIGURATION

10 4F 750 ko
100 v

1 MQ
+k

8

1

7 6 5
TCM1531, TCM1532, TCM1536, TCM1539 @t !

TCM1531A, TCM1532A, TCM1536A, TCM1539A

2 3 4

L

3.3 kQ

=5 PIEZO
T TRANSDUCER

2.2 kQ
+5V

TiL181

OPEN-COLLECTOR
TTL OR STTL

FIGURE 7. NONTELEPHONE APPLICATION

2.2 k2 1 2
T"‘N‘”_'Ie“( ) :r\viur outeut |2
TELEPHONE | |} 0.47 uF
LINE ! 8
4 ®acweur
1N4002
(6)
C FILTER
a3
T 100v 4
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= | PIEZO
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FIGURE 8. TELEPHONE APPLICATION—PIEZO DRIVE FAST RING SIGNAL CUTOFF
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ADVANCE
INFORMATION

TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

D2894, OCTOBER 1985—REVISED APRIL 1986

AMI or HBD3 Encoding of Binary Data

Simultaneous Decoding of Received AMI or
HDB3 Signal

TCM2202 . . . J PACKAGE
(TOP VIEW)

TCM2202 PIN NAMES WITHOUT CPU INTERFACE

Static Logic Allows Zero to 3-MHz Bit Rate RXHDB + E1U28:|VSS
. . RXCKIN[]2  27[JRXCKOUT
St.aven Ofltputs for Received-Signal AxoE= 3 26l NRZOUT
Diagnostics TXHDB+ Ea 25[ ] TXCKIN
Optional CPU Interface (TCM2202 only) TXHDB - (s 24[ JNRZIN
) cLkFAILs[Je  23[ReSET
Reliable NMOS Technology osunin 7 22%LOOP!NG
Single 5-V Supply osun@)ds 21 %TEST (Vpp)
osL(]e 20{ ] AIS INJ
description isL[Jio 19 %mmnas
zib[]11 18[]10 5 ERROR
The '!'CM2202 ar?d TCM222_2 perform t.hree Als[Ji2  17[]10-3 ERROR
func.tlor?s: encoding, decoding, and signal steLkin(]s  16[]ERROR
monitoring. stetkoutis  1sfvon

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 RXHDB + L1 vss 8

ternary signal in the decoder is checked for RXCKINL 12 [1 RXCKOUT .=

various diagnostics, and errors that are found are RXHDB - L3 ] NRZOUT o

flagged. TXHDB + []a 1 TXCKIN »

TXHDB- [|5 I NRZIN c

The TCM2202 or TCM2222 can be directly cLkFAILs e M We o

connected to the TCM220?> line interface cfev‘ice osLiNt 7 i3 "6

.to form a complete equipment transmission osLN2) []8 1 OBIN _C_)

interface. 06 o D7 MsB c

The TCM2202 and TCM2222 are characterized D4 L1 Ds g
for operation from 0°C to 70°C. D2 [1D3

LSB DO D1 £

SLCLKIN [INT 8

SLCLKOUT Voo ®

TCM2222 . . . J PACKAGE |-q—,

TCM2202 . . . J PACKAGE
{TOP VIEW)

TCM2202 PIN NAMES WITH CPU INTERFACE

(TOP VIEW)
RxnpB+ (1 Uis[dvss
rxckiN[(J2  1s[JNRzOUT
RXHDB - Es 14 JTXCKIN
TXADB+ [J4  13[INRzIN
TXHDBJEs 12[JAIS INJ
zio[Je  11[JAMI/HDB3
ais[d7  1o[JERROR
LOOPING |8 o[ 1Vvpp

ts [N

‘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.

ADVANCE INFORMATION documents contain

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

Copyright © 1985, Texas Instruments Incorporated
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

functional block diagram

TCM2202
(20)
N 2a] :D— 1 [ 10 1 1 |4 1D
b C1 b c1 bc1 C1 b c1 g t;") TXHDBT
1_ ll [ TXHDB=
TxcK 1n422) b ¢ —>o—|
A 4
(6) | 10 ;.
2 CLKFAILS u2) o
Amimpea 12 | (15) ¢ ror
test 21 CONTROL LOGIC, SWITCHING, (17) 103 ERROR
4 AND ERROR DETECTICN (18) 5
‘®  LoopingiZ2 5y 10 ERROR
C-D_ —— 21D
o Rese 22
5
(13) Iy A 4 b (14)
3 SLCKIN 1 Do SLCKOUT
[
3, ]
(2]
—_— (26)
;:.3,_ AxHDB+—O> 1D 1 D D \ L 1o NRZOUT
) e
= c1
? > < —pe —pe pc -
o] / 8
=" S
=
g =
= .
=3
Cd 2)
RXCKN—=-4
D@ 127) exckouT
—_ (3 —_
RXHDB——OD—— SAME AS RXHDB+
(7)
OSLIN(1) ~—\ (9)
OSLIN(2) ]_./ ost
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

functional block diagram

TCM2222

(12)

Als ing 2]
NRZ |N@:D_'

D C1 c1

10

10

D Cc1

oo |4 TxriDB+

Txck inAH4L l_‘

—

[>C1

(sl

—_— (11)
AMI/HDB3 ~———

LOOPING(—S)-

CONTROL LOGIC, SWITCHING,

AND ERROR DETECTION

‘-—(l)—AIS

}ﬂn—snnoa

L © p

J— )}
Rxm)m—(b

1D

. —1>C1 —pC1

>C1

RXCKN—(E)—l-

1}

—~jo

p1C

(3
RXHDB-—OD-———

SAME AS RXHDB+

0 b——TXHDB-

Ko (15)
—110 NRZOUT
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INSTRUME
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

PIN FUNCTIONAL DESCRIPTION WITHOUT CPU INTERFACE

PIN
TCM2202 | TCM2222 NAME DESCRIPTION
1 1 RXHDB + 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.
2 2 RXCKIN Clock from PCM transceiver. RXHDB + and RXHDB - data are clocked in on the rising
edge of RXCKIN.
3 3 RXHDB - 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.
4 4 TXHDB + Transmit High-Density Bipolar Positive output. Low when a positive pulse is sent to the line.
5 5 TXHDB — Transmit High-Density Bipolar Negative output. Low when a negative pulse is sent to the
line.
6 CLKFAILS Clock Fails input. Normally connected to the mute output of the line interface. When high,
indicates the absence of any clock from the PCM transceiver (RXCKIN) and causes the
TCM2202 to go into the loop mode.
7 OSLIN(1) Output Signal Loss input. When high, activates the Output Signal Loss (OSL) output.
8 OSLIN(2) Output Signal Loss input. When high, activates the Output Signal Loss (OSL) output.
9 OSL Output Signal Loss output. High when the OSLIN(1) or OSLIN(2) input is high.
10 ISL Incoming Signal Loss output. Buffered version of CLKFAILS input synchronized to TXCKIN.
11 6 ziD Incoming Zero Detection output. High when a sequence of 128 consecutive lows is received
-] from the line. Disabled in the AMI mode.
(4] 12 7 AlS Alarm Inhibit Signal output. High when an alarm-inhibit signal consisting of essentially all
a highs is received from the line.
(2] 13 SLCKIN Slow Clock input for error detection. Can be an input for an external clock. Normally, a
g capacitor is connected between this pin and ground.

14 SLCKOUT Slow Clock output for error integration. Normally, a resistor is connected between this
3 pin and the SLCKIN pin.
g 15 9 Vpp Positive supply voltage. 56 V +10%.
5' 16 10 ERROR Error output. Goes high for one-half cycle at every error found in the incoming line signal.
o 17 10~ 3 ERROR | Error output goes high if the input error rate is greater than 1 in 103 receive clock cycles
(= over a period of time defined by 1000 slow clock pulses.
o 18 10— 5 ERROR | Error output goes high if the input error rate is greater than 1 in 105 receive clock cycles
a over a period of time defined by 1000 slow clack pulses.

19 11 AMI/HDB3 Alternate Mark Inversion (AMI) or High-Density Bipolar Three (HDB3) control input. When
c:? high, HDB3 is selectéd. When low, AMI is selected.
(o) 20 12 AIS INJ Alarm Inhibit Signal Injection input. Forces the alarm inhibit signal (all pulses) onto outputs
c. TXADB T and TXHDB=.
3 21 TEST 5V +£10% (tied to Vpp)

22 8 LOOPING When high, the coder outputs are internally looped to the decoder inputs.

23 RESET Control input to clear the AIS, ZID, and OSL outputs. When low, the error outputs are
latched. AlS, ZID, and OSL are cleared when RESET goes high. When RESET is high, the
error outputs reflect the current presence or absence of these errors.

24 13 NRZIN Serial binary Non-Return-to-Zero (NRZ) data input. ]

25 14 TXCKIN Transmit Clock input. The NRZIN input data is clocked in on the rising edge of TXCKIN.

26 15 NRZOUT Non-Return-to-Zero output. Binary NRZ data recovered from the RXHDB + and RXHDB —
inputs. ‘‘Stuffing’’ sequence pulses are removed when the AMI/HDB3 control input is high.

27 RXCKOUT Receive Clock output. Buffered TTL-compatible output that is derived from the RXCKIN
input, but of opposite phase.

28 16 Vssg Supply ground (0 V).

2-32
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

TCM2202 PIN FUNCTIONAL DESCRIPTION WITH CPU INTERFACE

PIN
TCM2202 NAME DESCRIPTION

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

2 RXCKIN Clock from PCM transceiver. RXHDB + and RXHDB — data are clocked in on the rising edge of RSCKIN.

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

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

5 TXHDB - Transmit High-Density Bipolar Negative output. Low when a negative pulse is sent to the line.

6 CLKFAILS Clock Fails input. Normally connected to the mute output of the line interface. When high, indicates
the absence of any clock from the PCM transceiver (RXCKIN) and causes the TCM2202 to go into
the loop mode.

7 OSLIN(1) Output Signal Loss input. When high, activates the output signal loss (OSL) output.

8 OSLIN(2) QOutput Signal Loss input. When high, activates the output signal loss (OSL) output.

9 D6 Four bits of the 8-bit bidirectional data bus. Outputs are at high impedance when CE is high or
10 D4 DBIN is low. When CE is low and DBIN is high, the TCM2202 places the contents of the status
11 D2 register onto the data bus.

12 DO (LSB)

13 SLCKIN Slow Clock input for error detection. Can be an input for an external clock. Normally, a capacitor is
connected between this pin and ground.

14 SCLKOUT Slow Clock output for error integration. Normally, a resistor is connected from this pin to SLCKIN.

15 Vpp Positive supply voltage. 5 V +10%.

16 INT Interrupt output. When low, a diagnostic has occurred. The exact diagnostic can be found by reading
the status register.

17 D1 Four bits of the 8-bit bidirectional data bus. Outputs are at high impedance when CEis high or DBIN

18 D3 is low. When CE is low and DBIN is high, the TCM2202 places the contents of the status register onto

19 D5 the data bus.

20 D7 (MSB)

21 DBIN Databus input. When high (if CE is low), the TCM2202 data bus ports DO through D7 are outputs.
When low, DO through D7 are inputs.

22 CE Chip Enable input. When high, outputs DO through D7 are in high-impedance state.

23 WE Write Enable input. The rising edge latches data from the data bus during a write to the TCM2202.

24 NRZ!N Serial binary Non-Return-to-Zero (NRZ) data input.

25 TXCKIN Transmit-clock input. The NRZIN input data is clocked in on the rising edge of TXCKIN.

26 NRZOUT Binary NRZ data recovered from the RXHDB + and RXHDB — inputs. Stuffing sequence pulses are
removed when the AMI/HDB3 control input is high.

27 RXCKOUT Buffered TTL-comptible clock that is derived from the RXCKIN input, but of opposite phase.

28 Vss Supply ground (O V).
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TCM2202, TCM2222

AMI/HDB3 ENCODERS/DECODERS

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

Supply voltage, Vpp (see Note 1) .. ... .. ... e 0.3Vto7V
Input voltage, V| .. .. e -0.3Vto20V
Operating free-air temperature range . . . . . ..o v v it it i e e 0°C to 70°C

Storage temperature range

NOTE 1: All voltages are with respect to Vgg.

recommended operating conditions

MIN NOM MAX [ UNIT
Vpp Supply voltage 4.5 5 5.5 \%
Vgg Supply ground [¢] \%
ViH High-level input voltage 2 \
ViL Low-level input voltage 0.8 \
Ta  Operating free-air temperature 0 70 °C
electrical characteristics over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Mts except Vpp =5V, 24
—" VoH High-level output voltage TXHDB , SLELKOUT log = ~120 A \%
o TXADB, TXHDB- Vo =5 V. a2
o IoH = — 40 uA
O All outputs except Vpp =5V, 0.4
= TXHDB =, SLCLKOUT loL = 2.4 mA ’
3 VoL Low-level output voltage Yy
3 TXHDB+, TXHDB — DD ! 0.4 \Y
loL = 2mA
g llH  High-level input current All inputs except xDD:;fVV' 10| uA
3 OSLIN(1), OSLIN(2) L
Q | Low-level input current RESET, and TEST Vop = 55V, -10| uA
= ViL =04V
(=] IDD  Supply current Vpp =5V 45 60 | mA
a C; Input capacitance 20| pF
Threshold voltage at OSLIN(1) or Van/2 v
9 OSLIN(2) required to switch' OSL DD
S . . . , ,
E. timing requirements, transmit and receive sections
a PARAMETER MIN MAX | UNIT
tsy1 Setup time, NRZIN before TXCKIN?T 40 ns
th1 Hold time NRZIN after TXCKINT 40 ns
tsu2 Setup time, RXHDB = before RXCKINT 40 ns
tha Hold time, RXHDB % after RXCKINT 40 ns
tr1 Rise time, RXCKIN 25| ns
tf1  Fall time, RXCKIN 15| ns
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

switching characteristics, transmit and receive sections

PARAMETER TEST CONDITIONS MIN MAX | UNIT
trp  Rise time, TXHDB = CL = 25 pF, loH = —40 A 40 | ns
tfp  Fall time, TXHDB % C| = 25 pF, loL = 2mA 40 | ns
%3 Rise time, RXCKOUT, NRZOUT CL = 50 pF, IOH = —120 4A 100 | ns
t3  Fall time, RXCKOUT, NRZOUT CL = 50 pF, oL = 2.4 mA 100 | ns
1 = =120 uA, | = 2.4 mA,
tw1 Pulse duration, ERROR output OH r oL m 200 ns
CL = 25 pF, tec = 488 ns
. — IoH = —40 uA, oL = 2 mA,
tpd1 Propagation delay, TXCKIN to TXHDB + 50 200 ns
CL = 25 pF
) IoH = -120 4A,  IoL = 2.4 mA,
tpd2 Propagation delay, RXCKIN to RXCKOUT 125 ns
CL = 25 pF
1 = —120 pA, | = 2.4 mA,
tq1  Delay time, NRZOUT after RXCKOUT? OH “ oL m o 150 | ns
CL = 50 pF
timing requirements, TCM2202 microprocessor interface
PARAMETER MIN MAX | UNIT
tsy3 Setup time, CE low before DBINT 0 ns
tsu4 Setup time, CE high before DBINL 0o ns (7))
tsus Setup time, CE low before WET 200 ns '§
tsug Setup time, DBIN low before WET 200 ns 2
tsu7 Setup time, valid data before WET 50 ns 6
thg Hold time, CE low after WET 0 ns
th4 Hold time, DBIN low after WE? ns g
ths  Hold time, valid data after WET 20 ns | ©
tw2 Pulse duration, CE low 200 ns ‘5
tw3 Pulse duration, DBIN high or low | 200 ns | O
tw4 Pulse duration, WE high or low 100 ns g
switching characteristics, TCM2202 microprocessor interface E
PARAMETER TEST CONDITIONS MIN TYPT MAX |unIT (@]
ten Enable time, DBINT to valid data out CL =100 pF, CE low 150 ns 8
tqis Disable time, CET to high impedance on DO through D7 CL = 100 pF 100 | ns ©
TAll typical values are at Tp = 25°C. =
Texas WP
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

PARAMETER MEASUREMENT INFORMATION

r—tm—.; ‘ r——tm—-"
| |

ViH min V)L max
—\| | | I y VIH
TXCKIN_\J N / \J SI |/ \_/-—-\__/—
(See Note A) ] I l — — V|L

|
tsu1-'——bl l‘—

ViH mi | I
IH mm-——¥ S I Vin
NRZIN
Vi

I |

| I
tpd‘l—'—’bl F‘—' |
]

|

|

TXHDB+ VoL max \ / .

VoH

—_—_— - — — — — =\VoL

- - | VoH
TXHDB— Vo max
—— — — — VoL

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.

FIGURE 1. TRANSMIT CHANNEL TIMING INFORMATION (AMI MODET)

{i,
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

PARAMETER MEASUREMENT INFORMATION

moany AR\ f "\ \/ /.

Vi max_.’l ViH min

I k__thz__ﬂ | tsuz__..l k——- k—ch———ﬂ

—> "——‘suz ’ | I I
I

| : | ’
ViH mm-\‘l I Vin
RXHD8+ | f v
ViL ma)l(_/ .

le—tnz
| tsu2——-b| k—— —.:

|
I )

- AT "
| —¥ j—
| o

ERROR ! VoH "‘i“f__g__ - T T T Vo

|
|

—i' 'O—-—*paz

| VoH min

~ S,
RXCKOUT :—f——\———fl \ / \ / \ / \ vo.
— e '
‘ .
VoH min f \— V:H

L

NRZOUT

l
l
I

TIn the HDB3 mode NRZOUT is delayéd three additional clock periods.

FIGURE 2. RECEIVE CHANNEL TIMING INFORMATION (AMI MODET)
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AMIHDB3 ENCODERS/DECODERS .

$1IN2419) SUOEBIIUNWWOI9|d | N

PARAMETER MEASUREMENT INFORMATION

Ja— tw2 »l
F w l
- | | ViH
CE ¥ V)L max ﬁL max ViL
v | _________
»l [t le——tsus—pl
- tw3 i ! )
! : - — — — Vid
f VIH min ! *
DBIN l viL
|
[— ten —| —» tdis IQ——
| L
Pty T ———SS VoH
DO0-D7 Jon min VALID DATA ) HIGH-Z
VoL max—¥. I__ ______ VoL
FIGURE 3. MICROPROCESSOR INTERFACE WRITE TO CPU (TCM2202 ONLY)
. ‘ | tw2 =|'
Lo | . ' | ViH
CE VL max \- .[_ ________ viL
| |
14 T2 al
T v | "
X Vi max N i
1 ' o
I l(——tsus———ﬂd—‘h3——bl l
i tcuB J
I« s > |
je—twa ble thg ———— )
— | | ViH
WE ViL maX\- 1{ ___________ ViL
I
t 7—|¢—.l¢—th5
ViH n:l:\N —’1 Vi

D0-D7 DON'T CARE g! VALID DATA 1 DON'T CARE

ViL
ViL maxj

FIGURE 4. MICROPROCESSOR INTERFACE READ FROM CPU (TCM2202 ONLY)
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

PRINCIPLES OF OPERATION

The TCM2202 and TCM2222 combine a coder section and a decoder section to which a signal monitor
function is attached. They 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. The TCM2202 can operate with or
without a microprocessor interface. The selection of operation with or without the microprocessor interface
is controlled by the TEST input. When the TEST input is connected to Vpp, operation without the interface
is selected. When the microprocessor interface is selected, the TEST input acts as DBIN. In the following
description, operation without the interface is described first, with the differences for operation with the
interface described afterward.

operation without microprocessor interface

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 ciock 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 seven outputs: six received signal diagnostic outputs and
one output that monitors the transmitted ternary signal. The seven 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.

10—-5 ERROR This is an error rate flag that is set high if an error rate of 1 error for 105 clock cycles
is detected over a period defined by the slow ciock. The slow clock frequency is
determined by the time constant of an RC network connected to SLCKIN and SLCKOUT
and is typically 100 Hz. The integration period for error rate detection is 1000 slow clock
cycles. Each received error increments a counter, which is decremented every 105 clock
cycles. If there are no errors, the counter will remain at zero. The counter must remain
at a non-zero value for the entire integration period (typically 10 seconds) in order to
set the 105 ERROR output. A hysteresis factor of 1:4 is built into this flag. When the
flag is set, it cannot be reset until the error rate has failen to less than 1 in 400,000.

Telecommunications Circuits m
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PRINCIPLES OF OPERATION

10—3 ERROR This is a gross-error-rate flag. Flag operation is identical to the 10 —5 ERROR exgcept
that the counter is decremented every 1024 clock cycles giving an error rate indicator
of approximately 1 in 1000. The hysteresis is increased to 1:8.

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.

ISL  This flag is set to indicate failure of the received clock. The CLKFAILS input has to be
driven high to indicate loss of signal. This is typically driven by the mute output from
TCM2203, a retriggerable monostable controlled by RXCKIN, or the ZID output. The
CLKFAILS input is buffered onto the ISL output and synchronized to the transmit clock.
If CLKFAILS goes high, the TCM2202 switches into a loop back mode, which is
analogous to taking the LOOPING pin high.

OSL This output reflects the condition of the two inputs, OSLIN(1) and OSLIN(2). Each one
af the inputs monitors one of the line driver transistors on the TCM2203 line interface
(or equivalent line drive device). The drive transistor outputs are connected by RC
networks to OSLIN(O) and OSLIN(1) inputs so that one capacitor is discharged by each
output pulse. If the output signal fails, a capacitor will charge to the OSLIN threshold
level and OSL will be set high. It is latched if the RESET input is low.

Other pin functions are as follows:

RESET A positive transition on this input resets the ZID, AIS, and OSL 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 three outputs are not latched
but continuously reflect the current diagnostic status.

operation with the microprocessor interface (TCM2202 only)

The TCM2202 can be operated with a microprocessor interface by controlling the TEST/DBIN input. When
power is initially applied to the device, operation without the interface is selected and remains selected
until a logic low at the TEST/DBIN input puts it into the software mode. The device will then operate with
the microprocessor interface until power is removed.

When operating with the microprocessor interface, the functions of several pins are altered. The functions
of the coder and decoder inputs and outputs remain the same, but the diagnostic outputs and control inputs
are replaced by an 8-bit bidirectional data bus, three control inputs, and an interrupt output. The 8-bit
bidirectional data bus is used for writing to and reading from the device internal registers.

The three control inputs are DBIN, WE and CE. The device is configured into the test mode by a high-to-
low transition of the TEST/DBIN input. When DBIN goes low, the device latches into the software mode
and remains in this mode until power is removed.

structure

The device contains an 8-bit status register that holds the seven diagnostic outputs from the signal monitor
section, an 8-bit interrupt register and 3 8-bit control registers, each of which holds 5 of the 15 control
inputs. There is an additional control register that is used for test purposes (see Table 1).
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TCM2202, TCM2222
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PRINCIPLES OF OPERATION

The three control inputs are:

DBIN When DBIN has gone low to set the device into the software mode, it controls the direction

of data flow on the data bus. It is high to read data from the TCM2202 (status register) and

low to write data to the TCM2202 (control or interrupt registers).

Chip enable. When high, DO through D7 are in a high-impedance state. It is typically an address

decode of the controller.

WE Write enable. The rising edge of WE strobes in data from the bus to the TCM2202 when CE
and DBIN are low. It can be tied to DBIN in certain CPU systems.

al

- Table 1. Software Mode Register Map

REGISTER D7 (MSB) D6 D5 D4 D3 D2 D1 DO (LSB)

Status ERROR L OSL ISL 10-5 ZID 10-3 AlS
Interrupt L Enable | OSL ISL 10-5 ZID 10-3 AIS
Control O H L L CLKSENSE RESET LOOPING AIS INJ AMI/HDB3
Control 1 H L H FRAMESIZE Z(3) Z(2) Z(1) Z(0)
Control 2 H H L AISZ(1) AISZ(0) FSEO(2) FSEO(1) FSEO(O)
Control 3 H H H Used for test purposes only

H = high level, L = low level
internal registers
There are three types of internal registers: interrupt, control, and status.
interrupt register

Six diagnostics can each be set to cause an interrupt output if required. They are individually enabled or
disabled by writing to the interrupt register. A low in bit D7 addresses the interrupt register.

A particular diagnostic condition is enabled to cause an interrupt when the relevant bit in the interrupt
register contains a high. A logic high in bit D3 causes an interrupt when an error rate of 1 in 100,000
is detected. Individual bits in the register can be set if bit D6 is a high or reset if bit D6 is a low. When
enabling interrupts (D6 = H) any highs on the data bus bits DO to D5 are written to the appropriate register
bits, lows are ignored. When disabled (D6 = L) any low on data bus bits DO through D5 are written into
the appropriate register bits and highs are ignored. At power-up, the interrupt register is reset so no interrupts
are enabled.

control register

Telecommunications Circuits m

The control registers can be written to at any time with the first three bits acting as the address. The
control functions AMI/HDB3, AIS INJ, LOOPING, and RESET are identical to the hardware-mode pin
functions.

The other control register bits, as specified in Table 1, have the following functions:

CLKSENSE — changes the TXCKIN clock edge on which NRZIN is strobed. When low, the rising edge
is used (as in the hardware mode); when high, the falling edge is used.

Z(0), Z(1), Z(2), Z(3) — define the number of consecutive lows needed to set the ZID output, according
to Table 2.
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PRINCIPLES OF OPERATION

TABLE 2

NUMBER OF CONSECUTIVE CONTROL REGISTER BIT STATUS
LOWS NEEDED TO SET zID Z(3) Z(2) z(1) Z(0)

4 L H L L

5 L H L H

6 L H H L

7 L H H H

8 H L L L

16 H H L L

32 H H L H

64 H H H L

128 H H H H

(as in hardware mode)

FRAMESIZE — controls the size of the frame used for the AIS flag. A low in this bit position gives
a framesize of 256 bits and a high gives a framesize of 512 bits (as in the Hardware Mode).

FSEQ(O), FSEQ(1), FSEQ(2) — define the number of successive frames required to set the AlS flag,
according to Table 3.

TABLE 3
NUMBER OF CONSECUTIVE CONTROL REGISTER BIT STATUS
FRAMES NEEDED TO SET AIS FSEQ(2) FSEQ(1) FSEQ(0)
1 L L L
2 L L “H
(as in hardware mode)
3 L H L
L H H
5 H L L -
6 H L H
7 H H L
8 H H H

AISZ(0), AISZ(1) — define the maximum number of lows allowed in a frame if AlS is to be set, according

S}1iNJ4iD) SuOoiEdIUNWWO929}9 | N

to Table 4.
TABLE 4
MAXIMUM NUMBER OF LOWS CONTROL REGISTER BIT STATUS
ALLOWED PER FRAME TO SET AIS AISZ(1) AISZ(0)

4 . L L
1 L H
2

(as in hardware mode) H -
3 H H

{i’
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TCM2202, TCM2222
AMI/HDB3 ENCODERS/DECODERS

PRINCIPLES OF OPERATION

At power up all registers are initialized low. If the software mode is selected by pulling DBIN low, then
the following default condition exists:

Number of consecutive lows needed to set ZID = undefined
Number of consecutive frames needed to set AlS = 1
Maximum number of lows allowed per frame to set AIS = 4
Number of bits per frame to set AIS = 256

However, it is recommended that, in the software mode, the control register bits always be explicitly
programmed.

status register

The status register can be read at any time by taking CE low and DBIN high. The status register is true
when high. The values in the status register cannot change during a read operation if a diagnostic occurs
at the same time. The register will be updated when the read is completed. The ERROR bit (D7) is latched
when an error occurs and is reset after a read operation.

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 aliow 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.

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.

Telecommunications Circuits m

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.
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PRINCIPLES OF OPERATION
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NOTE 2: In the HDB3(1) signal, the previous violation bit was negative. In the HDB3(2) signal, the previous violation bit was positive.

FIGURE 5. TERNARY DATA TRANSMISSION TIMING DIAGRAM

'
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ADVANCE TCM2203
INFORMATION EQUIPMENT LINE INTERFACE

D2861, AUGUST 1985 REVISED APRIL 1986
® Transmits and Receives Serial Bipolar Data TCM2203

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
Volitage Amplification

Phase Adjustment for Recovered Clock

DUAL-IN-LINE PACKAGE
(TOP VIEW)

Direct Interface with the TCM2222
AMI/HDB3 (Alternate Mark Inversnon/Hugh-
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.

TANK 0o/P [J1 U 28] SLICER IN -
PHASE ADJ 1 [J2  27[] SLICER REF
PHASE ADJ 2 3 26[] SLICER IN+

GND[J4  25[] LINE OUT X
ALBO 1[5  24[] LINE OUT Y
BUF IN[J6  23[JRX D+ OUT
BUF OUT [J7  22[] RX CLK OUT
ALBO 2[]8  21[JRX D- OUT
CALBO 1[]9  20[] TX DATAINY
C ALBO 2 []10  18[] TX DATA IN X
PREAMP IN []11  18[] MUTE
PREAMP OUT [J12  17[] TX CLK IN
Vec '3 16[] NEG PEAK DETECT
AMPL IN [J14 15[ POS PEAK DETECT

ADVANCE INFORMATION documents contain . Copyright © 1985, Texas Instruments Incorporated
mform;uon nnhnaw gr:dmits in thsmfamplm or T b

eproduction phase of development. Characteristic
ﬂfnﬁ and other specifications gre subject to change E’XAS 2
without notice. INSTRUMENTS
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TCM2203
EQUIPMENT LINE INTERFACE -

PIN NAME ) DESCRIPTION
1 TANK O/P Delivers a current pulse to the clock recovery tank circuit for every pulse received at AMPL IN
2 PHASE ADJ 1 Connections for a capacitor whose value determines the relative phase between recovered
3 PHASE ADJ 2 clock and data
4 GND Power supply ground
5 ALBO 1 Automatic line build out number 1
6 BUF IN input to 6-dB buffer
7 BUF OUT Output from 6-dB buffer
8 ALBO 2 Automatic line build out number 2
9 C ALBO 1 ] ) ] -
0 C ALEO 2 Connections for the ALBO control loop filter capacitor (typically, 10 uF)
11 PREAMP IN Input to 50-dB amplifier
12 PREAMP OUT Output from 50-dB amplifier
13 Vee Supply voltage
14 AMPL IN Input to 6-dB phase spiitter. Regulated to 480 mV peak-to-peak, nominal. .
15 POS PEAK DETECT Connection for a cjapacitor that stores the peak amplitude of the positive recovered data (GND is
the other connection)
16 NEG PEAK DETECT Connection for a ?apacitor that stores the peak amplitude of the negative recovered data (GND is
the other connection)
17 TX CLK IN Transmit master clock input
18 MUTE Takes on the high logic level when recovered data amplitude is less than 33% of the nominal value.
Nominal value of 480 mV peak-to-peak is regulated at AMPL IN.
19 TX DATA IN X Input for data to be gated with transmit clock and sent out on LINE OUT X
20 TX DATAIN Y Input for data to be gated with transmit clock and sent out on LINE OUT Y
21 RX D- OUT Negative recovered data output
22 RX CLK OUT Recovered clock output
23 RX D+ OUT Positive recovered data output
24 LINE OUT Y Open-collector output of gated TX DATA IN Y input signal
25 LINE OUT X Open-collector output of gated TX DATA IN X input signal
26 SLICER IN + Positive clock slicer input
27 SLICER REF Clock slicer reference connected to center tap of clock recovery transformer
28 SLICER IN — Negative clock slicer input

$}IND419) SUOHEDIUNWLIODd|S | E
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TCM2203
EQUIPMENT LINE INTERFACE

iogic diagram (positive logic)
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33
~ 10 kQ
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AvpLin 14| . 5kQ 5mL {
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© ® aLe
CALBO1 02
(a)
GND =y

{i,
TeExas ‘ 2-47
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TCM2203

EQUIPMENT LINE INTERFACE

typical timing diagram

BINARY
PATTERN

AMI/HDB3
SIGNAL

RESTORED INPUT
SIGNAL ON AMPL IN

POSITIVE DATA

NEGATIVE DATA

CURRENT PULSES
TO LC TANK

RECOVERED
SINEWAVE FROM FILTER

RECOVERED CLOCK
FROM CLOCK BUFFER

POSITIVE LATCHED
DATA

NEGATIVE LATCHED
DATA
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aYaWNaYaYaYaYaYa MENAYa

[N " R S N B 11
I ™ I U B L

024V

POSITIVE DATA
SLICER REF

NEGATIVE DATA
SLICER REF

NOTE: A low logic level on RX DATA OUT represents a received pulse, 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.
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TCM2203
EQUIPMENT LINE INTERFACE

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

Supply voltage, Vcc (see Note 1)

Continuous total dissipation at 25°C free-air temperature

Operating free-air temperature range

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 \Y
Operating free-air temperature, Tp ] 70 °C

(unless otherwise noted)

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

ts [N

Ircul

Telecommunications C

PARAMETER SECTION TEST CONDITIONS MIN TYP! MAX |[UNIT
On-state impedance 10 20 Q
Off-state impedance 5 10 kQ
- - - ALBO
Dynamic resistance matching error 2 %
Transconductance? (referenced to pin 14) Vp.p = 480 mV 0.3 S
Input impedance f =1MHz 10 20 kQ
Output impedance Buffer 40 Q
Voltage amplification 6 dB
Qutput impedance . f =1MHz 50 Q
Open-loop voltage amplification Preamplifier f=1MHz 48 dB
Unity-gain frequency 40 MHz
Input impedance . f =1MHz 10 kQ
— Phase splitter
Voltage amplification (each output) amplilfier 6 dB
Capacitance-driving capability, peak detect pins 0.1 uF
Input impedance f =2MHz 20 30 kQ
Voltage amplification . f =2MHz 60 dB
Clock Slicer
f = 2 MHz,
Input-to-output delay PHASE ADJ CAP = 75 pF 60 ns
Peak-to-peak eye amplitude Vce =5V 480 mV
Data slicing level Data Slicer 50%
Clock slicing level3 66%
Negative-going threshold voltage 3.26
— - Mute Vee =5V \Y
Positive-going threshold voltage 3.66
High-level output current, Iy RX D+ OUT, Voy = 4V 10 | kA
Low-level output voltage, VoL RX D- OUT loL = 2mA 0.7 1 \
High-level output current, IgH LINE OUT X, VoH = 5V 50 [ wA
Low-level output voltage, Vo LINE OUT Y loL = 20 mA 0.7 1 \
Output rise time, t; LINE OUT X, RL = 220 @ 30 45 | ns
Output fall time, tf LINE OUT Y R =220Q 30 35| ns
Supply current, Icc 25 40 | mA

T Al typical values are at Vec = 5V, 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.
$Clock slicing level is the data level at which the TANK O/P puts out a current pulse.

{i@
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TCM2203
EQUIPMENT LINE INTERFACE

TYPICAL CHARACTERISTICS

EYE DIAGRAM REGULATION
(AT INPUT OF 6- dB AMPLIFIER)
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FIGURE 1

TYPICAL PREAMPLIFIER PHASE CHARACTERISTICS

TYPICAL PREAMPLIFIER VOLTAGE
AMPLIFICATION CHARACTERISTICS
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TCM2203
EQUIPMENT LINE INTERFACE

ALBO DYNAMIC RESISTANCE (EACH STRING)
vs

CURRENT
10k T
\ Vee=5V
Ta=25°C
o N
) 1k
8 \
8 \
]
g 100
3 \
L
£
§ 10 \
(=]
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.

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 PCM 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.

Texas
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TCM2203
EQUIPMENT LINE INTERFACE

clock extraction

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

$3IN2J19) SUOHEDIUNWWOI9Id | M

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 sectjon 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.

2-62
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TCM2203
EQUIPMENT LINE INTERFACE

TYPICAL APPLICATION DATA
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TCM2909, TCM2910A
PCM n-LAW COMPANDING CODECS

D2664, JUNE 1982 —REVISED MARCH 1986

® TCM2909 Provides p-Law Companding in
22-Pin Package

® TCM2910A is Designed to be
Interchangeable with Intel 2910A

@ Compatible with CCITT Recommendations
G.711 and G.712.

® ;-255-Law Encoding and 8th-bit Signaling
(TCM2910A only) Compatible with AT&T
D-Type Channel Banks

TTL-Compatible Digital Inputs and Outputs
Optional Programmable Time-Slot Selection

Low Operating Power Consumption:
Active ’
Power-Down Mode . . . . .

High-Reliability, Advanced N-Channel MOS
Technology

Low External Component Count

PEP Processing Available

description

230 mW Typical
33 mW Typical

+5% Power Supplies: +12V, +5V, -5V

The TCM2909 and TCM2910A are single-chip

pulse-code-modulated encoders/decoders (PCM
codecs) that provide all the functions required

to interface a full duplex (4-wire) voice telephone

circuit with a time-division-multiplexed (TDM)

system. Integrated into the codecs are circuits

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

digital-to-analog (D/A) conversion.
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 voice-band data storage systems

°
® Digital encryption systems
o
)

Digital signal processing

The TCM2909 and TCM2910A

are

characterized for operation from 0°C to 70°C.

A
Atad

TCM2909
J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)
cAPx1 [JcLKC
CAPX2[]2 [1DC
ANLG IN[]3 (Ve
AUTO ZERO[]a [JFSX
ANLG GND[]s [cLkx
vpplle [1FSR
PCM IN[]7 [JCLKR
PDN[]8 Ovee
ANLG OUT[]Jo []TSX
Nc[o [JPCM ouT
NC[]1 [1DGTL GND
TCM2910A
J OR N DUAL-IN-LINE PACKAGE
(TOP VIEW)

N |

Ircui

NC—No internal connection

Telecommunications C

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

*p

Copyright © 1982, Texas Instruments Incorporated
1

specifications per the terms of Texas Instruments TEXAS i
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

CENTRAL OFFICE OR PABX SWITCHING SYSTEM

HOOK SWITCH DETECT

| Y

sLIC > >
(Sub_scriber FILTER CODEC
< > Line TCM29128 TCM2909,
Interface 29 TCM2910A
Circuit) < <+
RING CONTROL PCM

HIGHWAY

functional description

$1IN2J19) SUONEJIUNWWO23)8 | M

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-siot 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

Vob Vee
[l 116)]
SIGX TRANSMIT SECTION A/D
(TCM2910A —p-
ONLY) ]
ANLG IN —p~ SAMPLE »— TSX
AUTO ZERO —4¢ AND SUCCESSIVE-APPROXIMATION »— PCM OUT
CAPX1 HOLD REGISTER <— CLKX
CAPX2 - <— FSX
COMPARATOR A
_
< DC
VOLTAGE N D/A CONTROL . CLKC
REFERENCE ” CONVERTER REGISTER . Pon
| RECEIVE SECTION DIA £ - - I— B .
INPUT <— PCM IN
T Howo REGISTER 4~ CLKR
ANLG <— FSR
our —————I I— 1 SIGR
[ (TcmM2910A ONLY)
(5] (13)] (22)] i
ANLG DGTL VB
GND GND
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

. PIN
NAME TCM2809 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).

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
codec. When CLKC is connected to Ve, DC becomes an active-low chip select. TTL-
compatible.

CLKR 16 17 Clock input that defines the bit rate on the receive PCM highway (1.544 megabits per
second for a T1 carrier). The maximum rate is 2.1 megabits per second at 50% duty cycle.
TTL-compatible.

CLKX 18 19 Transmit clock input defining the bit rate on the transmit PCM highway. Itis typically 1.544
megabits per second. Maximum rate is 2.1 megabits per second at 50% cycle. TTL-
compatible.

DC 21 23 Data input to program the codec for either the direct or mi omputer mode of op ion.
TTL-compatible.

DGTL GND 12 13 Ground return common to the logic power supply, VcC.

FSR 17 18 Frame synchronization pulse for the receive PCM highway. Resets the internal time-slot
counter for the receive section. Maximum frame synchronization repetition rate is 12 kHz.
Also used to differentiate between nonsignaling frames and signaling frames for the receive
side. TTL-compatible.

FSX 19 20 Frame synchronization pulse for the transmit PCM highway. Resets the internal time-slot
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 1" 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 Sighaling input. This digital input is transmitted as the 8th bit of the PCM word on the
PCM OUT pin in signaling frames. TTL-compatible.

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).

\7:1: 20 22 Supply voltage (-5 V +5%) referenced to ANLG GND.

Vce 15 16 Supply voltage (5 V +5%) referenced to DGTL GND.

Vpbp 6 7 Supply voltage (12 V +5%) referenced to ANLG GND.

ts [IS3
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

operation

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 OPERATION
SIGNALS
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)
[0] (o] 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-slot 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 Bit7 Bit8
1 0 o] 0 0 0 0
2 0 0 0o 0o 0 1

6 (o] o 0 1 0 1

63 1 1 1 1 1 0
64 1 1 1 1 1 1

H = high level, L = low level, see digital interface table.
X = irrelevant, | = Vcc-to-low transition.

S1IN24IY) SUOIEIIUNWWOD3 | N

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 assighment 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.

{ip
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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.

ts [[X1
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decoding mode

When the assigned receive time-siot 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.

signaling

‘These devices are compatibie 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.

Telecommunications C

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.

j
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

standby operation

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, SIGX T, SIGRt, and PDN inputs.
Also, PCM OUT 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 low level and allowing at least 2 frame synchronization pulses to occur.

internal reset

$3IN2J}7) SUOHEBDIUNWIWOD9|3 | M

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), Vcc or VDD 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+ u|x]|]
f(x) = sgn(x) ————— for: =1 = x <1
In (1 + g

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
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absolute maximum ratings

Vce, VDD, ANLG GND, and DGTL GND with respectto VBB . . . ... ... ... .. ...
All inputs and outputs with respect to VBB .« -« - -« v v i i i
Temperature under bias . . . .. ... L
Storage temperature range . . ... ... ..o ui ittt

-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

MIN  NOM MAX | UNIT
Supply voltage, Vpp (see Note 1) 11.4 12 12.6 \Y
Supply voltage, Vcc 4.75 5 5.25 \
Supply voltage, Vg -4.75 -5 -5.25 \
Ground voltages (ANLG GND and DGTL GND) o] \
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 kQ
Analog coupling capacitor, C1 (see Figures 9 and 10) 0.1 nF
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, Tp 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 Circuits m
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TCM2909, TCM2910A
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electrical characteristics over recommended ranges of operating free-air tempel‘ature and supply voltages
(unless otherwise noted)

digital interface

PARAMETER - TEST CONDITIONS MIN MAX UNIT
ViH High-level input voltage 2 \
VL Low-level input voltage 0.6 \
hH High-level input current V) =55V 10 A
e Low-level input current V=0V -10 A
v High-level output voltage |PCM OUT loH = 16 mA 2.4 v
OH -
(see Note 2) SIGRT IoH = 80 uA 2.4
PCM OUT loL = 4 mA 0.4
SIGRT - lgL = 0.5 mA 0.4
Vol Low-level output voltage oL \
PDN loL = 1.6 mA 0.4
TSX oL = 3.2 mA 0.4
analog interface
2 PARAMETER TEST CONDITIONS MIN  TYP¥  mAX |uniT
Analog-input impedance (between ANLG IN and
CAPX1) in series with CAPX to ANLG GND V) = -3.1 V'to 3.1V 125 300 500 Q
;' during sampling of ANLG IN
a Small-signal impedance at ANLG OUT Vo = =31Vt 3.1V 100 180 300 Q
(o] Serial 11111111
Decod tput offset volt: -50 50 Vv
o ecoder output offset voltage 0 PCM IN m
3 Encoder input offset volt, ( Note 3) Serial 11111111 5 1.5 5 \2
ncoder inpu set voltage (see - .
3 put o a9 ote from PCM OUT ™
g Peak negative output voltage at auto zero$ 400 k2 to ANLG GND Vg +2 VBB \A
-— Peak positive output voltage at auto zero . Vee-2 Vee \
o
o -
=~ power supplies
(=}
= PARAMETER TEST CONDITIONS MIN TYPE MAX UNIT
(] IDD1 Vpp standby current Vin = 12.6 V 0.7 1.1 mA
O |lcca V¢ standby current ) VDD B 5 2'5 V’ 4 7 mA
- IBB1 Vpg standby current VCC =_ _'4 75 IV -1.4 -2.5 mA
2 IpD2 Vpp operating current ‘ BB 2 (1;48 M'H 1 16 mA
T CLK = <. Z,
— [ V¢ operating current 13 21 mA
a Cc2 cc op 9 See Note 4

IBB2 VBB operating current : -4 -7.5 mA

TTCM2910A only.

* Typical values are at Vpp = 12 V, Vee =5V, Vg = -5V, and Tp = 25°C.

8 Limits are expressed as magnitudes. For example, if Vgg = -5 V, the typical value is —5 V and the minimum value is —3 V.

NOTES: 2. 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.

3. 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.

4. 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.

{ip
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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

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Nominal supply voltages, Tp = 25°C,
Digital milliwatt response PPy votages, TA 553 563 573 | dBm
See Note 5 and Figure 6
T t fficient of Nominal supply voltages,
ver}npera(\,fre coefficient o i upply vi le] _0.001 —-0.002 |dB/eC
digital milliwatt response See Note 5
Si ly voltages changi +5%,
Change in digital milliwatt response upply voltag naing i +0.07 dB
Ta = 25°C, See Note 5
RMS input d i It Nominal | It ,
mpy ynamic voltage ominal supply voltages, A 217 2.20 2.23 v
range using dc and ac tests Ta = 25°C, See Note 6 and Figure 6
T t fficient of Nominal ly voltages,
emp'era ure coe -IClen o lominal supply ges, —05 |mvsoc
RMS input dynamic voltage range See Note 6
. . Supply voltages changing +5%,
Change in RMS input dynamic voltage range +18 mV
9 put dy 9 9 TA = 25°C, See Note 6
RMS output dynamic voltage range Nominal supply voltages, Tp = 25°C 2.13 2.16 2.19 \"
Temperature coefficient of RMS
P . Nominal supply voltages -0.5 |mV/°C 2
output dynamic voltage range
) . Supply voltages changing +5%,
Change in RMS output dynamic voltage range +18 mV (2]
g put dy g g Ta = 25°C =
. Pj = 0 dBmO at 1.02 kHz, =
Self-loop gain [ -0.2 dB 1)
See Note 7 and Figure 5 -
-

T Typical values are at Vpp = 12V, Vcc = 5V, Vgg = -5V, and Tp = 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

measurement frequency
sampling frequency

gain tracking error at f = 1.02 kHz

Telecommunications C

MOST MOST
PARAMETER TEST CONDITIONS NEG. POS. UNIT
Py = —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
. Py = -55 dBmO to —50 dBmO -2.4 2.4
Half-channel gain tracking error (encoder only Pi = —37 dBmO to 0 dBmO -03 03
with ideal decoder) See Figure 6 Pl = ~50dBmoO to ~37 dBmo0 ~0.9 09 8
P| = —55 dBmO to —50 dBmO -1.5 1.5
Half-channel gain tracking error (decoder only P1 = —37 dBmo to 0 dBmO —03 03
with ideal encoder) See Figure 6 Pi = ~50dBmoO to —37 dBmoO —09 0.9 dB
P; = —55 dBmO to —50 dBmO -1.5 1.5

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

operating characateristics over recommended ranges of supply voltages and operating free-air
temperature, RL = 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} = 0 dBmO 48 44 B
See Figure 6.
No external auto zero 5 10
Encoder idle-channel noise measured at mid-tread See Figure 9 dBrnco
(no guantizing noise) C-message weighting with no signaling With external auto zero s
See Figure 10
Encoder idle-channel noise measured at the riser (quantizing noise included) 17 |dBrnco
C-message weighting, no signaling
Encoder idle-channel noise measured at mid-tread No ex.ternal auto zero 10 13
(no quantizing noise), C-message weighting, Se.e Figure 9 dBrncO
) ) With external auto zero
6th and 12th frame signaling per AT&T System requirements ) 13
2 . See Figure 10
. De-coder ldie»cl'!annel noise, no sign-bit toggling, no signaling, —10 2 ldBrneo
. quiet code (serial 11111111 to PCM IN)
; De'coder idle-cl'?annel noise with sign-bit toggling, no signaling, 13 17 ldBmeo
‘T quiet code (serial 11111111 to PCM IN) N
(2]
©  power supply rejection and crosstalk attenuation
3 PARAMETER TEST CONDITIONS MIN TYPt mAX | unIT
3 SVRR1 Vpp supply voltage rejection ratio Decoder alone, See Note 9 45 55 dB
g SVRR2 Vpg 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
V] SVRR4 Vpp supply voltage rejection ratio Encoder alone 50 75 dB
=- SVRR5  Vpgg supply voltage rejection ratio Encoder alone 45 70 dB
g SVRR6 V(( supply voltage rejection ratio Encoder alone 50 85 dB
wn SVRR7 Vpp supply voltage rejection ratio Self loop, See Note 10 40 50 dB
O SVRR8 Vpgg supply voltage rejection ratio Self loop, See Note 10 35 38 dB
= SVRRY V(( supply voltage rejection ratio Self loop, See Note 10 50 80 dB
8 ay Crosstalk attenuation See Figure 8, See Note 11 75 >80 dB
'u? clock timing requirements over recommended ranges of operating conditions (see Note 12)
PARAMETER MIN MAX | UNIT
te(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) 485 ns
ty, 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 [tw(CLK)/tc(CLK)] for CLKX and CLKR 45 55.1 %

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

NOTES: 9. 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.

10. With the test device acting as encoder and decoder, a. 200-mV peak-to-peak, 1.02-kHz signal is applied to the appropriate
supply pin and measurements are made at the decoder output with the encoder in idle-channel conditions.
11. The analog input power is O dBmO at 1.02 kHz and the decoder is under idle-channel conditions. Measurement is made

at ANLG OUT.

12. All timing parameters are referenced to 2 V except tpg3 and tpgs, Which reference a high-impedance state.
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TCM2909, TCM2910A
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transmit timing requirements over recommended ranges of operating conditions (see Note 12)

PARAMETER MIN MAX | UNIT

Analog input conversion time referenced to time

teonv(X) leading edge of transmit time slot (see Note 13) 20 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
N Analog output update from leading 7116 time
conv(R) edge 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 QUT CL = 0to 100 pF 50 180 ns
(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 = 0 to 100 pF 80 230 ns
(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)
From rising edge of transmit clock Bit 1
t — Cp = 0 to 100 pF 30 220
pd4 to TSX active (low) (time-slot enable time) L P ns
Fi falli d ft it clock Bit 8
tpds rom falling edge of transmit clock Bit & CL = 0, See Note 13 70 225 | ns
to TSX inactive (high) (time-slot disable time)
From falling edge of receive clock Bit 8
on signaling frames to updated
thd6 " Signafing P 1000 | ns
signaling bit on SIGR output
(receive signaling update time)

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 a minimum of 11 time slots.
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TCM2909, TCM2910A
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| TIME SLOT 1

] ja— 1
tw(CLK) -—

1
——»|  tc(CLK) h——

FSX INPU

NON SIGNALING FRAMES)
{ td(FSX) td(FSX)
FSX

(SIGNALING FRAMES)

FIGURE 1a. TRANSMIT FRAME SYNCHRONIZATION TIMING

| TIME SLOT N

]
— I-—tpds

— > |e—tpas
TSX OUTPUT
% Y
tsu(smx)—>| I-— ——n'q—lh(snex;
SIGX INPUT DON'T CARE X VALID RONT
FIGURE 1b. TRANSMIT OUTPUT TIMING
o TIME SLOT 1 »]
CLKR 2 3 6 7 8
td(FSR)| I__ | |
l r- —’l TEsh v " | ﬁ—‘w(‘CLK)
FSR INPUT ,‘_%(CLK,,.

(NON SIGNALING FRAMES)

——i |<—td(Fsm }-— td(FSR)
FSR INPUT f

(SIGNALING FRAMES)
FIGURE 2a. RECEIVE FRAME SYNCHRONIZATION TIMING

S}NJIID sUonNeIIUNWWOo29|9 | E

|- TIME SLOT N »|
CLKR 1 2 3 4 5 6 7 8
tsu(PCM IN)
ja— thpcm ) ———I tpd6

SIGR OUTPUT VALID

FIGURE 2b. RECEIVE INPUT TIMING

CLKC 1 2 3 4 5 6 7 8

tsu(DC) —D' t It— —’I t

th(DC)

oc //-///.’/// -’/////-///////.’/////.’/////.’/// .’/////

bc

DC
STABLE SYABLE STABLE STABLE STABLE STABLE STABLE STABLE J

MODE SELECT TIME-SLOT T

FIGURE 3. CONTROL TIMING
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PARAMETER MEASUREMENT INFORMATION

ANALOG
SOURCE
ADRET 2230
(or equivalent)

ANLG PCM
IN out
CODEC
PCM ANLG
I out [~

_|AN LG PCM

IN ouT
CODEC

PCM ANLG

IN ouT

ANALOG
LEVEL METER
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 PLM-95
(or equivalent)

W & G: WANDEL AND GOLTERMANN
FIGURE 5. SELF-LOOP GAIN TEST CIRCUIT

ANALOG IDEAL DECODER
SOURCE | |AnwG PCM W&G ENCODER LEVEL
ADRET 2230 IN out PCD-64
(or equivalent) (or equivalent)
()
CODEC s1No—o0— s2
(<)
DIGITAL DATA
GENERATOR | |pcm ANLG
W & G PCG-1 IN ouTt DECODER NOISE
(or equivalent)

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

ANALOG
LEVEL METER
W& G PLM-95
(or equivalent)

NOISE LEVEL
METER
W& G PMD-1
(or equivalent)
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PARAMETER MEASUREMENT INFORMATION

40
35 e
) . g ///
P
. 4
Rt
- rd
@ 30 R
o R
é Ry
= s
& 257 /
€ /
S
£
8
7]
2 20
:
- N R TYPICAL, HALF CHANNEL
e 15 -
po -—== MINIMUM, END-TO-END
c
@ —— MINIMUM END-TO-END, AT&T D3 CHANNEL BANK
10 COMPATIBILITY SPECIFICATION (ISSUE 3, 10-77)
5
0
-45 -40 -35 -30 -26 -20 -15 -10 -5

SN2 SUOHEDIUNWWODJd | M

Input Level—dBmO
FIGURE 7. SIGNAL-TO-TOTAL DISTORTION RATIO
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TCM2309, TCM2910A
PCM n-LAW COMPANDING CODECS

PARAMETER MEASUREMENT INFORMATION

DIGITAL-TO-ANALOG TEST

ANALOG-TO-DIGITAL TEST

ANALOG

SOURCE ANLG PCM |
ADRET 2230 0 dBm0 Code IN ouTt
(or equivalent) at 1020 Hz

CODEC
DIGITAL DATA ANALOG

GENERATOR ) PCM ANLG LEVEL METER
W & G PCG-1 11111111 IN out W & G PLM-95
{or equivalent) Code (or equivalent)

W & G: WANDEL AND GOLTERMANN
FIGURE 8. CROSSTALK ATTENUATION TEST CIRCUIT

TABLE 2. u-LAW DIGITAL WORD SEQUENCE FOR THE DIGITAL
MILLIWATT RESPONSE PER CCITT RECOMMENDATION G.711

Bit Number

1]2[3]a]s5]e]7]s
1Jofofo 111170
2[ofofofJol1]o]1]1
g{3[oJo]Jojof1]o]1 ]
5 alo|ojo |11 [1]1]o
sl 1 ool 11 ]1]o
2lef1Jolofo]1 o1 ]
7 [1]oflofo]|1]o|1]1
g1 Jofo1 1|1 ]1]o

IDEAL DECODER ANALOG
ANLG PC™M W&G LEVEL METER
/J7— IN out PCD-64 W & G PLM-95
DIGITAL DATA CODEC (or equivalent) (or equivalent)
GENERATOR PCM ANLG]|
W & G PCG-1 0 dBmO Code IN ouTt
(or equivalent) at 1020 Hz

g
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TCM2909, TCM2910A
PCM u-LAW COMPANDING CODECS

TYPICAL APPLICATION INFORMATION

_%

FILTER CODEC
= ——— —————— —_——————————1
| | | |
i | o3urF | |
| | encooer ¢ | ANLG 1N :/ o AA— CAPX1,
| FILTER 1 N\ | H |
| | I carx
| R1 2 I 2000 pF
| : WOk o—{ pac carxz|
| 1 ¢— AuToO ZERO
| | m : . :
: | ANLG GND' v o
| | pecooer | ! T OFFSET |
FILTER T TanLG ouT ® ° |
I I I |
! ! ! ANLG GND !
| I e e

FIGURE 9. ANALOG INTERFACE WITHOUT EXTERNAL AUTO ZERO

FILTER CODEC

FIGURE 10. ANALOG INTERFACE WITH EXTERNAL AUTO ZERO

-]
o
g r——=-7 F————— e —————-—
o | c2 | : |-
0.3 uF

3 | ENCODER 1 ; | anLG IN . " CAPX1 |
2 | FILTER | I\ ' © b | -L
s, | | R1 ¢ R3 : | canx
= 150k2 Y 470k | 2000 pF
8 | | lv—w—lAuTo ZERO DAC CAPX2 |
= I R g : I
° | | 3300 P |
a1 | ai [ Lo

ANLG GND i Tomv |
(2] | | oecooer | | : - OFFSET
5 | FILTER | | anLG ouT ¢ ° |
c | | | |
= ) ANLG GND
FL____J Lo e
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TCM2909, TCM2910A

PCM p-LAW COMPANDING CODECS

TYPICAL APPLICATION INFORMATION

LINE SRl 181Gx DIGITAL
INTERFACE I TCM2910A INTERFACE
_E—{: CAPX1  CLKC[ JH——% “\ from svsTem
/LE cap oc CONTROL
TCM29128 x2 ¢
ANLG
ANLG IN+ VEXO j—{ S v
ANALOG{ +0 IN ss[ .
INPUT ANLG AUTO $
>{Jante - A0 ‘;-C 2ERO siax|_H
ANLG
GAIN ADJUSTMENT - Jasx  cLksEL TE oD Fsx [ J——— )
ELECTRONIC HYBRIDS  —+{_|vFRO pon[ }F——— —{sicR cLkx[ J——< | Pem
> FRAME SYNC
poweR ampLIFIER  >—[_|PwRi cLk[F— _—{voo rse[ J—— [ anoBiTcLocks
‘ DGTL $ PCM
TRANSFORMER <+{Jewro+ GND j—__L — N cLkR[ }———9¢
HYBRIDS '\ «{Jrpwro-  VFRI }_1 {ron vee[ o
[AnLe =,
! Vep vee Oour =411+ )
PCMf—
One outp >
5 T co
LEGEND O GND :I__L HIGHWAY
ANALOG DIGITAL =
GROUND GROUND
= Vee -«
5 =

FIGURE 11. TCM2910A INTERFACE WITH TCM2912B FILTER
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TCM2909, TCM2910A
PCM p-LAW COMPANDING CODECS

a

S1IN2419) SUOEDIUNWWO9|d | N

TABLE 3a. u-LAW POSITIVE INPUT VALUES
Reproduced from CCITT?t (Volume Il — 2 on Line Transmission)
Recommendation G.711 on Pulse Code Modulation of Voice Frequencies

8159 normalized value units correspond to the value of the on-chip voltage reference.

The PCM word on the highways is the same as the one shown in column 6.

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.

X128 is a virtual decision value.

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.

1 2 3 4 5 6 7 8
ignal
Number Value . . Character sign Value Decoder
Segment | of intervals | at segment Decision Decision (see Note B) at decoder output
number X interval end value val;e an output y, value
size points number n (see Note A) Bit number (see Note C) number
12345678
8159 (128)D (8159) p o o e e o e e
10000000 [— 8031 321
7 [}
12; 90|3 : H :
8 16 x 256 ! ' (see Note E) ! i
1 1 I |
113 4319 1 1 1
10001111 4191 112
4063 112 4063 T ! !
1 i | 1 !
7 16 X 128 ! ' (sec Note E) ! 1
I 1 ! 1 1
9 2143 [} i
10011111 P~ 2079 96
2015 96 2015 T ! !
1 ' \ : |
6 16 x 64 I : (see Note E) \ I‘
| i ! | |
81 1055 L | |
10101111 = 1023 80
991 80 991 . ! !
| | 1 1 |
5 16 x 32 : |I (see Note E) : :
1 | ! | |
65 511 1 ! !
10111111 495 64
479 64 479 T ! !
| ' i ! |
4 16 x 16 ] 1 (see Note E) H !
1 | ! I I
49 239 L 1 |
11001111 = 231 48
223 48 223 T ! !
| | ! ! !
3 16 8 ! ! (sce Note E) H i
' 1 i ] |
33 103 1 1 !
11011111 = 99 32
95 32 95 r | 1
1 [} | | 1
2 16 x 4 ! ' (see Note E) ! H
| ' ! | |
17 35 1 | |
11101111 3? 16
1
3 1 3 | | 1
15 % 2 ! ! (sce Note E) i '
1 | ! ' ]
2 3 1 | |
1 11111110 2 1
1 1
i 1x1 | S U U A A O O |
0 0 0 0

. The PCM word corresponding to positive input values between two successive decision values numbered nand n + 1 (see

NOTES: A.
B.
C.
D.
E
2-72
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TCM2909, TCM2910A
PCM u-LAW COMPANDING CODECS

NOTES: A.
B.
C.

D.

Recommendation G.711 on Pulse Code Modulation of Voice Frequencies

TABLE 3b. p-LAW NEGATIVE INPUT VALUES
Reproduced from CCITTt (Volume Il — 2 on Line Transmission)

1 2 3 4 5 6 7 8
Number Value - - Character signal Value Decoder
Scgment | of intervals | at segment Decision Decision (see Note B) at decoder output
number X interval end value value x, output yy value
size points number n (see Note A) Bit number (see Note C) number
12345678
0 0 0 0
T 1x1 o111l
1 -1
1 01111110 = —% 1
2 -3 |
| 1 | ! !
15X 2 : : (see l\:o(e D) 1 |
-31 16 -31 L i |
01101111 p =33 16
17 =35 I 1 !
1 | i ! '
2 16 x 4 ! ! (see Note D) ! H
! |
-95 32 -95 1 i |
01011111 — =99 32
33 -103 . | |
| 1 [ ! !
3 16 x 8 : : (see I‘fme D) | \
1 1
-223 48 -223 L | [
01001111 | =231 48
49 -239 T ! !
J 1 1 H '
4 16 X 16 : : (see l"lote D) | |
1
-479 64 —479 L i [
00111111 |- -—495 64
65 -s11 T | !
l | ! : :
5 16 x 32 : : (see I‘Ilote D) | I
| |
991 80 991 L | |
00101111  —1023 80
81 —1055 T [} [
| | ! : :
6 16 x 64 : : (see l\:mc D) | I
~2015 9% 2015 L i |
00011111 }= —2079 96
97 —2143 T ! !
| 1 i H |
7 16 x 128 ! ! (see Note D) \ \
l
—4063 112 —4063 1 : 1
00001111 | -4191 12
113 —4319 ! !
1 1 (see Note D) H !
8 16 x 256 126 —7647 | |
00000001 }— —7775 126
127 —~7903
00000000 —8031 127
—8159 (128)E (=8159) = e o — —

8159 normalized value units correspond to the value of the on-chip voltage reference.
The PCM word on the highways is the same as the one shown in column 6.
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.

ts (X3

Ircul

Telecommunications C

The PCM word corresponding to positive input values between two successive decision values numbered n and n + 1 (see
column 4) is (2565 — n) expressed as a binary number.

TThe International Telegraph and Telephone Consultative Committee. Published by the International Telecommunication Union,
Geneva, Switzerland. )

. X128 is a virtual decision value.
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ADVANCE TCM2912B, TCM2912C

INFORMATION PCM LINE FILTERS
D2788, SEPTEMBER 1983—REVISED MAY 1986
® High-Pass Transmit Filter for Rejection of All J
Low-Frequency Noise: DUAL-IN-LINE PACKAGE
16Hz ............... 70 dB Typical (TOP VIEW)
gg gz ............... gg gg ;yp!ca: ANLG IN+ 1 Use[d vFxo
Z e ypica ANLG IN- []2 15[] ANLG GND
® 6th-Order Low-Pass Transmit Filter for Gsx [ 1a[] CLKSEL
Improved Performance vFRO[Ja  13[JPDN
. PWRI[]s  12[]CLK
® Low Standby ‘Power Consumption PWRO + E 6 11[] DGTL GND
® Improved Envelope Delay Characteristics PWRO - []7 10[] VFRI
\Y, 8 9] ]V
® Excellent Power Supply Rejection Ratio BB P vee
® CCITT G.712 as well as AT&T D3/D4 NOTE
Compatible TCM2912B IS NOT RECOMMENDED
® TTL- and CMOS-Compatible FOR NEW DESIGN.

FOR NEW DESIGN REFER TO TCM2912C.

Reliable N-Channel MOS Process

Pin-For-Pin Functional Replacement for
Intel 2912A

® TCM2912C Offers Improved Noise
Performance

® TCM2912C — Three-State PWRO + and
PWRO — Outputs

tsn

ircui

description

The TCM2912B and TCM2912C are monolithic integrated circuits 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 TCM2912B and TCM2912C are 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 TCM2912B and TCM2912C eliminate 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. In the power-down mode (standby), the TCM2912B VFXO,
GSX, and VFRO outputs are in a high-impedance state and the PWRO + and PWRO — outputs are in a
low-impedance state to Vcc. When the TCM2912C is in the power-down mode, all outputs are in a high-
impedance state.

Telecommunications C

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

The TCM2912B and TCM2912C are characterized for operation from 0°C to 70°C.

‘% \ 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.

ADVANCE INFORMATION documents contain . Copyright © 1983, Texas Instruments Incorporated
information onhnew op;rndm:ts in the"sampling or b

preproduction phase h i EXAS

data and other specifications are subject to change 2-75
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TCM2912B, TCM2912C
PCM LINE FILTERS

system block diagram

TRANSMIT SECTION

AN VAR W AN

S f §
(1) \ : SC SC
ANLG IN+ + ANTIALIAS ] 6TH-ORDER SMOOTHING 16
@ > Low-pass 3:,%322:: > " owrass > Lowrass L% exo
ANLG IN- / FILTER FILTER FILTER FILTER
GSX (3)

SUPPORT SECTION

cLkser 14 2.PHASE
(12) cLock
CLK GENERATOR

N
|
!
!
n
!
|
|
|
|
|
|
|
|
|
|
|
|
l
l
|
I
l
|

RECEIVE SECTION

PWRO— —(7—)1 -——M-\ —/\

SC
SMOOTHING
SIN x/x 2-POLE ACTIVE) (10)
WA &—\\—@ LOW-PASS == 44— VFR
I FILTER ] Low-pass PRE-FILTER
pwRO+ 1! FILTER

(5) 4)
PWRI VFRO

The TCM2912B and TCM2912C system bliock 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.

$3IN2J19) SUOHEIIUNWWODd |
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TCM2912B, TCM2912C
PCM LINE FILTERS

PIN
DESCRIPTION
NAME NO.

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
selected by CLKSEL (pin 14).

CLKSEL 14 Clock frequency selection. Input must be connected to Vgg, V. or ground to reflect the master clock
frequency at pin 12 (CLK). When tied to Vgg, CLK is 1.5636 MHz. When tied to ground, CLK is 1.544 MHz.
When tied to V¢, CLK is 2.048 MHz.

DGTL GND 11 Digital ground return for internal clock generator.

GSX 3 Output of the gain adjustment operational amplifier on the transmit filter. Used for gain setting of the transmit
filter.

PDN 13 Control input for standby power-down mode. An internal pullup to 5 volts is provided for interface to the
codec PDN outputs.

PWRI 5 High-impedance input to the power driver amplifiers on the receive side of interface to transformer hybrids.
When taken to the low level (tied to Vgg), the power amplifiers are powered down.

PWRO - 7 Inverting side of power amplifiers. Power driver output capable of directly driving transformer hybrids.

PWRO + 6 Noninverting side of the power amplifiers. Power driver output capable of directly driving transformer hybrids.

VBB 8 -5V +5% referenced to ANLG GND

Vece 9 5V +£5% referenced to ANLG GND

VFRI 10 Analog input of the receive filter, interface to the codec analog output for PCM applications. The receive
filter provides the sin x/x correction needed for sample-and-hold-type codec outputs to give unity gain. The
input voltage range is directly compatible with TCM2910A and 2911A type codecs.

VFRO 4 Analog output of the receive filter. Provides a direct interface to electronic hybrids. For a transformer hybrid
application, VFRO is tied to PWRI and a dual balanced output is provided on pins PWRO + and PWRO —.

VFXO 16 Analog output of the transmit filter. The output voltage range is directly compatible with the TCM2910A

and TCM2911A type codecs.

ts (S0
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TCM29128B, TCM2912C
PCM LINE FILTERS

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

Supply voltage, Vg (see Note 1) ... . o -0.3Vito 14V
Output voltage, VO all outputs (see Note 1) .. ... ... ... . ... ........... -0.3Vto 14V
Output current, 10 (all OUTPULS) . . . . . . oot +50 mA
Continuous total dissipation at 25°C free-air temperature (see Note 2) .. ............. 1375 mW
Operating free-air temperature range . . . .. ... vttt 0°C to 70°C
Storage temperature range . . . .. ... ittt e —-65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . . . . ..o vv oo .. 300°C

NOTES: 1. Voltage values 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
Vee Supply voltage (see Note 3) 4.75 5 5.25 \
Ve Supply voltage (see Note 3) -4.75 -5 ~5.25 \
- DGTL GND voltage with respect to ANLG GND (9] \
ViH High-level input voltage All inputs except CLKSEL 2.2
. All inputs except CLKSEL and PWRI 0.8 Vi
ViL Low-level input voltage
PWRI . VBB Vpp+0.5
For 2.048 MHz Vee-0.5 © Ve
Clock select input voltage | For 1.544 MHz ANLG GND-0.5 0.8 \Y
For 1.536 MHz VBB Vgg+0.56
At GSX, VFXO, or VFRO 10 kQ
RL Load resistance At PWRO + or PWRO ~ (single-ended) 300 Q
At PWRO + and PWRO — _(differential) 600
. At GSX, VFXO, or VFRO 25
CL Load capacitance | At PWRO + or PWRO - (single-ended) N 100 pF
At PWRO + and PWRO - (differential) 200
TA Operating free-air temperature 0 70 °C

NOTE 3: Voltages at analog inputs, analog outputs, Vcc, and Vgg terminals are with respect to the ANLG GND terminal. All other voltages

are referenced to the DGTL GND terminal unless otherwise noted.

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

digital interface .

PARAMETER TEST CONDITIONS MIN MAX |UNIT
PDN V| = GND to Vce ~100
I Input current CLKSEL V| = Vggto 2.2V 1 A
CLK Vi =08Vto22V 1

2-78 Texas {"
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TCM2912B, TCM2912C

PCM LINE FILTERS

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

(continued)
supply current
PARAMETER TEST CONDITIONS TCm29128 Tem2912¢ UNIT
MIN TYPT MAX | MIN TYPT MAX
Standby PDN at 2.2 V 0.2 0.4
Icc Supply current Operating Power amplifiers active 10 15 12 15 A
from Vce . Power amplifiers inactive,
Operating 7 9 9 11
PWRI at Vgg
Standby PDN = 2.2V -0.2 -0.4
88 Supply current Operating Power amplifiers active -10 -15 -12 -15 mA
from Vgg . Power amplifiers inactive,
Operating -7 -9 -9 -1
PWRI at Vgg
transmit amplifier input
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Input leakage current at ANLG IN+, ANLG IN - Vi—- _22Vto22V +100 | nA
Input offset voltage at ANLG IN+, ANLG IN — +25 | mV
Output voltage swing at GSX RL = 10 kQ . +2.5 \
Common-mode rejection at ANLG IN+, ANLG IN— Vi = -1.6Vto 1.6V (-3dBm0) 60 dB
Common-mode rejection at ANLG IN+, ANLG IN - V) = -2.2Vto 2.2V (0dBmO) 60 90 dB
DC open-loop voltage amplification at GSX 72 77 dB
Open-loop unity gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN+, ANLG IN — 10 MQ
transmit filter
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
DC output offset voltage at VFXO ANLG_ ,lN+ coanectedA fo ANLG GND, +100 | mV
Amplifiers at unity gain
Output voltage swing at 1 kHz at VFXO RL = 10 kQ +3.2 \
Output resistance at VFXO 1 2 Q
receive filter
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
DC output offset voltage at VFRO VFRI connected to ANLG GND +100 | mV
Output voltage swing at VFRO RL = 10 k@ +3.2 \Y
Input leakage current at VFRI V)= -3.2Vto32V 1 nA
Input resistance at VFRI 1 MQ
QOutput resistance at VFRO 1 2 Q
T All typical values are at Vgg = —5V, Vcc = 5V, and Tp = 25°C.

ts Y
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TCM2912B, TCM2912C
PCM LINE FILTERS

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

receive filter driver amplifier

PARAMETER TEST CONDITIONS MIN TYPt MAX |UNIT
. . RL = 10 kQ +3.2
Output voltage across R| at Single ended connection, RL = 600 0 39 v
PWRO +, PWRO — Ry connected to ANLG GND RL = 3000 5%
Differential output voltage Balanced connection, R| connected AL = 20k0 £6.4
swing at PWRO +, PWRO - between PWRO + and PWRO - AL = 12009 58 v
! RL = 600 @ +5
DC output offset voltage PWRI connected to ANLG GND £50 | mv
at PWRO +, PWRO -
Input leakage current at PWRI Vi = -32Vt 32V +0.5 | pA
Input resistance at PWRI : 10 MQ
Output resistance at lo = 10 mA, ; 21 e
PWRO +, PWRO - Vo = -3Vto3V

power supply rejection (see Note 4)

PARAMETER TEST CONDITIONS MIN TYPT MAX |UNIT
SVRR1 Ve supply voltage rejection ratio Transmit channel only 30 45 dB
SVRR2 VRR supply voltage rejection ratio Transmit channel only 30 45 dB
SVRR3 Ve supply voltage rejection ratio Receive channel only 30 45 dB
SVRR4 VR supply voltage rejection ratio Receive channel only . 30 45 dB

T Al typical values are at Vgg = -5V, Vee = 5V, and Tp = 25°C.

NOTE 4: With the test device acting as a transmitter (or receiver), a 200-mV peak-to-peak 1.02-kHz signal is applied to the appropriate
supply pin and measurements are made at the VFXO (or VFRO) output with the receiver (or transmitter) and power amplifiers
in idle channel conditions.

S1IN241) SUOEJIUNWIWO93|d | M
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TCM2912B, TCM2912C
PCM LINE FILTERS

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

(continued)

transmit filter transfer

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
16.67 Hz -80 -60
50 Hz -30
60 Hz -25
Gain-setting operational 200 Hz -1.2 -0.125
Gain relative to gain at amplifier at unity gain, 300 Hz to 3 kHz —-0.125 0.125 dBm
1 kHz with 0-dBmO input signal 0-dBmO reference measured 3.3 kHz -0.35 0.1
at VFXO (see Note 5) 3.4 kHz (TCM2912-3) -0.7 -0.1
3.4 kHz (TCM2912) -1 -0.1
4 kHz -14
4.6 kHz and above -35
Absolute passband gain at VFXO f = 1 kHz, R = 10 kQ 2.8 3 3.2 dB
Gain variation with temperature f = 1 kHz, Signal level = 0 dBmO 0.0008 dB/°C
. e . f = 1 kHz, Signal level = 0 dBmO,
Gain variation with supply voltage o 0.04 dB/v
Supply variation = 5%
. . VFRI = 1.6 V. rms, f = 1 kHz,
Crosstalk attenuation, receive
to transmit at VEXO ANLG IN - connected to GSX, 70 80 dB
ANLG IN + connected to ANLG GND
f = 1 kHz, Signal level = 0 dBmO at VFXO —48
Single-frequency distortion products f = 1 kHz, Signal level = 3 dBmO at VFXO . dB
Gain-setting operational amplifier at 20-dB gain —45
TCM29128 Ga?n»sett?ng operat?ona! ampl?f.er at unity gain- 5 7 dBrCO
Total C-message Gain-setting operational amplifier at 20-dB gain 6 8
] noise at VFXO TCM2912C Gafn-setti.ng operat'{onal ampl'{f‘{er at unity gair.1 4 6 4BrnCO
Gain setting operational amplifier at 20-dB gain 4 6
Differential envelope delay time* f = 1kHz to 2.6 kHz 60 80 us
Absolute delay time 100 150 s

TAll typical values are at v = -5V, Vcc =5V, and Tp = 25°C.
NOTE 6: A 0-dBmO signal is equivalent to 1.1 V rms at ANLG IN+ and 1.6 V rms output at VFXO.

{ip
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TCM2912B, TCM2912C
PCM LINE FILTERS

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

(continued)

receive filter transfer

tAll typical values are at Vgg = -5V, Vgc = 5V, and Tp = 25°C

PARAMETER TEST CONDITIONS MIN  TYPT MAX UNIT
below 200 Hz -0.2 0.125
200 Hz -0.2 0.125
300 Hz to 3 kHz -0.125 0.125
Gain relative to 3.3 kHz -0.35 0.03
. 0 dBmO d at VFRO dBi
1 kHz with O dBmO input signal M measured @ 3.4 kHz (TCM2912-3) ~0.7 —0.1 m
: 3.4 kHz (TCM2912) -1 -0.1
4 kHz -14
4.6 kHz and above -35
Absolute passband gain at VFRO f = 1kHz, R = 10 kQ ' -0.2 0.2 dB
f = 1 kHz,
Gai iati ith t t 0.0002 dB/°C
ain variation with temperature Signal level = 0 dBmO
; f =1 kHz,
Gain variation with supply voitage Signal level = 0 dBmO, 0.04 dB/V
2 Supply variation = 5%
. X ANLG IN~- connected to GSX,
Crosstalk attenuation, transmit to
. . ANLG IN+ at 1.1 V rms, f.= 1 kHz, 70 76 dB
-] | receive at VFRO
VFRI connected to ANLG GND
@ -
- f=1kHz, 48
g Single-frequency distortion Input signal = 0 dBmO a8
[e] products f = 1 kHz, -45
3 Input signal = 3 dBmO
3 Total C-message | TCM2912B 4 7
M d at VFRO dBrnCO
€ |noiseatvrRO  [TCM29712C eesurec a 2 6 |
E_ Differential envelope delay time f = 1 kHz to 2.6 kHz 25 80 us
7] Absolute delay ti VFRO 110 140
s
2 solute defay e Towro— 120 180 | "
(=]
=
7]
=
(2]
c
~*
»
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TCM2912B, TCM2912C
PCM LINE FILTERS

TRANSFER CHARACTERISTICS OF THE
TRANSMIT SECTION

+0.125 dB +0.125 dB
s st
—0.4125dB 2
ol 200 Hz —-0.10d8 o
3400 Hz , EXPANDED
SCALE
L TYPICAL FILTER B
- TRANSFER FUNCTION -1
-1.24B
200 H J
< i 3400 Hz P
ol —o
[++]
ji /]
N
£ /
% —t0p ‘ 10 2
£ @ j _14dB .
8 f A 000 1z
2 0
2 # : j Rt
i -2548 ; 1, -1-2° 3
£ w0 Sg Hz " TYPICAL FILTER // -
° 50 Hz ; TRANSFER FUNCTION A Q
ey g 7 —35dB {_30 %)
4600 Hz c
/] o
% /] ]
L / @©
_ao - 4 /] —{-a0 o
# c
# )
4 / £
50 |- p —1-50 E
% [=]
% O
4 2
eoldl 11l . ovovvanlo AN e @
10 50 100 1k 10k
Frequency—Hz
FIGURE 1

T Applies to the TCM2912B-3 and TCM2912C-3 only.
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TCM29128B, TCM2912C
“PCM LINE FILTERS

TRANSFER CHARACTERISTICS OF THE
RECEIVE SECTION

= T
2 )
+, p—. l
/
/ i
/ I
TYPICAL FILTER / |
. TRANSFER FUNCTION ——— Vi !
0.125dB  0.125dB ,/ 0.125d8B
200Hz 300 Hz e 3000 Hz
0
—0.2dB 200125 dB ~0.125 dB
200 Hz 300 Hz 3000 Hz
a 11 0.7 aBt
2 -o0.
i < 3400 Hz P's -
I
-
-
‘:* o EANNN NN NN h
s
(4] \
8
2
k] TYPICAL FILTER TRANSFER
& -0 / FUNCTION WHEN MULTIPLIED BY
£ L/ —14dB
o v o % 4000 Hz
L/ sm[sooo] ‘
- V. ot /]
-2 (0081 A
4 A
/ SIN x Y
[/ WHICH IS THE —— OUTPUT RESPONSE 7
X
-30 }- / / _35dB
é OF THE TCM2910A AND " 4600 Hz
¢ A
/ TCM2911A CODECS A
a A
—a0 - % t g
L WHERE x = g
8000
/ > Y
f /
—s0 1 1
100 1k 10k
Frequency—Hz
FIGURE 2

1 Applies to the TCM2912B-3 and TCM2912C-3 only.

S EXPANDED
SCALE
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TCM2912B, TCM2912C
PCM LINE FILTERS

TYPICAL APPLICATION DATA

fm—————————————
| . TCM2912B/TCM2912C
ANLG IN+ N
ANLG IN—! f ¢
L
|
|
|
AA—OSX |
R2 |
L . ——— —— — — ——— — —— — — -
2R
1

*GAIN =1 (R2/R1)
FIGURE 3. PASSBAND GAIN ADJUSTMENT

Z=LOAD

FIGURE 4. OUTPUT GAIN ADJUSTMENT FOR RECEIVE

r
| TCM29128/TCM2912C
I

VFROy Al
I output
SR1 : RESISTANCE
|
p |
|
3
j; R2
R2.2Z
=10ka

RT=R1+
R2+Z

FILTER IF DRIVER AMPLIFIER IS NOT USED.

VFRO| TCM2912B/TCM2912C
1S | outpuT
b | RESISTANCE
pwRi |
T
*R2 $ :
1 i
erh = | -
S PWRO+ |
1
+
I et AAA
| WA—
I —AAA—
_1 ~
——————d PWRO t
I +
*GAIN SETTING RESISTORS In LTER =
**SERIES LEAD RESISTOR v -

FIGURE 5. TYPICAL CONNECTION FOR OUTPUT DRIVER
AMPLIFIER WITH EXTERNAL GAIN ADJUST
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TCM2912B, TCM2912C
PCM LINE FILTERS

TYPICAL CHARACTERISTICS

DEPARTURE FROM LINEAR PHASE
TCM2912B
TRANSMIT SECTION

1.8
1.6
14
1.2
1.0
0.8
0.6
04
0.2

Radians
o

-0.2
-0.4
-0.6
—0.8
-1.0
-1.2
-14 6TH ORDER
-1.6
-1.8

05 1 15 2 25 3
Frequency—kHz

FIGURE 6

FROM: DIGITAL CHANNEL BANK REQUIREMENTS AND OBJECTIVES, AT&T, JUNE 1978, PUB 43801, PARAGRAPH 13.4.
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ANALOG INPUT
ANLG AUTO g*
—E ANLGIN- “Gnp ZERO siex }
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GAIN ADJUSTMENT —-E asx CLKSEL 2:‘,.36 FSX 3————4———
TO ELECTRONIC HYBRIDS —<—E VFRO PDN SIGR CLKX 3————4—— FROM PCM
> FRAME SYNC
POWER AMPLIFIER INPUT PWRI cLK VpD . FSR 3____4__. AND BIT CLOCKS
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NG DGTL }:L pcm
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NOTE: CLK= 1.544 MHz, with CLKSEL connected to ANLG GND.
FIGURE 7. TCM2912B/TCM2912C INTERFACE WITH TCM2910A CODEC

Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible.

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance or product
specifications, since Ti does not possess full access to data concerning the use or applications of customer’s products. Tl also assumes no responsibility
for customer product designs.
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ADVANCE TCM2913, TCM2914, TCM2916, TCM2917

INFORMATION COMBINED SINGLE-CHIP PCM CODEC AND FILTER
D2765, SEPTEMBER 1983 —REVISED MAY 1986
® Replaces Use of TCM2910A and FEATURE TABLE
TCM2911A in Tandem with TCM2912B FEATURE 2913 [ 2812 [ 2916 | 2917
® No External Components Needed for NUZ“;be' of Pins: X
Sample, Hold, and Auto Zero Functions 2 X
® Low Power Consumption: I1G/A| Coding: X X
Operating Mode . . . 140 mW Typical “':ﬁw"aw oding: x x N
Power-Down Mode . . . 5 mW Typical A-law X X X
® Excellent Power Supply Rejection Ratio Over Da\;:r?;g'e"fﬂgzzw
Frequency Range of O to 50 kHz 64 kHz to 2.048 MHz| X X X X
. Fixed Mode
® Precision Internal Voltage References 1.536 MHz X X
Reliable Advanced N-Channel MOS ;g:g m’:z ; ; X «
. ¥4
TeChndon Loopback Test Capability X
® Direct Replacement for Intel 2913, 2914, 8th-Bit Signaling X
2916, and 2917.
TCM2913 TCM2914 TCM2916, TCM2917
J DUAL-IN-LINE PACKAGE J DUAL-IN-LINE PACKAGE J DUAL-IN-LINE PACKAGE 2
(TOP VIEW) (TOP VIEW) (TOP VIEW)
ves g1 Y200 vee ves " U2l vee ves [+ Uis[ Vee 8
PwRO+ [J2  19[] Gsx PWRO+ [J2 23] GSx PWRO+ [J2  15[] GSX -
pPwrO- [J3  18[] ANLG IN- PWRO- [J3  22[JANLG IN- PWRO- []J3  1a[] ANLG IN- 3
GSR[a  17[J ANLG IN+ GSR[s  2aJANLG IN+ PON[Js 13[JANLGGND 2
PON[]s  16[] ANLG GND PON[J5  20[] ANLG GND DCLKR[fs  12{] TSX/DCLKX o7
CLKSeL[Js  15[] ASEL clkseL Qs 1ofINC PCMIN[Je  11[JPCM OUT
DCLKR [}7  14[] TSX/DCLKX ANLG LoOP [J7  18[] SIGX/ASEL FSR/TSRE[]7  10{] FSX/TSXE
PcmIN[Je  13[] pcm OuT SiGR[Je  17]] TSX/DCLKX DGTL GND (8 9[] CLKR/CLKX
FSR/TSRE (]9 12[] FSX/TSXE pckr (e 1s[]PCM OUT
DGTL GND [Jto 1] CLKR/CLKX PCM IN [J1o  15[] FSX/TSXE
FSR/TSRE [J11  14[] CLKX
DGTL GND [J12__ 13[] CLKR

TCM2914 . . . FN PACKAGE
(TOP VIEW)

|
E4
Q
=
z
<

Telecommunications C

2
GSRll s 256 ANLG IN +
NcPe 24 (] ANLG GND
PON[ 7 23 nNC
CLKSEL[] 8 22[] SIGX/ASEL
ANLG LOOP [J 9 21[] TSX/DCLKX
SIGR P10 20 NC
DCLKR [J 11 19 Pcm ouT
12131415 16 17 18
oo omom
ZWwoao xXwo
SEEET S
ok Lok
T er X
NC—No internal connection w g w

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.

{i’
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

description

The TCM2913, TCM2914, TCM2916, and TCM2917 are single-chip pulse-code-modulated encoders and
decoders (PCM codecs) and PCM line filters. These devices provide all the functions required to interface
a full-duplex (4-wire) voice telephone circuit with a time-division-multiplexed (TDM) system. These devices
are intended to replace the TCM2910A and TCM291 1A in tandem with the TCM2912B or TCM2912C.
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

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

The TCM2913, TCM2914, TCM2916, and TCM2917 provide the bandpass filtering of the analog signals
prior to encoding and after decoding. These combination devices perform the encoding and decoding of
voice and call progress tones as well as the signaling and supervision information.

The TCM2913, TCM2914, TCM2916, and TCM2917 are characterized for operation from 0°C to 70°C.

The TCM2913-3 version is identical to the standard version except that maximum. encoder milliwatt
response and digital milliwatt response are +0.40 dBmO.

functional block diagram

TRANSMIT

SECTION AUTO
ZERO
FILTER PCM OUT
ANLG IN+ —] SAMPLE COMPARA SUCCESSIVE o
— ano Howo f CONVPARA L approxi- f— UTPUT Lead — TSX/DCLKX
ANLG IN— —] AND DAC MATION REGISTER
«— siGx/asEL
Gsx l
| T0 DIGITAL] . FSX/TSXE

CONTROL

SHNOID) SUOHEDIUNWWO9|d | E

LoGIC < CLKX
RECEIVE Teontror 7|
SECTION | SecTiON
N AR 4 l
FILTER
) 4 I controL [* %%SE"
asrt —] GAIN "'—\_ | LOGIC L el ANLG LOOPT -
SET |
L [orren J——y L) ————.]
PWRO+ — SAMPLE L DIGITAL < PCM IN
AND HOLD TO ANALOG INPUT
AND DAC CONTROL REGISTER
LOGIC DCLKR
PWRO- ~— REFER- l I | sigr?

ENCE

Vcc Ve DGTL oy, FSR/TSRE
TTCM2914 only GND gnp CLKRT
$TCM2913, TCM2916, and TCM2917 only
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

PIN

TCM2913

TCM29141

TCM2916
TCM2917

NAME

DESCRIPTION

1

1

2

[ 8]

[10]

(11

121

[13]

[14]

ns)

1

2

VBB
PWRO +

PWRO -

PDN

CLKSEL

ANLG LOOP

SIGR

DCLKR

PCM IN

FSR/TSRE

DGTL GND

CLKR

Most negative supply voltage; inputis —5V +5%.

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

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

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

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

Ciock frequency selection. Input must be connected to Vgg, V¢, or
ground to reflect the master clock frequency. When tied to Vgg, CLK is
2.048 MHz. When tied to ground, CLK is 1.544 MHz. When tied to V¢,
CLK is 1.5636 MHz.

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

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

Selects fixed or variable data-rate operation. When this pin is connected
to VR, the device operates in the fixed-data-rate mode. When DCLKR
is not connected to Vg, the device operates in the variable-data-rate
mode, and DCLKR becomes the receive data clock, which operates at
frequencies from 64 kHz to 2.048 MHz.

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

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

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

Receive master clock and data clock for the fixed-data-rate mode. Receive
master clock only for variable-data-rate mode. CLKR and CLKX are
internally connected together for TCM2913, TCM2916, and TCM2917.

ts I

ircui
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

PIN

TCM2913

TCM29141

TCM2916
TCM2917

NAME

DESCRIPTION

11

14

15

16

18

19

20

14 [16]

15 [(17]

16 [19]

17 [27]

18 (22]

20 [24]

21 [25]

22 (26]
23 [27)

24 [28)

9

13

CLKX

FSX/TSXE

PCM OUT

TSX/DCLKX

SIGX/ASEL

ANLG GND

ANLG IN +

ANLG IN -

GSX

Vce

Transmit master clock and data clock for the fixed-data-rate mode.
Transmit master clock only for variable data rate mode. CLKR and CLKX
are internally connected for the TCM2913, TCM2916, and TCM2917.

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

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

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

Used to select between A-law and p-law operation. When connected to
Vgg. A-law is selected. When connected to Ve or ground, p-law is
selected. When not connected to Vg, it is a TTL-level input that is
transmitted as the eighth bit (LSB) of the PCM word during signaling frames
on the PCM OUT pin (TCM2914 only). SIGX/ASEL is internally connected
to Vgg on TCM2916 and to ground on TCM2917.

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

Noninverting analog input to uncommitted transmit operational amplifier.
Iinternally connected to ANLG GND on TCM2916 and TCM2917.

Inverting analog input to uncommitted transmit operational amplifier.

Output terminal of internal uncommitted operational amplifier. Internally,
this is the voice signal input to the transmit filter.

Most positive supply voltage; input is 5V = 5%.

S1IN2419) SUOREDIUNWWO093| | n

TPin numbers shown in square brackets are for the FN package.
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

Supply voltage, Veg (see Note 1) .. ... .. -0.3Vto 15V
Output voltage, VO . . . o oo -0.3Vto 15V
Input voltage, V| . .. ... -0.3Vto 15V
Digital ground voltage . .. ... ... . ... ... -0.3Vtol15V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2). ... ... 1375 mW
Operating free-air temperature range (under bias) . .. ....................... -10°C to 80°C
Storage temperature ranNge . . . . . .ot v vt e —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. ... .................. 300°C

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

2. For operation above 25°C free-air temperature, derate linearly to 770 mW at 80°C at the rate of 11 mW/°C.

recommended operating conditions

MIN NOM MAX | UNIT

Vee Supply voltage (see Note 3) 4.75 5 5.25 \Y

VBB Supply voltage -4.75 -5 -5.25 \Y

DGTL GND voltage with respect to ANLG GND 0 \%

VIH High-level input voltage, all inputs except CLKSEL 2.2 \

ViL Low-level input voltage, all inputs except CLKSEL 0.8 \%
Clock select For 2.048 MHz Vg Vgg +0.5

input voltage For 1.544 MHz (0] 0.5 \
For 1.536 MHz Vee-0.5 Vee

Ry Load resistance At GSX 10 ko

At PWRO + and/or PWRO — 300 Q

CL Load capacitance At GSX 50 pF
At PWRO + and/or PWRO — 100

Ta Operating free-air temperature [¢] 70 °C

NOTE 3: Voltages at analog inputs and outputs, Vcc. and Vgg terminals are with respect to the ANLG GND terminal. All other voltages

are referenced to the DGTL GND terminal unless otherwise noted.

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

supply current, fpcLK = 2.048 MHz, outputs not loaded

PARAMETER " TEST CONDITIONS MIN TYPT MAX | UNIT
Operating 14 19
Supply current
Icc from V. Standby FSX, FSR = V) after 300 ms 1.2 2.4 mA
cc Power-down PDN = V) after 10 ps ) 0.5 1
Operating -18 -24
Supply current
BB from V Standby FSX, FSR = V)_after 300 ms -1.2 -2.4 mA
B8 Power-down PDN = Vj_ after 10 ss ~05 1
Operating 140 226
Power dissipation Standby FSX, FSR = V| after 300 ms 12 25 mW
Power down PDN = V| after 10 us 5 105

TAll typical values are at Vgg = —~5V, Vgc = 5V, and Tp = 25°C.

Texas
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TCM2913, TCM2914, TCM2916, TCM2917

COMBINED SINGLE-CHIP PCM CODEC AND FILTER

electrical characteristics over recommended ranges of

(continued)

digital interface

;

supply voltage and operating free-air temperature

PARAMETER TEST CONDITONS MIN TYPt MAX | UNIT
. DX loH = —9.6 mA 2.4
VoH  High-level output voltage SIGR o = —12mA 24 A2
VoL  Low-level output voltage at DX, TSX, SIGR loL = 3.2’mA 0.4 \
hH High-level input current, any digital input V) =2.2 Vto Vce 10 A
TR Low-level input current, any digial input V= 0toc 0.8V 10 pA
Ci Input capacitance 5 10 pF
Co Output capacitance 5 pF
transmit amplifier input

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT
Input current at ANLG IN+, ANLG IN — Vi=-217V1t0 217V +100 nA
Input offset voltage at ANLG IN+, ANLG IN - Vi = =217Vt 217V +25 mV
Common-mode rejection at ANLG IN+, ANLG IN — V)= -217V 10217V 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN+, ANLG IN - 10 MQ

receive filter output

PARAMETER TEST CONDITIONS MIN TYPT mMAX | uNnIT
Output offset voltage PWRO +, PWRO - (single-ended) Relative to ANLG GND 120 mV
Output resistance at PWRO +, PWRO — 1 Q

$}IN2J19) SUOIIBIIUNWWOD3|d | E

TAll typical values are at Vg = -5V, Vcg =5V, and Tp = 25°C.

2-94

xas WP

E
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

gain and dynamic range, VCC = 5V, VBB = =5V, TA = 25°C (unless otherwise noted)

(see Notes 4, 5, and 6)

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Encoder milliwatt response Standard versions +0.08 +0.18
" elt ' ,IW respon Signal input = 1.064 V rms ndard version dBmO
(transmit gain tolerance) TCM2913-3 +0.18 +0.40
Encoder milliwatt response variation with Ta = 0°C to 70°C, +0.07 B
temperature and supplies Supplies = +5% -
Digital milliwatt response (receive tolerance gain)| Signal input per CCITT G.711,|Standard versions +0.08 +0.18 dBmO
m
relative to zero-transmission level point Output signal = 1 kHz TCM2913-3 +0.18 +0.40
Digital milliwatt response variation with Ta = 0°C to 70°C,
. . +0.07 dB
temperature and supplies Supplies = +5%
] 2.76
Zero-transmission-level paw RL = 600 @
. ) A-law 2.79
point, transmit channel ; 7 dBm
: -law
{0 dBmO) o RL = 900 2
A-law 1.03
] 5.76
Zero-transmission-level paw RL = 600 Q
X X A-law 5.79
point, receive channel dBm
p-law 4
(0 dBmO) R = 900 @
A-law 4.03

NOTES: 4. Unless otherwise noted, the analog input is a 0-dBm0, 1020-Hz sine wave, where O dBmO is defined as the zero-reference
point of the channel under test. This corresponds to an analog signal input of 1.064\ V rms, or an output of 1.503 V rms.
5. The input amplifier is set for unity gain, noninverting. GSX is connected to ANLG IN —. Signal input is ANLG IN +. The digital

input is a PCM bit stream generated by passing a 0-dBmO, 1020-Hz sine wave through an ideal encoder.

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

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

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

)

ircui

level = —10 dBmO
PARAMETER TEST CONDITIONS MIN MAX | UNIT

-3 to -40 dBmO +0.25

Transmit gain tracking error, sinusoidal input —40 to —50 dBmO +0.5 dB
—50 to —55 dBmO +1.2
-3 to -40 dBmO +0.25

Receive gain tracking error, sinusoidal input —40 to —50 dBmO +0.5 dB
—-50 to —55 dBmO +1.2

Telecommunications C
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

PARAMETER TEST CONDITIONS MIN MAX | UNIT

Transmit noise, C-message weighted ANLG IN+ = ANLG GND, 15 | dBrnCO
ANLG IN- = GSX

Transmit noise, C-message weighted with eighth-bit ANLG IN+ = ANLG GND,

signaling (TCM2914 only) ANLG IN= = GSX, 18 | 4BrmCo
6th frame signaling

o ) ] ANLG IN+ = ANLG GND,

Transmit noise, psophometrically weighted ANLG IN— = GSX ~75 | dBmOp
PCMIN = 11111111 (p-law)

Receive noise, C-message weighted quiet code PCM IN = 10101010 (A-law) 11 | dBrnCO
measured at PWRO +

Receive noise, C-message weighted sign Input to PCM IN is zero code with sign bit 12 | dBrnco

bit toggled toggled at 1-kHz rate

Receive noise, psophometrically weighted PCM = lowest positive decode level —-79 | dBmOp

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

S1iN241D SUONEDIUNWWOI3d | N

PARAMETER TEST CONDITIONS MIN TYPT mAX | uniT
V¢ supply voltage f = 0 to 30 kHz Idle channel, 30
rejection ratio, supply signal = 200 mV p-p, dB
transmit channel f = 301050 kHz f measured at PCM OUT —45
VBB supply voltage f = 0 to 30 kHz Idle channel, ~30
rejection ratio, supply signal = 200 mV p-p, dB
transmit channel f = 30 to 50 kHz f measured at PCM OUT -85
V?c fupply‘voltage f = 0to 30 kHz Idle char.mel, _20
rejection ratio, supply signal = 200 mV p-p, dB
receive channel £ = 30 to 50 kHz narrow-band, f measured _45
‘(single-ended) ) at PWRO +
VBB supply voltage f = 0 to 30 kHz Idle channel, ~20
rejection ratio, supply signal = 200 mV p-p, dB
receive channel £ = 30 to 50 kHz narrow-band, f measured _45
(single-ended) at PWRO +
ANLG IN+ = 0 dBmO,
Crosstalk attenuation, transmit-to-receive f = 1.02 kHz, unity gain, 71 B
(single-ended) PCM IN = lowest decode level
measured at PWRO +
PCM IN = 0 dBmO,
Crosstalk attenuation, ‘receive-to-transmit f = 1.02 kHz, 7 B
(single-ended) ANLG IN+ = ANLG GND,
measured at PCM OUT

Tl typical values are at Vgg = -5V, Vgc = 5V, and Tp = 25°C.
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

PARAMETER TEST CONDITIONS MIN  TYPT MAX | UNIT
o ) . o ) ANLG IN+ = O to —30 dBmO 36
Transmit signal to distortion ratio, sinusoidal
A ANLG IN+ = —30to —40 dBmO 30 dB
nput (see Note 7) ANLG IN+ = -40 to - 45 dBmO 25
Receive signal to distortion ratio, sinusoidal ANLGIN» - Oto —30 dBmO 36
input (see Note 7) ANLG IN+ = -30 to ~40 dBmO 30 dB
ANLG IN+ = —40 to —45 dBmO 25
Transmit single-frequency distortion products| AT&T Advisory #64 (3.8), Input signal = 0 dBmO -46 | dBmO
Receive single-frequency distortion products | AT&T Advisory #64 (3.8), Input signal = 0 dBmO —-46 | dBmO
CCITT G.712 (7.1) -35
Intermodulation distortion, end-to-end CCITT G.712 (7.2) -49 dBmo0
Spurious out-of-band signals, end-to-end CCITT G.712 (6.1) - 25 dBmO
CCITT G.712 (9) -40
. Fixed data rate, CLKS = 2.048 MHz,
Transmit absolute delay time to PCM OUT Input to ANLG IN+ = 1.02 kHz at O dBmO 245 us
f = 500 Hz to 600 Hz 170
Transmit differential envelope delay time f = 600 Hz to 100 Hz 95
relative to transmit absolute delay time f = 100 Hz to 2600 Hz 45 #s
f = 2600 Hz to 2800 Hz 105
X . Fixed data rate, fc KR = 2.048 MHz,
Receive absolute delay time to PCM OUT . . 190 us
Digital input is DMW codes
f = 500 Hz to 600 Hz 45
Receive differential envelope delay time f = 600 Hz to 100 Hz 35
relative to transmit absolute delay time f = 1000 Hz to 2600 Hz 85 us
f = 2600 Hz to 2800 Hz 110

TAIl typical values are at Vgg = -5V, Vg¢ =

NOTES: 7. CCITT G.712 — Method 2.
8. CCITT G.712 — Method 1.

transmit filter transfer over recommended ranges of supply voltage and operating free-air temperature

(see Figure 1)

5V, and T = 25°C.

Telecommunications Circuits M

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MIN MAX | UNIT
16.67 Hz -30
50 Hz - 25
Input amplifier set for 60 Hz -23
X X . unity gain, Noninverting 200 Hz -1.8 0.125
Gain relative to gain X
maximum gain output, 300 Hz to 3 kHz ~0.125 0.125 | dB
at 1.02 kHz i
Input signal at PCM IN 3.3 kHz -0.35 0.03
is 0 dBmO 3.4 kHz -0.7 -0.1
4 kHz -14
4.6 kHz and above -32
Texas WP
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

—
receive filter transfer over recommended ranges of supply voltage and operating free-air temperature(see

Figure 2)
PARAMETER TEST CONDITIONS MIN MAX | UNIT
Below 200 Hz 0.125
200 Hz -0.5 0.125
300 Hz to 3 kHz -0.125 0.125
Gain relative to gain at 1.02 kHz Input signal at PCM IN is O dBmO 3.3 kHz -0.35 0.03 dB
3.4 kHz -0.7 ~0.1
4 kHz -14
4.6 kHz and above -30

temperature (see timing diagrams)

clock timing requirements over recommended ranges of supply voltage

and operating free-air

PARAMETER MIN TYP' MAX | unIT
tc(CLK) Clock period for CLKX, CLKR (2.048-MHz systems) 488 ns
tr, tf Rise and fall times for CLKX and CLKR 5 30 ns
tw(CLK) Pulse duration for CLKX and CLKR (see Note 9) 220 ns
tw(DCLK) Pulse duration for DCLK (fpcLk = 64 Hz to 2.048 MHz) (see Note 9) 220 ns

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

TAll typical values are at Vgg = -5V, Voc = 5V, and Tp = 25°C.

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

temperature, fixed-data-rate mode (see timing diagrams)

PARAMETER MIN MAX UNIT
td(FSX) Frame sync delay time 100 te(CLK)=100| ns
tsu(SIGX) Setup time before Bit 7 falling edge (TCM2914 only) 9] ns
th(SIGX) Hold time after Bit 8 falling edge (TCM2914 only) - 0 ns

propagation delay times over recommended ranges of operatlng conditions, fixed-data-rate mode
(see timing diagrams)
PARAMETER TEST CONDITIONS MIN MAX UNIT
From rising edge of transmit clock to Bit 1 data valid at
1, = 0 to 100 pF [0] 145
pd1  pem ouT (data enable time on time slot entry) (see Note 10) CL ° P ne
tpd2 Fro.m rising edge of transmi.t clj;yck Bit n to Bit n + 1 data CL = 0 to 100 pF o 145 s
valid at PCM OUT (data valid time)
From falling edge of transmit clock Bit 8 to Bit 8 Hi-Z at
. CL=0 60 215
tpd3 PCM OUT (data float time on time slot exit) (see Note 10) L ne
F isi f it-clock Bit 1 to TSX acti
tpda rom nflng edge o tranéml clock Bi o active CL = 0-to 100 pF o 145 ns
(low) (time slot enable time)
tpds Fr'om fal.ling edge ?f tranfmit clock Bit 8 to TSX inactive cL - 0 60 190 s -
(high) (time slot disable time) (see Note 10) .
From rising edge of channel time slot to SIGR update
tpd6 0 2 us
(TCM2914 only)
receive timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see timing diagrams)

PARAMETER MIN MAX UNIT
td(FSR) Frame sync delay time 100 te(CLK) - 100 ns
tsu(PCM IN) Setup time before Bit 7 falling edge (TCM2914 only) 10 ns
th(PCM IN) Hold time after Bit 8 falling edge (TCM2914 only) 60 ns

NOTES: 9. FSX CLK must be phase locked with the CLKX. FSR CLK must be phase locked with CLKR.

10. Timing parameters tpq1, tpd3. and tpgs are referenced to the high-impedance state.
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transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, variable-data-rate mode (see timing diagrams)

PARAMETER MIN MAX UNIT
td(TSDX) Timeslot delay time from DCLKX (see Note 11) 140 tq(pCLKX) - 140 ns
td(FSX) Frame sync delay time 100 te(CLK) ~ 100 ns
te(DCLKX)  Clock period for DCLKX 488 15620 ns

propagation delay times over recommended ranges of operating conditions, variable-data-rate mode
(see Note 12 and timing diagrams)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tpd7 Data delay time from DCLKX CpL = 0 to 100 pF o] 100 ns
tpd8 Data delay from timeslot enable to PCM OUT CL = 0to 100 pF o] 50 ns
tpd9 Data delay from time slot disable to PCM OUT CL = 0 to 100 pF [¢] 80 ns
tpd10  Data delay time from FSX ) t4(Tspx) = 80 ns 0 140 ns

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

PARAMETER MIN MAX UNIT
td(TSDR) Timeslot delay time from DCLKR (see Note 13) 140  t4(DCLKR) — 140 ns
td(FSX) Frame sync delay time 100 te(CLK) — 100 ns n
tsu(PCM IN) Setup time before Bit 7 falling edge 10 ns =
th(PCM IN) Hold time after Bit 8 falling edge 60 ns g
tc(DCLKR) Clock period for DCLKR 488 15620 ns =
Timeslot end receive time 0 ns

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

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

NOTES: 11. tggLx minimum requirement overrides the tq(TSpx) maximum requirement for 64-kHz operation.
12. Timing parameters tpqg and tpgg are referenced to a high-impedance state.
13. tpgLR minimum requirement overrides the tq(TSpR) Maximum requirement for 64-kHz operation.
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This is a typical transfer function of the receiver filter component.

FIGURE 2. TRANSFER CHARACTERISTIC OF THE RECEIVE FILTER
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FIGURE 3. TRANSMIT TIMING (FIXED-DATA-RATE)
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FIGURE 4. RECEIVE TIMING (FIXED-DATA-RATE)

Inputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low

level is indicated.
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

GENERAL OPERATION

system reliability features

The TCM2913, TCM2914, TCM2916, or TCM2917 is powered up in four steps
Vce and VBB supply voltages are applied.
All clocks are connected.
TTL high is applied to PDN.
FSX and/or FSR synchronization pulses are applled

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

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

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

power-down and standby operations

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

For power down, an external TTL low signal is applied to the PDN pin. It is not sufficient to remove the
TTL high voltage to PDN. In the absence of a signal, the PDN pin floats to TTL high and the device remains
active. In the power-down mode, the average power consumption is reduced to an average of 5 mW.

The standby modes give the user the option of putting the entire device on standby, putting only the transmit
channel on standby, or putting only the receive channel on standby. To place the entire device on standby,
both FSX and FSR are held at TTL low. For transmit-only operation, FSX is high and FSR is held low. For
receive-only operation, FSR is high and FSX is held low. See Table 1 for power down and standby
procedures.

TABLE 1. POWER DOWN AND STANDBY PROCEDURES

DEVICE TYPICAL POWER
STATUS PROCEDURE CONSUMPTION DIGITAL OUTPUT STATUS
—_— TSX and PCM OUT are in a high-impedance state;

Power down FON = TTL low 5 mw SIGR goes to TTL low within 10 s.
Entire device FSX and FSR 12 mW TSX and PCM OUT are in a high-impedance state;
on standby are TTL low SIGR goes to TTL low within 300 ms.
Only transmit - FSX is TTL low 70 mw TSX and PCM OUT are placed in a high-impedance state
on standby FSR is TTL high within 300 ms.
Only receive FSR is TTL low - 110 mW SIGR is placed in a high-impedance state
on standby FSX is TTL high within 300 ms. .
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COMBINED SINGLE-CHIP PCM CODEC AND FILTER

fixed-data-rate timing (see Figure 7)

Fixed-data-rate timing is selected py connecting DCLKR to VgB. It uses master clocks CLKX and CLKR,
frame synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are 8-kHz inputs that set the
sampling frequency and distinguish between signaling and nonsignaling frames by their pulse width. A
frame synchronization pulse one master clock wide designates a nonsignaling frame, while a double width
sync pulse enables the signaling function (TCM2914 only). Data is transmitted on the PCM OUT pin on
the first eight positive transitions of CLKX following the rising edge of FSX. Data is received on the PCM
IN pin on the first eight falling edges of CLKR following FSX. A digital-to-analog (D/A) conversion is performed
on the received digital word and the resulting analog sample is held on an internal sample-and-hold capacitor
until transferred to the receive filter.

The clock selection pin (CLKSEL) is used to select the frequency of CLKX and CLKR (TMC2913 and
TCM2914 only). The TCM2913 and TCM2914 fixed data rate mode can operate with frequencies of
1.536 MHz, 1.544 MHz, or 2.048 MHz. The TCM2916 and TCM2917 fixed data rate mode operates at
2.048 MHz only.

oTHER 192/193/256
le- le le -
f TS1X T TIMEsLoTs "] _ \, v TS1X *

CLKX AN nnANAn AN
12 3 45 6 7 8 12 3 45 6 7 8
192/193/256 XMIT SIGNAL FRAME

Fsx J 1 {

-

By Bg SIGX

PeMOUT ZDXOOOOOOOOC - - - " T
Bq Bz B3 B4 B5 Bg 37 Bg
TSX T\ Veuis ~1#
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L e —— ¢ A S | S Gl e
DON'T CARE VALID
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FIGURE 7. SIGNALING TIMING (FIXED-DATA-RATE ONLY)
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variable data rate timing

S1IN2419) SUONEDIUNWWO0I3d | N

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

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied
from 64 kHz to 2.048 MHz. The bit clocks can be asynchronous in the TCM2914, but must be synchronous
in the TCM2913, TCM2916, and TCM2917. Master clocks in types TCM2913 and TCM2914 are restricted
to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the fixed-data-rate timing mode.
The master clock for the TCM2916 and TCM2917 is restricted to 2.048 MHz.

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

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

signaling

The TCM2914 (only) provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive
signaling frames are independent of each other and are selected by a double-width frame sync pulse on
the appropriate channel. During a transmit signaling frame, the signal present on SIGX is substituted for
the least significant bit (LSB) of the encoded PCM word. In a receive signaling frame, the codec will decode
the seven most significant bits in accordance with CCITT G.733 recommendations, and output the logical
state of the LSB on the SIGR pin until it is updated in the next signaling frame. Timing relationships for
signaling operations are shown n Figure 9. The signaling path is used to transmit digital signaling information
such as ring control, rotary dial pulses, and off-hook and disconnect supervision. The voice path is used
to transmit prerecorded messages as well as the call progress tones; dial tone, ring-back tone, busy tone,
and re-order tone.

asynchronous operation

The TCM2914 can be operated with asynchronous clocks in either the fixed- or variable-data-rate modes.
In order to avoid crosstalk problems associated with special interrupt circuits, the design of the TCM2913
and TCM2914 includes separate digital-to-analog converters and voltage references on the transmit and
receive sides to allow completely independent operation of the two channels.

In either timing mode, the master clock, data clock, and timeslot strobe must be synchronized at the
beginning of each frame. Specifically, in the variable-data-rate mode the rising edge of CLKX must occur
within tg(FSX) ns before the rise of FSX, while the leading edge of DCLKX must occur within tTSpX ns
of the rise of FSX. CLKX and DCLKX are synchronized once per frame but may be of different frequencies.
The receive channel operates in a similar manner and is completely independent of the transmit timing
(see variable data rate timing diagrams). This approach requires the provision of two separate master clocks
but avoids the use of a synchronizer, which can cause intermittent data conversion errors.
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analog loopback

A distinctive feature of the TCM2914 is its analog loopback capability. With this feature, the user can
test the line circuit remotely by comparing the signals sent into the receive channel (PCM IN) with those
generated on the transmit channel (PCM OUT). The test is accomplished by sending a control signal that
internally connects the analog input and output ports. When ANLG LOOP is TTL high, the receive output
(PWRO +) is internally connected to ANLG IN +, GSR is internally connected to PWRO —, and ANLG IN —
is internally connected to GSX (see Figure 8).

' PCM
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FIGURE 8. TCM2914 ANALOG LOOPBACK CONFIGURATION

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

precision voltage references

No external components are required with the TCM2913, TCM2914, TCM2916, and TCM2917 to provide
the voltage references. Voltage references that determine the gain and dynamic range characteristics of
the device are generated internally. A difference in subsurface charge density between two suitably
implanted MOS devices is used to derive a temperature- and bias-stable reference voltage. These references
are calibrated during the manufacturing process.Separate references are supplied to the transmit and receive
sections, and each is calibrated independently. Each reference value is then further trimmed in the gain
setting operational amplifiers to a final precision value. Manufacturing tolerances can be achieved of typically
+0.04 dB in absolute gain for each half channel, providing the user a significant margin to compensate
for error in other board components.
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TCM2913, TCM2914, TCM2916, TCM2917
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

conversion laws

The TCM2913 and TCM2914 provide pin-selectable u-law operation as specified by CCITT G.711
recommendation. A-law operation is selected when the ASEL pin is connected to VBB. Signaling is not
allowed during A-law operation. The TCM2916 is u-law only. The TCM2917 is A-law only.

The p-law operation is effectively selected by not selecting A-law operation. If the ASEL pin is connected
to Ve or GND, the device is in p-law operation. If u-law operation is selected, SIGX is a TTL-level input
that can be used in the fixed data rate timing mode to modify the LSB of the PCM output in signaling frames.

transmit operation

transmit filter

$3}IN2J41) SUOIIEDIUNWIWODA|D | N

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

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

The passband section provides flatness and stopband attenuation that fulfills the AT&T D3/D4 channel
bank transmission specification and CCITT recommendation G.712. The TCM2913, TCM2914, TCM2916,
and TCM2917 specifications meet or exceed digital class 5 central office switching systems requirements.

A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency
noise. Even with the high rejection at these frequencies, the sharpness of the band edge gives low
attenuation at 200 Hz. This feature allows the use of low-cost transformer hybrids without external
components. :

encoding

The encoder internally samples the output of the transmit filter and holds each sample on an internal sample
and hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array.
Digital data representing the sample is transmitted on the first eight data clocks bits of the next frame.

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

receive operation

decoding

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

receive filter

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

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

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

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

TYPICAL APPLICATION DATA

output gain set design considerations (see Figure 9)

PWRO + and PWRO — are low-impedance complementary outputs. The voltages at the nodes are:
Vo 4+ at PWRO +
Vo - at PWRO -
Vo = Vo + - VQO- (total differential response)

R1 and R2 are a gain-setting resistor network with the center tap connected to the GSR input.

A value greater than 10 kQ and less than 100 kQ for R1 + R2 is recommended because of the following:
The parallel combination of R1 + R2 and R| sets the total loading.
The total capacitance at the GSR input and the parallel combination of R1 and R2 define a time constant
which has to be minimized to avoid inaccuracies.

VA represents the maximum available digital milliwatt output response (VA = 3.06 V rms).

VO = AV
1 + (R1/R2
Where A = 1+ (R1/R2)
4 + (R1/R2)
T ® PWRO+
Vo+ 2ZR1 TCM2913,
-,I_.- ® TCM2914,
g~ % poOan jome
iERz PCM IN
- & [©] DIGITAL MILLIWATT
R PWRO~ SEQUENCE PER
Vo- CCITT G.711

FIGURE 9. GAIN-SETTING CONFIGURATION
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ADVANCE
INFORMATION

TCM298C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

D2765, APRIL 1986

® Replaces Use of TCM2910A and FEATURE TABLE

TCM2911A in Tandem with TCM2912B/C FEATURE 59013 29G4 [29c16] 25017
Reliable Silicon-Gate CMOS Technology Number of Pins:
Low Power Consumption: zg X X
Operating Mode . . . 80 mW Typical 16 X X
Power-Down Mode . . . 5 mW Typical wlaw/Adaw Coding:
® Excellent Power Supply Rejection Ratio Over ulaw X X X
Frequency Range of 0 to 50 kHz A-law X X X
Data Timing Rates:
® No External Components Needed for Variable Mode
Sample, Hold, and Auto-Zero Functions 64 kHz to 2.048 MHz | X X X X
Fixed Mode
Precision Internal Voltage References 1.536 MMz X X
Direct Replacement for Intel 2913, 2914, 1.544 MHz X X
2916, and 2917 2.048 MHz X X X X
® Formerly TCM4913, TCM4914, TCM4916, gngzgiﬁgammmy X

TCM4917, Respectively

TCM29C13 TCM29C14 TCM29C16, TCM29C17
J DUAL-IN-LINE PACKAGE J DUAL-IN-LINE PACKAGE J DUAL-IN-LINE PACKAGE
(TOP VIEW) (TOP VIEW) {TOP VIEW)
—
1 Jvee veg [t UzaJvee ves [J1 Uss[1 vee =3
2 [ Gsx PWRO+ (]2 23[1GSX PWRO+ [J2  1s[]GSX ‘C_’
3 [ ] ANLG IN— PWRO- [J3  22[JANLG IN— PWRO- [[3  14[] ANLG IN~ - —
4 [1ANLG IN+ GSR[]4  21[JANLG IN+ PDN[Js  13[] ANLG GND (&]
5 '] ANLG GND PON[Js  20[] ANLG GND DCLKR[]s  12[] TSX/DCLKX »
6 [ ASEL CLKSEL[Js  19[JNC pcM IN(Je  ni{JPcm ouT c
7 [] TSX/DCLKX ANLG LOOP[]7  18[] SIGX/ASEL FSR/TSRE[]7  10[] FSX/TSXE °
8 [1PCM OUT SIGR[J8  17[] TSX/DCLKX DGTL GND[J8 o[ CLKR/CLKX —
9 N FSX/TSXE DCLKR[Je  16[]PCM OUT “'u'
10 [ CLKR/CLKX PCM IN[Jio  15[]FSX/TSXE 0
FSR/TSRE 11 14[] CLKX ]
DGTL GND [J1z__13[J CLKR g
TCM29C14 . . . FN PACKAGE E
{TOP VIEW) E
| []
o4 % S
T qpOX 9 —
2222962 )
3 21 |-
GSR{]s 25[] ANLG IN+
NC [Je 24[] ANLG GND
PDN[]7 23[] NC
CLKSEL [18 22[] SIGX/ASEL
ANLG LOOP (]9 21} TSX/DCLKX
SIGR [J10 20[] NC
DCLKR [J11 19[} PCM OUT
3

NC—No internal connection

A
Arad

w
2z
3L
a o

w

w

FSX/TSXE

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.

ADVANCE INFGRMATION documents contain
on new prodi in the li

in th
has

without notice.

or
prepi ion phase of Characteristic
data and other specifications are subject to change

{i;
TeExAas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

Copyright © 1986, Texas Instruments Incorporated

2-

« 9

111



TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

description

The TCM29C13, TCM29C14, TCM29C16, and TCM29C17 are single-chip pulse-code-modulated encoders
and decoders (PCM codecs) and PCM line filters. These devices provide all the functions required to interface
a full-duplex (4-wire) voice telephone circuit with a time-division-multiplexed (TDM) system. These devices
are intended to replace the TCM2910A or TCM2911A in tandem with the TCM2912B/C. 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

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

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

The TCM29C13, TCM29C14, TCM29C16, and TCM29C17 are characterized for operation from 0°C to
70°C.

functional block diagram

TRANSMIT

SECTION UTO
r ZERO
FILTER PCM OUT
ANLG IN+ \ SAMPLE SUCCESSIVE
P | { ! 4 AND HoLp = COMPARA- L 1 “approxi. f— OUTPUT Lol Tst/peLkx

S}NDJID) SUOIEDIUNWWO299 | M

ANLG IN— AND DAC TOR MATION REGISTER
<—+— SIGX/ASEL
GsX I
REFER- . { ANALOG 1
ENCE TO DIGITAL]
< FSX/TSXE
CONTROL SX/TSX
LOGIC < CLKX
__________________ P S
RECEIVE TcontroL
SECTION | SEcTiON
1 FILTER A o 44— CLKSEL
s NTROL | o | omm
GAIN
GSR—11 “er _—\_ [ LOGIC 1e1  anLGLOOP
BUFFER SN, AR
L] biGiTAL PCM IN
— SAMPLE
PWRO+ AND HOLD TO ANALOG INPUT
AND DAC “1 controL REGISTER
LOGIC <+— DLCKR
PWRO— — REFER- | | | oot
ENCE 1 1

vce VBB DGTL oy FSR/TSRE
GND GND CLKRT

TTCM29C14 ONLY

$TCM29C13, TCM29C16, AND TCM29C17 ONLY

{i’
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

PIN

TCM29C13

TCM29C14t

TCM29C16
TCM29C17

NAME

DESCRIPTION

1

2

11

1
2

1

12

(B
[ 2]

[ 3]

[ 5]

I 8]

[ 9l

[10]

1]

2]

[13]

[14]

13 [15]

1

2

VBB
PWRO +

PWRO —

PDN

CLKSEL

ANLG LOOP

SIGR

DCLKR

PCM IN

FSR/TSRE

DGTL GND

CLKR

Most negative supply voltage; inputis =5V *5%.

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

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

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

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

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

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

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

Selects fixed or variable data-rate operation. When this pin is connected
to VBB, the device operates in the fixed-data-rate mode. When DCLKR
is not connected to Vg, the device operates in the variable-data-rate
mode, and DCLKR becomes the receive data clock, which operates at
frequencies from 64 kHz to 2.048 MHz

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

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

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

Receive master clock and data clock for the fixed-data-rate mode. Receive
master clock only for variable-data-rate mode. CLKR and CLKX are
internally connected together for TCM29C13, TCM29C16, and
TCM29C17.

TPin numbers shown in square brackets are for the FN package.
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TCM2901‘3, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

PIN
TCM29C16 NAME DESCRIPTION
TCM29C13 | TCM29C14t
TCM29C17

11 14 [16] 9 CLKX Transmit master clock and data clock for the fixed-data-rate mode.
Transmit master clock only for variable data rate mode. CLKR and CLKX
are internally connected for the TCM29C13, TCM29C16, and TCM29C17.

12 16 (171 10 FSX/TSXE Frame synchronization clock input/time-slot enable for transmit channel.
Operates independently of, but in an analagous manner to, FSR/TSRE.
The transmit channel enters the standby state when FSX is low for 300 ms.

13 16 119] 1 PCM OUT Transmit PCM output. PCM data is clocked out on this output on eight
consecutive positive transitions of the transmit data clock, which is CLKX
in fixed-data-rate timing and DCLKX in variable-data-rate timing.

14 17 [21] 12 TSX/DCLKX [ Transmit channel time slot strobe (output) or data clock (input) for the
transmit channel. In the fixed-data-rate mode, this pin is an open-drain
output to be used as an enable signal for a three-state buffer. In the
variable-data rate mode, DCLKX becomes the transmit data clock, which

2 operates at TTL levels from 64 kHz to 2.048 MHz.

. 15 18 [22] SIGX/ASEL Used to select between A-law and p-law operation. When connected to

VpB, A-law is selected. When connected to Vg or ground, u-law is
";l selected. When not connected to Vg, it is a TTL-level input that is
— transmitted as the eighth bit (LSB) of the PCM word during signaling frames
(13
e on the PCM OUT pin (TCM29C14 only). SIGX/ASEL is internally connected
o to Vgg on TCM29C16 and to ground on TCM29C17.
3 16 20 (24] 13 ANLG GND Analog ground return for all internal voice circuits. Not internally connected
to DGTL GND.

c
2. 17 21 [25] ANLG IN + Noninverting analog input to uncommitted transmit operational amplifier.
8 Internally connected to ANLG GND on TCM29C16 and TCM29C17.
g- 18 22 [26] 14 ANLG IN— Inverting analog input to uncommitted transmit operational amplifier.
3 19 23 [27] 15 GSX Output terminal of internal uncommitted operational amplifier. Internally,
® this is the voice signal input to the transmit filter.
5—3 20 24 (28] 16 Vee Most positive supply voltage, input is 5V + 5%.
(2]
c TPin‘ numbers shown in square brackets are for the FN package.
-
[
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TCM28C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

Supply voltage, VCC (see Note 1) .. ... ... . -0.3Vto 15V
Output voltage, VO . . ... -0.3Vtol15V
Input voltage, Vi . .. oo -0.3Vto1bV
Digital ground voltage . ... ... ... . ... ... -0.3Vto 15V
Continuous total dissipation at (or below) 25°C free-air temperature (see Note 2). ... ... 13756 mW
Operating free-air temperature range (under bias) . . . ....... ... ... ... ... ... —10°C to 80°C
Storage temperature FaNGE . . . . . ..o oottt -65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds. . .. .................. 300°C

NOTES: 1. Voltage values for maximum ratings are with respect to Vgg.
2. For operation above 25°C free-air temperature, derate linearly to 770 mW at 80°C at the rate of 11 mW/°C.

recommended operating conditions

MIN NOM MAX | UNIT

Vce Supply voltage (see Note 3) . 4.75 . 5 5.25 \Y
VBB Supply voltage -4.75 -5 -5.25 \%
DGTL GND voltage with respect to ANLG GND [¢] \4
ViH High-level input voltage, all inputs except CLKSEL 2.2 \Y
ViL Low-level input voltage, all inputs except CLKSEL 0.8 \Y
For 2.048 MH \Y Vpg+0.5
Clock select il z B8 B8
. For 1.544 MHz 0 0.5 \
input voltage
For 1.536 MHz Vee-0.5 Vee
X At GSX 10 kQ
RL Load resistance
At PWRO + and/or PWRO - 300 Q
i At GSX 50
CL Load capacitance pF
AT PWRO + and/or PWRO — 100
TA Operating free-air temperature 0 70| °C

NOTE 3: Voltages at analog inputs and outputs, V¢, and Vgg terminals are with respect to the ANLG GND terminal. All other voltages

are referenced to the DGTL GND terminal unless otherwise noted.

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

supply current, fpCcLK = 2.048 MHz, outputs not loaded

PARAMETER TEST CONDITIONS MIN TYPT mMAX | unIT
Operating 6
Supply current
Icc from V Standby FSX or FSR at V) after 300 ms 0.5 mA
cc Power-down PON VL after 10 xs 03
Operating -6
Supply current
I from V Standby FSX or FSR at V) after 300 ms 0.5 mA
B8 Power-down PDN V)L after 10 ss ~03
Operating . " 60
Power dissipation Standby FSX or FSR at Vy_ after 300 ms 5 mwW
Power down PDN Vy_ after 10 us 3

TAll typical values are at Vgg = -5V, Vg = 5V, and Tp = 25°C.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

{continued)

digital interface

PARAMETER TEST CONDITONS MIN TYPT MAX [ uniT
. DX IoH = —9.6 mA 2.4
Vv High-level output \
OH igh-level output voltage SiGR on = T2 mA 57
VoL  Low-level output voltage at DX, TSX, SIGR loL = 3.2mA 0.4 \
IiH High-level input current, any digital input V| =2.2Vto Vce 10 pA
L Low-level input current, any digial input Vi =0t 08V 10 rA
Cj Input capacitance 5 10 pF
Co Output capacitance 5 pF
transmit amplifier input
PARAMETER TEST CONDITIONS MmN TYPt  mAx | uniT
Input current at ANLG IN+, ANLG IN— Vi = -217Vt0 217V +100 nA
Input offset voltage at ANLG IN+, ANLG IN — V= -217Vto 217V +25 mV
Common-mode rejection at ANLG IN+, ANLG IN - V)= -217Vt0 217V 55 dB
Open-loop voltage amplification at GSX 5000
Open-loop unity-gain bandwidth at GSX 1 MHz
Input resistance at ANLG IN+, ANLG IN— 10 MQ
receive filter output
PARAMETER TEST CONDITIONS MIN TYPT mMAX | uNIT
Output offset voltage PWRO +, PWRO - (single-ended) Relative to ANLG GND 80 mV
Output resistance at PWRO +, PWRO — 1 Q

$1N2JIY) SUOHEIIUNWIWO993 | E

TAll typical values are at Vgg = ~5V, Vee = 5V, and Tp = 25°C.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

gain and dynamic range, Vgc = 5V, VBB = =5V, TA = 25°C (unless otherwise noted)
(see Notes 4, 5, and 6)
PARAMETER TEST CONDITIONS MIN TYP MAX [ UNIT
E illiwatt Signal input = 1.064 V for p-l
ncoder» mi 'lwa response !gna !npu rms for p-law 004 202 | dBmo
({transmit gain tolerance) Signal input = 1.068 V rms for A-law
o TA = 00 B
Encoder milliwatt response A ‘O C to 70°C, +0.08 B
(nominal supplies and temperature) Supplies = +5%
Digital milliwatt ive tol i Si i t CCITT G.711,
igi Ia milliwa respon}se((recenve o»erance gain) igna mF)u per +0.04 202 | gBmo
relative to zero-transmission level point Output signal = 1 kHz
Diai — — - Ti =00 °C,
igital milliwatt resporfse variation with A .0 C to 70°C +0.08 o8
temperature and supplies Supplies = +5%
L p-law 2.76
Zero-t -level RL = 600 @
e.ro ransmls.suon eve e L 375
point, transmit channel v 100 dBm
1% .
0 dBmO RL = 900 @
(0 dBm0) Alaw - 7.03
- 5.76
Zero-transmission-level paw R = 600 Q
X X A-law 5.79
point, receive channel 7 200 dBm
-law .
(0 dBmo0) i RL = 900 0
A-law 4.03

NOTES: 4. Unless otherwise noted, the analog input is a O-dBan, 1020-Hz sine wave, where 0 dBmO is defined as the zero-reference
point of the channel under test. This corresponds to an analog signal input of 1.064 V rms, or an output of 1.503 V rms.
5. The input amplifier is set for unity gain, noninverting. GSX is connected to ANLG IN —. Signal input is ANLG IN +. The digital

input is a PCM bit stream generated by passing a 0-dBmO, 1020-Hz sine wave through an ideal encoder.

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

ts IR

ircui

GSR is connected to PWRO — and the output is taken at PWRO +. All output levels are (sin x)/x corrected. o
gain tracking over recommended ranges of supply voltage and operating free-air temperature, reference "
level = —10 dBmO g

PARAMETER TEST CONDITIONS MIN MAX UNIT ."g
-3 to —~40.dBmO +0.25 Q
Transmit gain tracking error, sinusoidal input —40 to —50 dBmO +0.5 dB 'E
-50 to —55 dBmO +1.2 =
~3to ~40 dBm0 +0.25 £
Receive gain tracking error, sinusoidal input —40 to —50 dBmO +0.5 dB E
—50 to —55 dBmO +1.2 (o)
Q
2
(V]
=
3
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

PARAMETER TEST CONDITIONS MIN MAX | UNIT

Transmit noise, C-message weighted ANLG IN+ = ANLG GND, 15 | dBrnCO
ANLG IN- = GSX

Traﬁsmit noise, C-message weiighted with eighth-bit ANLG IN+ = ANLG GND,

signaling (TCM29C14 only) ANLG IN- = GSX, 18 | dBrnCO
6th frame signaling

Transmit noise, psophometrically weighted ANLG IN+ = ANLG GND, —75 | dBmOp
ANLG IN- = GSX
PCMIN = 11111111 (p-law)

Receive noise, C-message weighted quiet code PCM IN = 10101010 (A-law) 11 | dBrnCO
measured at PWRO +

Receive noise, C-message weighted sign Input to PCM IN is zero code with sign bit

bit toggled ' toggled at 1-kHz rate 12 | dBrnCO

Receive noise, psophometrically weighted PCM = lowest positive decode level -79 | dBmOp

power supply rejection and crosstalk attenuation over recommended ranges of supply voltage and

operating free-air temperature

PARAMETER TEST CONDITIONS MIN TYPt MAX | UNIT

Ve supply voltage f = 0 to 30 kHz Idle channel, ~30
rejection ratio, supply signal = 200 mV p-p, dB
transmit channel f = 30 to 60 kHz  measured at PCM OUT —45
VBB supply voltage f = 0 to 30 kHz Idle channel, 30
rejection ratio, supply signal = 200 mV p-p, dB
transmit channel f = 30 to 50 kHz f measured at PCM OUT —55
V.CC ?‘.upply.voltage f = 0 to 30 kHz Idle char:nel, , ~20
rejection ratio, supply signal = 200 mV p-p, dB
receive channel narrow-band, f measured .

. f = 30 to 50 kHz _45
(single-ended) at PWRO +
V?B éupply -voltage £ = 0 to 30 kHz Idie char?nel, ~20
rejection ratio, supply signal = 200 mV p-p, dB
ref:eive channel § = 30 to 50 KHz narrow-band, f measured —45
(single-ended) at PWRO +

ANLG IN+ = 0 dBmO,
Crosstalk attenuation, transmit-to-receive f = 1.02 kHz, unity gain, 7 B
({single-ended) \fCM IN = lowest decode level,
measured at PWRO +

Crosstalk attenuation, receive-to-transmit PCM IN = 0 dBmo,

R f = 1.02 kHz, 71 dB
{single-ended) Measured at PCM OUT

TAIl typical values are at Vgg = ~5V, Vgc = 5V, and Tp = 25°C.

18
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

PARAMETER TEST CONDITIONS MIN TYPY MAX | uNIT
o . . . . . ANLG IN+ = O to —30 dBmO 36
Transmit signal to distortion ratio, sinusoidal
: ANLG IN+ = -30 to —40 dBmO 30 dB
input (see Note 7)
ANLG IN+ = —40 to —45 dBmO 25
X X . . . ANLG IN+ = 0 to —30 dBmO 36
Receive signal to distortion ratio, sinusoidal
inout { Note 7) ANLG IN+ = O to —40 dBmO 30 dB
input fsee Tote ANLG IN+ = O to - 45 dBmO 25
Transmit single-frequency distortion products | AT&T Advisory #64 (3.8), Input signal = 0 dBmO -46 | dBmO
Receive single-frequency distortion products | AT&T Advisory #64 (3.8), Input signal = 0 dBmO —46 | dBmO
CCITT G.712 (7.1) -35 dBmo
Intermodulation distortion, end-to-end CCITT G.712 (7.2) -49 ™
Spurious out-of-band signals, end-to-end CCITT G.712 (6.1) -25 dBmO
m
CCITT G.712 (9) -40
Fixed data rate, f = 2.048 MHz,
Transmit absolute delay time to PCM OUT rate, ICLKX ‘ 245 us
Input to ANLG IN+ = 1.02 kHz at 0 dBmO
f = 500 Hz to 600 Hz 170
Transmit differential envelope delay time f = 600 Hz to 100 Hz 95
relative to transmit absolute delay time f = 100 Hz to 2600 Hz 45 1s 2
f = 2600 Hz to 2800 Hz 105
Fixed data rate, f = 2.048 MHz,
Receive absolute delay time to PCM OUT I?(, Aa ! .e CLKR : 190 us n
Digital input is DMW codes =
f = 500 Hz to 600 Hz 45 3
Receive differential envelope delay time f = 600 Hz to 100 Hz 35 2
relative to transmit absolute delay time f = 1000 Hz to 2600 Hz 85 us )
f = 2600 Hz to 2800 Hz 110

TAll typical values are at Vgg = -5V, Vc¢ =

NOTES: 7. CCITT G.712 — Method 2.
8. CCITT G.712 — Method 1.

transmit filter transfer over recommended ranges of supply voltage and operating free-air temperature

(see Figure 1)

5V, and Tp = 25°C.

Telecommunications C

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

PARAMETER TEST CONDITIONS MiIN MAX | UNIT
16.67 Hz - 30
50 Hz - 25
Input amplifier set for 60 Hz . —-23
. . X unity gain, Noninverting 200 Hz -1.8 -0.125
Gain relative to gain ! X

at 1.02 KHz maximum gain output, 300 Hz to 3 kHz -0.125 0.125 | dB
Input signal at PCM IN 3.3 kHz -0.35 0.03
is 0 dBmO 3.4 kHz -0.7 -0.1
4 kHz -14
4.6 kHz and above -32

TEXAS 2-119
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

receive filter transfer over recommended ranges of supply voltage and operating free-air temperature

(see Figure 2)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
Below 200 Hz 0.125
200 Hz -0.5 0.125
300 Hz to 3 kHz -0.125 0.125
Gain relative to gain at 1.02 kHz | Input signal at PCM IN is O dBmO 3.3 kHz -0.35 0.03 dB
3.4 kHz -0.7 -0.1
4 kHz- -14
4.6 kHz and above -30

clock timing requirements over recommended ranges of supply voltage

temperature (see timing diagrams)

and operating free-air

MIN TYPT mMAX

SUNDJI) SUOREIIUNWIWOI3IS | M

PARAMETER UNIT
te(CLK) Clock period for CLKX, CLKR {2.048-MHz systems) 488 ns
tr, 4 Rise and fall times for CLKX and CLKR 5 30 ns
tw(CLK) Pulse duration for CLKX and CLKR (see Note 9) 195 ns
tw(DCLK) Pulse duration for DCLK (fpcLg = 64 Hz to 2.048 MHz) (see Note 9) 195 ns

Clock duty cycle [ty(CLK)/tc(CLK)] for CLKX and CLKR 40 50 60 %
transmit timing requirements over recommended ranges of supply voltage and operating free-air
temperature, fixed-data-rate mode (see timing diagrams)

PARAMETER MiN MAX UNIT
td(FSX) Frame sync delay time o] te(CLK)—100{ ns
tsu(SIGX) Setup time before Bit 7 falling edge (TCM29C14 only) 0 ns
th(SIGX) Hold time after Bit 8 falling edge (TCM29C14 only) 0 ns

propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode
(see timing diagrams)
PARAMETER TEST CONDITIONS MIN MAX UNIT
From rising edge of transmit clock to Bit 1 data valid at
tpd1 PCM OUT (data enable time on time slot entry) (see Note 10) CL = 010 100 pF ° 145 ns
From rising edge of transmit clock Bit n to Bit n + 1 data _
92 {alig at PCM OUT (data valid time) CL = 0to 100 pF ° 145 1 s
¢ From falling edge of transmit clock Bit 8 to Bit 8 Hi-Z at =0 60 218 ns
pd3 PCM OUT (data float time on time slot exit) (see Note 10) L
N From rising edge of transmit clock Bit 1 to TSX active G = 0 to 100 pF ° 145
pd4 (low) (time slot enable time) L ° P ns
+ From falling edge of transmit clock Bit 8 to TSX inactive o -0 60 190 n
pd5 (high) (timeslot disable time) (see Note 10) L °
N From rising edge of channel time slot to SIGR update o 2 s
Pd6  (TCM29C14 only) ¥

temperature, fixed-data-rate mode (see timing diagrams)

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

PARAMETER MIN MAX | UNIT
td(FSR) Frame sync delay time (o] te(CLK)~100| ns
tsu(PCM IN) Setup time before Bit 7 falling edge (TCM29C14 only) 10 ns
th(PCM IN)  Hold time after Bit 8 falling edge (TCM29C14 only) 60 ns

T Al typical values are at-Vgg = -5V, Voc = 5V, and Tp = 25°C.

NOTES: 9. FSX CLK must be phase locked with the CLKX. FSR CLK must be phase locked with CLKR.

10. Timing parameters tpq1, tpd3, and tpgs are referenced to the high-impedance state.
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TCM29C13, TCM29C14, TCM23C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

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

PARAMETER MIN MAX UNIT
t4(TSDX) Timeslot delay time from DCLKX (see Note 11) 140  tqipcLkx) - 140 ns
td(FSX) Frame sync delay time 100 te(cLk)— 100 ns
te(DCLKX)  Clock period for DCLKX 488 15620 ns

propagation delay times over recommended ranges of operating conditions, variable-data-rate mode
(see Note 12 and timing diagrams)

PARAMETER TEST CONDITIONS MIN MAX | UNIT
tpd7 Data delay time from DCLKX CL = 0 to 100 pF 0 100 ns
tpd8 Data delay from timeslot enable to PCM OUT CL = 0 to 100 pF 0 50 ns
tpd9 Data delay from time slot disable to PCM OUT CL = 0 to 100 pF o] 80 ns
tpd10  Data delay time from FSX td(TSDX) = 80 ns 0 140 ns

receive timing requirements over recommended rériges of supply voltage and operating free-air
temperature, variable-data-rate mode (see timing diagrams)

ts X1

PARAMETER MIN MAX UNIT
td(TSDR) Timeslot delay time from DCLKR (see Note 13) 140  t4(DCLKR) - 140 ns
t4(FSX) Frame sync delay time 100 te(CLK) — 100 ns
tsu(PCM IN) Setup time before Bit 7 falling edge 10 ns
th(PCM IN)  Hold time after Bit 8 falling edge 60 ns *
te(DCLKR)  Clock period for DCLKR 488 15620 ns

Timeslot end receive time 0 ns =

ircul

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

PARAMETER TEST CONDITIONS MIN MAX | UNIT

. - . FSX = TTL high for
trsLx ~ Transmit frame sync minimum down time X 488 ns
remainder of frame

. . . FSR = TTL high for
trstR  Receive frame sync minimum down time X 19562 ns
remainder of frame

tpcLK  Pulse duration, data clock 10 us

NOTES: 11. tgg x minimum requirement overrides the tq(TSpX) Maximum requirement for 64-kHz operation.
12. Timing parameters tpqg and tpqg are referenced to a high-impedance state.
13. tFSLR minimum requirement overrides the tg(TSpR) maximum requirement for 64-kHz operation.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER
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This is a typical transfer function of the receive filter component.

FIGURE 2. TRANSFER CHARACTERISTIC OF THE RECEIVE FILTER
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
'COMBINED SINGLE-CHIP PCM CODEC AND FILTER
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FIGURE 4. RECEIVE TIMING (FIXED-DATA-RATE)

NOTE: Inhputs are driven from 0.45 V to 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low

level is indicated.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

GENERAL OPERATION

system reliability features

The TCM29C13, TCM29C14, TCM29C16, or TCM29C17 is powered up in four steps:
Vcc and VBB supply voltages are applied.
All clocks are connected.
TTL high is applied to PDN.
FSX and/or FSR synchronization pulses are applied.

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

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

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

power-down and standby operations

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

For power down, an external low signal is applied to the PDN pin. It is not sufficient to remove the high

voltage to PDN. In the absence of a signal, the PDN pin floats to high and the device remains active. In
the power-down mode, the average power consumption is reduced to an average of 5 mW.

The standby modes give the user the option of putting the entire device on standby, putting only the transmit

" channel on standby, or putting only the receive channel on standby. To place the entire device on standby,

both FSX and FSR are held at low. For transmit-only operation, FSX is high and FSR is held low. For receive-
only operation, FSR is high and FSX is held low. See Table 1 for power down and standby procedures.

TABLE 1. POWER DOWN AND STANDBY PROCEDURES

$1IN2J19) SUONEIIUNWWOD3d | E

DEVICE PROCEDURE TYPICAL POWER DIGITAL OUTPUT STATUS
STATUS CONSUMPTION
JR— X PCM T i high-i tate;
Power down BN is low 3 mw TSX and ou faret in a high-impedance state
SIGR goes to low within 10 us.
. - FSX and FSR TSX and PCM OUT are in a high-impedance state;
Entire device on standby 3 mw L
are low SIGR goes to low within 300 ms.
FSX is low, TSX and PCM OUT are placed i high-impedance
Only transmit on standby S fs c"w 50 mW an. X e pla in @ high-impecanc
FSR is high state within 300 ms.
FSR is low, SIGR is placed in a high-impedance state
Only receive on standby o 30 mW o 'SP '9 P © sta
FSX is high within 300 ms.
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TCM29C13, TCM239C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

fixed-data-rate timing (see Figure 7)

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

The clock selection pin (CLKSEL) is used to select the frequency of CLKX and CLKR (TCM29C13 and
TCM29C14 only). The TCM29C13 and TCM29C14 fixed-data-rate mode can operate with frequencies
of 1.5636 MHz, 1.544 MHz, or 2.048 MHz. The TCM29C16 and TCM29C17 fixed data rate mode operates
at 2.048 MHz only.

192/193/256
OTHER

e TSIX—— e qiors ] \. L

CLKXWMWWM
12 3 4 5 6 7 8 1 2 3 45 6 7 8
192/193/256 XMIT SIGNAL FRAME

Fsx J 1 "

B7 Bg SIGX

PeM oUT Z X OXCOOCOOOOOC T - " - " - T T C
By Bz B3 B4 B5 B By Bg

TSX \ Vauis 1F _
o o l DON'T cARE
Stex Tt TTT 4 A S | H0, Cu X ———
DON'T CARE
192/193/256 '

THER

TSR f——rimisiors— A L —
J UM

CLKR QUL rirgyy,
1123456789 1 2 3 45 6 7 8
192/193/256 . REC. SIGNAL FRAME
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- SIGR
PeM IN — XOOOOOOOOC - T T TT i
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FIGURE 7. SIGNALING TIMING (FIXED-DATA-RATE ONLY)

Texas ‘Q’
INSTRUMENTS

POST OFFICE BOX 225012 @ DALLAS, TEXAS 75265

N |

ircul

Telecommunications C

2-127



TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

variable data rate timing

$3IN2419) SUONEOIUNWWOD3d | N

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

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied
from G4 kHz to 2.048 MHz. The bit clocks can be asynchronous in the TCM29C14, but must be
synchrorous in the TCM29C13, TCM29C16, and TCM29C17. Master clocks in types TCM29C13 and
TCM29C1 are restricted to frequencies of operation of 1.536 MHz, 1.544 MHz, or 2.048 MHz as in the
fixed-data-rate timing mode. The master clock for the TCM29C16 and TCM29C17 is restricted to
2.048 MHz.

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

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

signaling

The TCM29C14 (only) provides 8th-bit signaling in the fixed-data-rate timing mode. Transmit and receive
signaling frames are independent of each other and are selected by a double-width frame sync pulse on
the appropriate channel. During a transmit signaling frame, the signal present on SIGX is substituted for
the least significant bit (LSB) of the encoded PCM word. In a receive signaling frame, the codec will decode
the seven most significant bits in accordance with CCITT G.733 recommendations, and output the logical
state of the LSB on the SIGR pin until it is updated in the next signaling frame. Timing relationships for
signaling operations are shown n Figure 9. The signaling path is used to transmit digital signaling information
such as ring control, rotary. dial pulses, and off-hook and disconnect supervision. The voice path is used
to transmit prerecorded messages as well as the call progress tones; dial tone, ring-back tone, busy tone,
and re-order tone.

asynchronous operation

The TCM29C14 can be operated with asynchronous clocks in either the fixed- or variable-data-rate modes.
In order to avoid crosstalk problems associated with special interrupt circuits, the design of the TCM29C13
and TCM29C14 includes separate digital-to-analog converters and voltage references on the transmit and
receive sides to allow completely independent operation of the two channels.

In either timing mode, the master clock, data clock, and timeslot strobe must be synchronized at the
beginning of each frame. Specifically, in the variable-data-rate mode the rising edge of CLKX must occur
within td(FSX) ns before the rise of FSX, while the leading edge of DCLKX must occur within tTSpDX ns
of the rise of FSX. CLKX and DCLKX are synchronized once per frame but may be of different frequencies.
The receive channel operates in a similar manner and is completely independent of the transmit timing
(see variable data rate timing diagrams). This approach requires the provision of two separate master clocks
but avoids the use of a synchronizer, which can cause intermittent data conversion errors.
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

analog loopback

A distinctive feature of the TCM29C14 is its analog loopback capability. With this feature, the user can
test the line circuit remotely by comparing the signals sent into the receive channel (PCM IN) with those
generated on the transmit channel (PCM OUT). The test is accomplished by sending a control signal that
internally connects the analog input and output ports. WhenANLG LOOP is TTL high, the receive output
(PWRO +) is internally connected to ANLG IN +, GSR is internally connected to PWRO —, and ANLG IN —
is internally connected to GSX (see Figure 8).

l PCM

AD | ouT

DIGITIZED
PCM
LOOPBACK
RESPONSE

TRANSMIT
VOICE

\ 4

PWRO +

PCM
IN

fem

4 4
-

DIGITIZED
PCM
TEST TONE

PWRO-—-

3
§ < D/A

Ircan

FIGURE 8. TCM29C14 ANALOG LOOPBACK CONFIGURATION

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

precision voltage references

No external components are required with the TCM29C13, TCM29C14, TCM29C16, and TCM29C17 to
provide the voltage references. Voltage references that determine the gain and dynamic range characteristics
of the device are generated internally. A difference in subsurface charge density between two suitably
implanted MOS devices is used to derive a temperature- and bias-stable reference voltage. These references
are calibrated during the manufacturing process.Separate references are supplied to the transmit and receive
sections, and each is calibrated independently. Each reference value is then further trimmed in the gain
setting operational amplifiers to a final precision value. Manufacturing tolerances can be achieved of typically
+0.04 dB in absolute gain for each half channel, providing the user a significant margin to compensate
for error in other board components.

Telecommunications C
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TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

conversion laws

The TCM29C13 and TCM29C14 provide pin-selectable u-law operation as specified by CCITT G.711
recommendation. A-law operation is selected when the ASEL pin is connected to VR. Signaling is not
allowed during A-law operation. The TCM29C16.is p-law only. The TCM29C17 is A-law only.

The u-law operation is effectively selected by not selecting A-law operation. If the ASEL pin is connected
to vge or GND, the device is in u-law operation. If u-law operation is selected, SIGX is a TTL-level input
that can be used in the fixed data rate timing mode to modify the LSB of the PCM output is signaling frames.

transmit operation
transmit filter

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

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

The passband section provides flatness and stopband attenuation that fulfills the AT&T D3/D4 channel
bank transmission specification and CCITT recommendation G.712. The TCM29C13, TCM29C14,
TCM29C16, and TCM29C17 specifications meet or exceed digital class 5 central office switching systems
requirements.

A high-pass section configuration was chosen to reject low-frequency noise from 50- and 60-Hz power
lines, 17-Hz European electric railroads, ringing frequencies and their harmonics, and other low-frequency
noise. Even with the high rejection at these frequencies, the sharpness of the band edge gives low
attenuation at 200 Hz. This feature allows the use of low-cost transformer hybrids without external
components. :

encoding_

The encoder internally samples the output of the transmit filter and holds each sample on an internal sample
and hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array.
Digital data representing the sample is transmitted on the first eight data clocks bits of the next frame.

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

$1IN2419) SUOIIBIIUNWIWOI9|d | M

receive operation
decoding

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

receive filter

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

{iP
2-130 ‘ Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TCM29C13, TCM29C14, TCM29C16, TCM29C17
COMBINED SINGLE-CHIP PCM CODEC AND FILTER

receive output power amplifiers

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

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

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

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

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

N |

ircui

R1 and R2 are a gain-setting resistor network with the center tap connected to the GSR input.

A value greater than 10 kQ and less than 100 k@ for R1 + R2 is recommended because of the following:

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

VA represents the maximum available digital milliwatt output response (Vo = 3.06 V rms).

Telecommunications C

VoD = A-Va
Where A = -+ (R1/R2)
" 4 + (R1/R2)
o ©] .
Vor 3R TCM29C13,
4 ) ® TCM29C14,
I SNC
$R2 PCM IN
- @ ® DIGITAL MILLIWATT
T PWRO— SEQUENCE PER
Vo- COITT 6.711

FIGURE 9. GAIN-SETTING CONFIGURATION
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TCM3101
FSK MODEM

D2866, AUGUST 1985—REVISED FEBRUARY 1986

NOT RECOMMENDED FOR NEW DESIGN

For new design, refer to TCM3105

description

The TCM3101 is a single-chip asynchronous
Frequency Shift Keying (FSK) modem that uses
silicon gate CMOS technology to implement a
switched capacitor architecture. It is pin
selectable (TXR1, TXR2, and TRS inputs) for a
wide range of transmit/receive baud rates and
is compatible with the applicable Bell 202 or
CCITT V23 specifications. Operation is fully
reversible, thereby allowing both forward and
backward channels to be used simultaneously.

The transmitter is a programmable frequency synthesizer that provides two output frequencies (on TXA),

DUAL-IN-L"\]]E PACKAGE
(TOP VIEW)
vpp [ Uie[J 0sc2
CLk[J2  1s[Josct
coT[]s  1a[JTXD
RXA[Ja  13[] TXR1
TRS[J5  12[] TXR2
NC[Je  11[JTXA
rRxB[]7 1o[]cDL
RXD s 9] Vvss

NC—No internal connection

representing the ‘marks’ and ‘spaces’ of the digital signal present on the TXD input.

The receive section is responsible for the demodulation of the analog signal appearing at the RXA input
and is based on the principle of frequency to voltage conversion. This section contains a group delay equalizer
(to correct phase distortion), automatic gain control, carrier detect level adjustment, and bias distortion
adjustment, thereby optimizing performance and giving the lowest possible bit error rate.

Carrier-detect information is given to the system by means of the carrier-detect circuits, which set a flag
on the CDT output if the level of received in-band energy falls below a value set on the CDL input for

a specified minimum duration.

[

frcut

Telecommunications C

‘% \ 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 TE

standard warranty. Production processing does not lN STRUMENTS

necessarily include testing of all parameters.
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TCM3101

FSK MODEM

PIN
DESCRIPTION
NO. NAME SC o
1 Vpp Positive supply voltage
2 CLK Output for a continuous clock signal output at 19.11 kHz (9.56 kHz for CCITT V23 600 baud)
3 CDT Carrier Detect Output, a low-level output that indicates carrier failure
4 RXA Receive Analog Input to which the received line signal must be ac coupled
5 TRS Transmit/Receive Standard Select Input, which, with TXR1 and TXR2, sets the standard bit rates and
mark/space frequencies
6 NC No internal connection
7 RXB Receive Bias Adjust for external adjustment of the decision threshold of the final comparator to minimize bias
distortion
8 RXD Receiver Digital Output for the demodulated received data in positive logic. The high logic level is a mark and
the low logic level is a space.
9 Vgs Supply voltage (normally ground), connected to substrate
10 CDL Carrier Detect Level Adjust for external adjustment of carrier detect threshold
11 TXA Transmit Analog Output for the modulated signal, which must be ac coupled
12 TXR2 Bit Rate Select 2 input, which, along with TXR1 and TRS, sets the bit rates and mark/space frequencies
13 TXR1 Bit Rate Select 1 input, which, along with TXR2 and TRS, sets the bit rates and mark/space frequencies
2 14 TXD Transmit Digital Input for input data to the transmitter in positive logic. The high logic level is a mark and the
low logic level is a space. The data can be accepted at any speed from zero to the selected speed and may be
. totally asynchronous.
;‘ 15 0SC1 Oscillator connections. The crystal (typically 4.4336 MHz) is connected to these pins. If an external clock is
EF 16 0sC2 used, OSC1 is left open and the clock is connected to OSC2. .
(2}
g
c
=}
-
o
Q
-
(=
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3
»
5
(1}
£
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TCM3101

functional block diagram
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oiGiTaL Txp MOD::J?.ATOR TO ANALOG FI)I(.¥ZR Lgvlv;::s 10 Txa anaLoG
INPUT CONVERTER OuTPUT
RECEIVE
BIAS o (7)
ADJUST @ RECEIVE
RECEIVE pr—— COMPARATOR |— RXD DIGITAL
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TCM3101
FSK MODEM

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

Supply voltage, Vpp (see Note 1)
Input voltage, Vi (any input)
Operating free-air temperature range
Storage temperature range

NOTE 1: All voltage values are with respect to Vgg.

recommended operating conditions

-10°C to

-0.3Vto 10V
-0.3to Vpp

70°C

-55°C to 150°C

MIN  NOM  MAX |UNIT
Clock frequency, felock 4.4334 4.4336 4.4338| MHz
Supply voltage, Vpp 4 5 5.5 \%
High-level input voltage, V|4 2 Vpp \Z
Low-level input voltage, V| o 08| V
Analog input level, peak-to-peak (ac coupled) 0.3 0.78 \
Analog load impedance at TXA 50 kQ
Operating free-air temperature range, Ta -10 70 | °C

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

(unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
VoH High-Level output voltage | RXD, CDT, CLK loy = ~100 A, Vpp =5V 2.4 VpD \%
VoL Low-level output voltage | RXD, CDT, CLK loL = 1.6 mA, Vpp = 5V Vss 04| V
Vpp = 4V RL = 50 kg, 1.3
Analog output voltage level, peak-to-peak Vpp = 5V CL = 100 pF 1.4 1.6 2 \%
Vpp = 5.5V 1.76
Adjust voltage RX8 “Vpp =5V 25 27 3 \
CDL 2 3.2
Analog output dc offset Vpp/2 \
Digital input current Vi = 0to Vpp +1 | pA
Analog input current +16 | pA
Bias input current ] RXB, CDL 100 150 | pA
Vpp = 4V 2 4
Ibp Supply current Vpp =5V 4 6 | mA
Vpp = 5.5V 6 8
Ci Input capacitance, all inputs f=1MHz 10 pF
Co Output capacitance, all outputs f=1MHz 10 pF
Phase jitter 200 | ps
Bias distortiont 15%
. Carrier detect threshold, off-ont —-45.5 —43 | dBm
Carrier detect threshold, on-off# -48 -45.5 | dBm
Carrier detect hysteresis 2.5 2.8 dBm
td(off-on) Carrier detect de\|ay time RX = 600 or 1200 bps 12 25| ms
td(on-off) Carrier detect delay time 12 20 ms

Bias distortion is the departure from a 50% duty cycle when a series of alternating mark and space tones are received.
$This is the threshold with the CDL input properly adjusted.
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TCM3101
FSK MODEM

PRINCIPLES OF OPERATION

The TCM3101 FSK modem is made up of four functional circuits. The circuits are the transmitter, the receiver,
a carrier detector, and control and timing (See Figure 1).

BIAS ADJUST

ANALOG INPUT

LEVEL ADJUST

TXR1, TXR2, TRS
MASTER CLOCK (INTERNAL)

DIGITAL INPUT

transmitter

The transmitter comprises a phase coherent FSK modulator, a transmit filter, and a transmit amplifier.
The modulator is a programmable frequency synthesizer that derives the output frequencies by variable
division of the oscillator frequency (4.4336 MHz). The division ratio is set by the states of the
Transmit/Receive Standard input (TRS), the Bit Rate Select inputs (TXR1 and TXR2), and the Digital Data

input (TXD).

The transmit frequency assignments are given in Table 1. The data convention is that a high logic level

(7)
RXB
(4) RECEIVER 8) RXD
RXA
CARRIER (3)
(10) CcDT
coL DETECTOR
(13)(12)(5) TIMING @)
AND CLK
CONTROL
14 (11)
TXD (19) TRANSMITTER |—— TXA

FIGURE 1. TCM3101 SYSTEM PARTITIONING

equals a mark and a low logic level equals a space.

TABLE 1. TRANSMIT FREQUENCY ASSIGNMENTS

DIGITAL OUTPUT

DETECT OUTPUT

CLOCK OUTPUT

ANALOG OUTPUT

Telecommunications Circuits m

TRS STANDARD TXR1 TXR2 TRANSMITTER BIT RATE TXD TX FREQUENCY (Hz)
H M 390
H t 78 L S 450
H M 1300
LorH | CCITT V23 L H 600 L s 1700
H M 1300
L L 1200 L s 2100
H M 387
H L 150 L s 487
CLK BELL 202 ., H M 1200
L X 1200 L s 2200
TRANSMITTER
X H H ° X DISABLED

A switched-capacitor low-pass filter limits the harmonics and noise outside the transmit band and the
characteristics of this filter are set by the frequency select inputs as previously described. The harmonics
introduced by the transmit filter clock are removed by a continuous low-pass filter.

The transmitter output level varies with power supply voltage and so must be compensated in the 2-wire
to 4-wire converter to give a constant output level to the line.

{ip
Texas
INSTRUMENTS
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TCM3101
FSK MODEM

receiver

A continuous low-pass anti-aliasing filter is followed by the receive amplifier, which automatically controls the
gain to give a constant output level from the receive filter. The receive filter limits the bandwidth of the signal
presented to the demodulator, reducing out-of-band interference, and has very high rejection of 75- and 150-baud
backward channel frequencies. These are typically present at much higher levels than the received signal. The
receiver bit rate assignments are given in Table 2.

$3IN2419) SUOHEIIUNWWO3Id | N

TABLE 2. RECEIVER BIT RATE ASSIGNMENTS

TRS | STANDARD RECEIVE BIT RATE | CLK FREQUENCY (kHz)
H CCITT V23 600 9.56
L CCITT V23
CLK BELL 202

1200 19.11

The group delay equalizer is a switched-capacitor network that compensates the delay introduced by the
receive filter and the network. The output from the equalizer is then limited to give an FSK modulated
squarewave that is presented to the demodulator.

The demodulator is an edge-triggered multivibrator that triggers off positive- and negative-going edges.
The output of the demodulator is, therefore, a stream of constant-length pulses at a frequency that is
double the frequency of the limited input signal. The dc component of this signal is proportional to the
received frequency and is extracted by a switched-capacitor, low-pass, post-demodulator filter.

The variation of dc level with received frequency is presented to a comparator that slices at a level externally
fixed by the RXB bias adjustment pin. This voltage depends on received bit rate and internal offsets. The
comparator output is then the received data at the RXD output.

carrier detect

The carrier detect circuits comprise an energy detector and digital delay. The energy detector compares
the total signal level at the output of the receive filter to an externally set threshold level on the CDL input.
The comparator has a 2.5-dB hysteresis and a delay to allow for momentary signal loss and to prevent
oscillation. The output of the detector is available on the CDT pin where a high level indicates that a carrier
is present.

control and timing

An on-chip oscillator runs from an external 4.4336-MHz crystal connected between the OSC1 and OSC2
pins or an external signal driving OSC1. A clock signal equal to 16 times the selected receive bit rate is
avallable on the CLK output.

The single-supply rail means that all analog functions are referenced to an internally generated reference.
All analog inputs and output must be ac coupled.

2-138
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TCM3101
FSK MODEM

TYPICAL APPLICATION INFORMATION

Vpp Vbb
=(7)7| luo)':
RX

B CDL
5 1
Voo, Vss, OR cLK 21— trs voo P —vpp
""l (LK} (S
14
p— xp 12
[ —1 2-WIRE
LINE
LINE JSIGNALING TERMI- T0 TCM3101 UART
NATION 4-WIRE FSK MODEM
1 —] CONVERTER 8) .
RXD »>-
(4)
—D{e——RXA
(2)
CLK 3 >
1
TXR1( ) <
TxR2 12 <
cot 2 —

0SC1 0sc2 Vss

‘ys) (16)Jis)

0
TT

MICRO-
PROCESSOR

< IS
<

FIGURE 2. TYPICAL SYSTEM CONFIGURATION
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TCM3101

FIGURE 3. TELEPHONE LINE INTERFACE CIRCUIT

TYPICAL APPLICATION INFORMATION
30 pF — ~ 30 pF
(15) | (16) 5v
OSCL 0sC2
RECEIVE ®) 7)
DATA —4——] RXD RXB 100 ke
TraNsMIT 14 1p = ZT_300¢0
DATA TCM3101 5V 2
(N} A
Vbbp
5V TX GAIN ADJ
100 k2 S22 coL 3?""/
0.1 uF 250 k2
1 100 k2
= TXA ———IG'VV\‘—-G AN~
CARRIER (3) 100 k22
DETECT+_(5) cot 100 ke l\ _22_1'_= 300
» TRS 3 u1B AN
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seLect J 2 TXR1 A ] zr'g +
MODE J—p 12 1y,
(BIT RATE 2) W
- AND CLK z'$
@ STANDARD) Vgs RXA J‘ \
- + S0k 100k
) _L(e) (4) b3 Q
o = RX GAIN ADJ
o - ~ 0.1 uF AN A
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TCM3101

FSK MODEM
TYPICAL APPLICATION INFORMATION
30 pF :D—E »{ D I_‘ Ql A T
= (15) |(16)
0SC1_ 0SC2 L=
TXA Z1=600Q
5V ANA- R
7)
100 k2 RXB .
22T
= v
5V bo
100 k&2 ?1—% coL 20
= TCM3101 5V
A L
(8) 247k
RECEIVE DATA —4— RXD 3
TRANSMIT DATA —p3Y Txp m——?
ARCLE)] PO ‘: |
> 10 uF
STANDARD AND (73] . 0.1 uF / a7k03 u
BIT RATE ) @)
—»2U TRs RXA —-K—« uiB 4
CARRIER DETECT —4(3—’ cDT N W =
) 100 k0
(2) 100 k@
CLOCK —<4—] CLK
Vss 2r_z1, U1 =%LM124
L 2L

1@

FIGURE 4. SIMPLIFIED TELEPHONE LINE INTERFACE CIRCUIT
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TCM3105JE, TCM3105JL

FSK MODEM
D2662, NOVEMBER 1985—REVISED APRIL 1986
® Single-Chip Frequency-Shift-Keying (FSK) J DUAL-IN-LINE PACKAGE
Modem (TOP VIEW)
® Meets Both Bell 202 and CCITT V23 vpp 1 Uis[Josc2
Specifications ck 2  1s[Josc
CDT L3 TXD
® Transmit Modulation at 75, 150, 600, and gs el
1200 Baud RXA[]a  13[J TXR1
au TR (s 12[] TXR2
® Receive Demodulation at 5, 75, 150, 600, Nc (s 11[JTXA
and 1200 Baud rxB[]7 io[JcoL
RXD [ |8 9] JVss

® Half-Duplex Operation Up to 1200 Baud
Transmit and Receive

©® Full-Duplex Operation Up to 1200 Baud
Transmit and 150 Baud Receive

NC—No internal connection

® On-Chip Group Delay Equalization and
Transmit/Receive Filtering

® Carrier-Detect-Level Adjustment and Carrier-

Fail Output
® Single 5-V Power Supply
® Low Power Consumption '2
® Reliable CMOS Silicon Gate Technology §

‘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.

description

The TCM3105 is a single-chip asynchronous Frequency Shift Keying (FSK) voiceband modem that uses
silicon gate CMOS technology to implement a switched capacitor architecture. it is pin selectable (TXR1,
TXR2, and TRS inputs) for a wide range of transmit/receive baud rates and is compatible with the applicable
BELL 202 or CCITT V23 standards. Operation is fully reversible, thereby ailowing both forward and
backward channels to be used simultaneously.

The transmitter is a programmable frequency synthesizer that provides two output frequencies (on TXA),
representing the ‘marks’ and ‘spaces’ of the digital signal present on the TXD input.

Telecommunications C

The receive section is responsible for the demodulation of the analog signal appearing at the RXA input
and is based on the principle of frequency-to-voltage conversion. This section contains a group delay
equalizer (to correct phase distortion), automatic gain control, carrier detect level adjustment, and bias
distortion adjustment, thereby optimizing performance and giving the lowest possible bit error rate.

Carrier-detect information is given to the system by means of the carrier-detect circuits, which set a flag
on the CDT output if the level of received in-band energy falls below a value set on the CDL input for
a specified minimum duration.

The TCM3105JE is characterized for operation from —40 °C to 85°C. The TCM3105JL is characterized
for operation from 0°C to 70°C. ’

PRODUCTION DATA documents contain information . Copyright © 1985, Texas Instruments Incorporated
cnrrq;n as of puhiic:ﬁan date. :’rroductsl conform to T b
specifications per the terms of Texas Instruments

dard warrantl. Production p ing does not EXAS 2-143
necessarily include testing of all parameters. lNS’r RUMENTS
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TCM3105JE, TCM3105JL
FSK MODEM

PIN FUNCTIONAL DESCRIPTION

PIN DESCRIPTION
NO. NAME
1 Vbbb Positive supply voltage
2 CLK Output for a continuous clock signal at 16 times the highest selected (transmit or receive) bit rate
3 CcDT Carrier-Detect Output. A low-level output indicates carrier failure
4 RXA Receive Analog Input to which the received line signal must be ac coupled
5 TRS Transmit/Receive Standard Select Input, which, with TXR1 and TXR2, sets the standard bit rates and
mark/space frequencies
6 NC No internal connection
7 RXB Receive Bias Adjust for external adjustment of the decision threshold of the final comparator to minimize bias
distortion
8 RXD Receiver Digital Output for the demodulated received data in positive logic. The high logic level is a mark and
the low logic level is a space.”
9 Vss Most negative supply voltage (normally ground); connected to substrate
10 CDL Carrier Detect Level Adjust for external adjustment of carrier detect threshold
1 TXA Transmit Analog Output for the modulated signal, which must be ac coupled
12 TXR2 Bit Rate Select 2 input, which, along with TXR1 and TRS, sets the bit rates and mark/space frequencies
13 TXR1 Bit Rate Select 1 input, which, along with TXR2 and TRS, sets the bit rates and mark/space frequencies
14 TXD Transmit Digital Input for input data to the transmitter in positive logic. The high logic level is a mark and the
low logic level is a space. The data can be accepted at any speed from zero to the selected speed and may be
totally asynchronous.
15 0scC1 Oscillator connections. The crystal (typically 4.4336 MHz) is connected to these pins. If an external clock is
16 0SsC2 used, OSC1 is left open and the clock is connected to OSC2.

S}IN2JI) SUOCHEDIUNWWO9|D | E

2-144

TeExas {"

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265




TCM3105JE, TCM3105JL

functional block diagram
T 1
TRANSMIT (14) FSK DIGITAL XMT Low-pass | (11) RANSMIT
DIGITAL TXD MODULATOR TO ANALOG FILTER TR | TXA ANALOG
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i RECEIVE -
ANALOG RXA FILTER FILTER COMPARATOR bEMODULATOH
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TCM3105JE, TCM3105JL
FSK MODEM

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

Supply voltage, Vpp (see Note 1) . .. .. .. i e -0.3Vto10V
Input voltage, V] (any input) . . .. ... .. e -0.3 to VpD
Operating free-air temperature range: TCM3105JE . ....................... —-55°C to 85°C

) TCM31056JL . .. ..o —10°C to 70°C
Storage temperature range . . .. .. .ottt it e -55°C to 150°C

NOTE 1: All voitage values are with respect to Vgg.

recommended operating conditions

TCM3105JE TCM3105JL

MIN NOM MAX MiN NOM MAX UNIT
Supply voltage, Vpp 4 5 5.5 4 5 5.5 \
High-level input voltage, Viq . 2 VpD 2 Vbbb \
Low-level input voltage, V(i 0 0.8 0 0.8 Vv
Analog input level, peak-to-peak (ac coupled) 0.30 0.78 0.30 0.78 Vv
Clock frequency, feiock 4.4334 4.4336 4.4338 |4.4334 4.4336 4.4338 MHz
Analog load impedance at TXA 50 50 kQ
Operating free-air temperature range, Ta -40 85 o] 70 °C

$3IND419) SUONEDIUNWIWOD3|3 | N
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electrical characteristics over recommended ranges of supply voltage and operating free-air temperature (uniless otherwise noted)

PARAMETER TEST CONDITIONS TCM3105J€ TCM31084L UNIT
MIN __ TYPT  mAX MIN _ TYPT  MAX
VoH High-level output voltage RXD, CDT, CLK loH = —100 A 2.4 Vbp 2.4 Vpbp \%
VoL Low-level output voltage RXD, CDT, CLK loL = 1.6 mA Vss 0.4 Vgs 0.4 \
Analog output voltage level, Vop =4V Ry = 50 k@, 1.58 1.8
peak-to-peak TXA Vpp = 5V CL = 100 pF 1.4 1.9 2.3 1.4 1.9 2.3 \Y
Vpp = 5.5V 2.1 21
Adjust voltage RXB VDD = 5 V 2.3 2.7 3.1 2.3 2.7 3.1 v
CDL 2.8 3.3 3.9 2.8 3.3 3.9
Analog output dc offset TXA Vpp/2 Vpp/2 \
Digital input current TXD, TRS, TXR1, TXR2 | V} = O to Vpp +1 +1 uA
Analog input current RXA +15 +15 rA
Bias input current RXB, CDL Vi =3V +150 + 150 rA
Vpp = 4V 3 6 3 5
Ipp Supply current Vpp =5V 5 10 5 8 mA
Vpp = 5.5V 8 16 8 12
Cj Input capacitance, all inputs f=1MHz 10 10 pF
Co Output capacitance, all inputs f=1MHz 10 10 pF
Phase jitter 200 200 us
Bias distortion* +15% +15%
Carrier detect threshold, off-on3 - 45.5 -43 |-455 -43 | dBm
Carrier detect threshold, on-off -48 —-45.5 -48 —-45.5 dBm
Carrier detect hysteresis 2.5 2.8 2.5 2.8 dBm

TAll typical values are at Vcc = 5V, Ta = 25°C.
Bias distortion is the departure from a 50% duty cycle when a series of alternating mark and space tones is received.
8This is the threshold with the CDL input properly adjusted.

switching characteristics over recommended ranges of supply voltage and operating free-air temperature (unless otherwise noted)

(see Table 1)

TCM3105JE TCM3105JL

PARAM E DITION UNIT
ETER TEST CONDITIONS MIN __ TYPT  MAX MIN __ TYP!  MAX
R . RX = 600 or 1200 b/s 12 25 12 25

td(off-on) Carrier detect off-to-on delay time AX = 5. 75. or 150 b/s 28 30 28 80 ms
. . RX = 600 or 1200 b/s 12 20 12 20

td(on-off) Carrier detect on-to-off delay time RX = 5. 75. or 150 b/ 28 75 28 75 ms

Transmit fre deviation f i t
ra quency deviation from assignmen felock = 4.4336 MHz £1 £1 Hz

T All typical values are at Vcec =5V, Ta = 25°C.
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TCM3105JE, TCM3105JL
FSK MODEM

PRINCIPLES OF QOPERATION

The TCM3105 FSK modem is made up of four functional circuits. The circuits are the transmitter, the receiver,
a carrier detector, and control and timing (See Figure 1).

$}IN2JID SUOHEJIUNWIWO93]3 | E

(7)

BIAS ADJUST  RXB (8)
() RECEIVER f————_RXD  DIGITAL OUTPUT
ANALOG INPUT - RXA~
CARRIER | 3

(10) CcDT DETECT OUTPUT

LEVEL ADJUST  CDL ———— DETECTOR

TXR1, TXR2, TRs 2GRS 2

ND
MASTER CLOCK (INTERNAL) ———— CO:TROL

Y

TRANSMITTER

CLK CLOCK OUTPUT

D (14) (1) T

DIGITAL INPUT X XA ANALOG OUTPUT

FIGURE 1. TCM3105 SYSTEM PARTITIONING

transmitter

The transmitter comprises a phase coherent FSK modulator, a transmit filter, and a transmit amplifier.
The modulator is a programmable frequency synthesizer that drives the output frequencies by variable
division of the oscillator frequency (4.4336 MHz). The division ratio is set by the states of the
Transmit/Receive Standard input (TRS), the Bit Rate Select inputs (TXR1 and TXR2), and the Digital Data
input (TXD).

A switched-capacitor low-pass filter limits the harmonics and noise outside the transmit band and the
characteristics of this filter are set by the frequency select inputs as previously described. The harmonics
introduced by the transmit filter clock are removed by a continuous low-pass filter.

The transmitter output leve! varies with power supply voltage and so must be compensated in the 2-wire
to 4-wire converter to give a constant output level to the line.

- receiver

A continuous low-pass anti-aliasing filter is followed by the receive amplifier, which automatically controls
the gain to give a constant output level from the receive filter. The receive filter limits the bandwidth of
the signal presented to the demodulator, reducing out-of-band interference, and has very high rejection
of the transmit channel frequencies. These are typically present at much higher levels than the received
signal. ) :

The group delay equalizer is a switched-capacitor network that compensates the delay introduced by the
receive filter and the network. The output from the equalizer is then limited to give an FSK modulated
squarewave that is presented to the demodulator.

The demodulator is an edge-triggered multivibrator that triggers off positive and negative going edges.
The output of the demodulator is, therefore, a stream of constant-length pulses at a frequency that is
double the frequency of the limited input signal. The dc component of this signal is proportional to the
received frequency and is extracted by a switched-capacitar, low-pass, post-demodulator filter.

The variation of dc level with received frequency is presented to a comparator that slices at a level externally
fixed by the RXB bias adjustment pin. This voltage depends on received bit rate and internal offsets. The
comparator output is then the received data at the RXD output.
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TCM3105JE, TCM3105JL
FSK MODEM

carrier detect

The carrier detect circuits comprise an energy detector and digital delay. The energy detector compares
the total signal level at the output of the receive filter to an externally set threshold level on the CDL input.
The comparator has a 2.5-dB hysteresis and a delay to allow for momentary signal loss and to prevent
oscillation. The output of the detector is available on the CDT pin where a high level indicates that a carrier
is present.

control and timing

An on-chip oscillator runs from an external 4.4336-MHz crystal connected between the OSC1 and OSC2
pins or an external signal driving OSC1. A clock signal equal to 16 times the highest selected bit rate (transmit
or receive) is available on the CLK output.

The single-supply rail means that all analog functions are referenced to an internally generated reference.
All analog inputs and output must be ac coupled.
transmit and receive modes

The various modes of operation of the TCM3105 are given in Table 1. The data convention is that a logic
high is a mark and a logic low is a space.

N |

Ircul
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TCM3105JE, TCM3105JL

TABLE 1. MODES OF OPERATION
TRANSMIT RECEIVE LK
TRAN TI \Y Fi Y Fi Y
sTANDARD | TRs |TxR1| TXR2 RANSMITTED RECEIVED REQUENC REQUENC FREQUENCY
BAUD RATE BAUD RATE ASSIGNMENTS | ASSIGNMENTS ki)
(Hz2) (Hz)
i M 1300 M 1300
L L 120 1200 .
- 200 2 S 2100 S 2100 9.1
M 1300 M 390
H L L 120 75 .
0 S 2100 S 450 1911
M 1300 M 390
L H 75 .
) - 600 S 1700 S 450 9.56
cerrT M 1300 M 1300
H H 0 600 .
V.23 L 600 S 1700 S 1700 9.56
M 390 M 1300
L H L 75 1200 } .
. S 450 S 2100 1e.m
M 390 M 1300
H H L 7 00 .
5 6 S 450 S 1700 9.56
L H H 75 75 Mo 3% Mo 3% 1.19
S 450 S 450 )
CIK | L L 1200 1200 M 1200 M- 1200 19.11
S 2200 S 2200 '
CLK/8| L H 1200 150 M 1200 M 387 19.11
S 2200 S 487 '
Ciks/g| L H 1200 5 M- 1200 Mo 387 19.11
S 2200 s 0 '
M 387 M 1200
BELL 202 | CLK| H L 150 1200 - 19.11
. S 487 S 2200 o1
Clk| H H 150 150 Mo 387 Mo 87 2.39
S 487 S 487 )
CLKT] W} Lt 5 1200 M 387 M 1200 19.11
Ht ] Wt nf S 0 S 2200 :
Transmit Transmit M 1200
H H 1 .
H Disabled 200 Disabled S 2200 191

H = high level, L = low level

TIn these modes, the modulation is controlled by the TRS and TXR2 pins. TXD is tied high.
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TCM3105JE, TCM3105JL
FSK MODEM

Vpp. Vss, OR CLK

APPLICATION INFORMATION

Vpp Vbbb
=(ﬂl Iqu
RXB CDL

(5)

LINE [SIGNALING|

LINE
TERMI-
NATION

2-WIRE
TO
4-WIRE
CONVERTER

Relmn

Belm

U

Y 4 A

(1)
TRS Vpp Vpb
TXA
14)
TXD( <
TCM3105
FSK MODEM UART
8
RXD il >
RXA
(2)
CLK >
(13)
TXR1
12
TXR2 12)
3
cDT 8)
0sc1 0sc2 Vss

<4
&

—1£5) ne)(m

’—E?

MICRO-
PROCESSOR

Y

FIGURE 2. TYPICAL SYSTEM CONFIGURATION
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TCM3105JE, TCM3105JL

APPLICATION INFORMATION
30 pF CD_E ,_Dl 30 pF
(15) [(16)
OSCL 0sC2
RECEIVE @ -
DATA —¢—— RXD RXB| 100 k2
TRANSMIT —p 14 1y . %= 2009
DATA Tcmzos | 5V .
v r——' .
5V oo TX GAIN ADJ 11T
100 ke S22 coL
7 =
= A |
CARRIER (3) ,
DETECT_‘_(;)“ cot _zT'= 300 0 -
> RS o~
(13)
SELECT —’—(;‘; TXR1
MODE Y_ g "= TXR2
(BIT RATE (2)
AND cLK
STANDARD) Vgs RXA
100 k2
_L(s) (4)
L RX GAIN ADJ
0.1 uF radd / AAA
| 100 k2 vV
250 kV‘ e U1D 100 kQ
vic A~
A 100 k2
5V AA
< 100k Zrzr
Za7ka TR IR

47 k0 <

2

U1 =1LM124

FIGURE 3. TELEPHONE LINE INTERFACE CIRCUIT
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TCM3105JE, TCM3105JL

APPLICATION INFORMATION
s (11 g x .
= (15) jtie) = 100 k&2
0SC1 _ 0SC2 2L~
TXA 27 = 6009
5 AN~ R
7)
100 kQ2 | RxB Lo
2o
= Y
sv DD
100 ke 3¢ coL 2
= TCM3105: 5V
A It
(8) Sarken
RECEIVE DATA —<4—] RXD 3
TRANSMIT DATA —p2 1xp m-—:b
AL PV ! |
10 uF
STANDARD AND (LF)] . 0.1 4F ‘ a7ka$ u 2
BIT RATE ) @
—>—1 TRs nxm——-K—q u1B -
CARRIER DETECT —¢2H coT N — W = 1)
100k =
) =
(2) 100 kQ [X)
cLock —e—] cLK =
Vss i S U1 = %LM124
L 7

_l_ (9)

FIGURE 4. SIMPLIFIED TELEPHONE LINE INTERFACE CIRCUIT
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ADVANCE TCM4204A, TCM4205A, TCM4207A
INFORMATION SUBSCRIBER-LINE-CONTROL CIRCUITS

D2729, NOVEMBER 1983--REVISED APRIL 1986

® Per-Channel-Programmable Single-Chip TCM4204A, TCM4207A . . . J PACKAGE
Subscriber-Line-Control Circuit (SLCC) (TOP VIEW)
Programmable TX and RX Gain ; vsgs [ U240 vpp

Digita! Inputs and Outputs are Compatible
with TTL Levels

+5 V Power Supplies BALOT[]|5  20f ] TXFB
Software-Selectable External Balance

Networks ' R/W e 17]] BAL2/SUPOT*
On-Off Hook Detection, Ring Trip CE[J 16[ ] SUP -

TCMA4205A Provides Control of the Three
Auxiliary Relays and Ground Start
Supervision

DGTL GND[J12  13[] CLKS

Serial Interface to Microprocessor *BAL‘Z for TCM4204A, SUPOT for TCM4207A

High-Reliability Silicon-Gate CMOS
Technology

@ TCMA4207A Uses a Flux Canceling

TCM4205A . . . J PACKAGE
(TOP VIEW)

N

Technique that Allows Use of a Smaller vss[1 Uz2e[] vpp

Transformer RXO + E 2 27 TXOT
: RX0-[z 260 X1+ ‘5
description ANLG GND[]s  25[] TXxI- o
BALOT([]s  24[] TXFB Pry
The TCM4204A, TCM4205A, and TCM4207A RXIN[]e  23[]BALO o
are subscriber-line-control circuits (SLCC) CLKkM 7 22[] BAL1 72}
designed to provide all the functions of a RW[J8 21[JBAL2 s
complete voice-band PCM channel when used CE[s  20[] GS REF -
in conjunction with appropriate codec and filter DATA /O [J10  19[] SupP- (1]
circuits. The TCM4205A enhancement of the AUX1 11 18[] SUP+ 2
TCM4204A brings out two additional relay AUX2[J12  17[] PWRU =
control pins (AUX2) and (AUX3), an external AUX3[J13  16[] RNGR g

reference for ground-start applications (GS REF), DGTL GND[14 15[ CLKS
.and a pin for control of an external power supply E
(PWRU). The TCM4207A replaces BAL2 with a 8
filtered analog output (SUPQOT) that can be used [
in flux canceling applications. E

The primary applications for these devices include:
Transmission Systems and Switching Systems
2-Wire Interface 4-Wire Interface
Subscriber Line Concentrators

These devices are characterized for operation from 0°C to 70°C.

‘% ‘ 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.

ADVANCE INFORMATION documents contain . Copyright © 1983, Texas Instruments Incorporated
{l’

information on new products in the sampling or
ey ® ng !
IE
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

analog section

Separate Programmable Attenuators: 63 steps covering a 12.6-dB range in 0.2-dB steps
6-dB Differential RX amplification for driving a 900-ohm load to a peak of 3.2 V
Software-selectable external balance networks. Electronic 2-wire to 4-wire conversion.
Software-controlled analog loopback

Separate RX and TX paths allow true 4-wire operation.

supervision
Normal loop-start and/or ground-start supervision

Ring trip supervision
Supervision function provided with minimal, low cost external components.

digital interface

Simple four-pin serial interface provides easy-to-use microprocessor interface.
Clocks can be any of the standard PCM clock frequencies.
Power fault detection lets user know when RAM has been affected by a supply fault.

software control

Up to three external balance networks

Transmit and receive attenuators

Power down, standby, voice, or loopback modes of operation
Ring relay and up to three auxiliary relays. '

system block diagram '
Y 9 Vss DGTL GND

$}IN2117) SUONEIIUNWWO0Dd | M

VpD l ANLG GND
L 1
L= B RX RXIN
O 1 99—\
—a8 v Z1/2 ATTN
I e 3 BALOT
B3
TEST RING 9 il ) $ 3 :&ZT'
RELAY RELAY $ § BaLoS
1 A BAL | |BAL1
TIP R)E?: SEL BAL2
. v [
$ 212 ']/\l' $ s sz
4 <
| {TXFB S
3 W :
: 1 S I X\ p—F> o1
VpDl g + ; ATTI
g TXI+
b3 »
i + LOW PASS CLKS
SUP+ _ FILTER HOOK DET
3 3 SUP— l
< b3
G PO K=
P AUX1 DIGITAL
~N ] INTERFACE MICROPROCESSOR
CONTROL
RELAY — )
DRIVER TN
LATCHES
RX TX
BAL
SEL  ATIN  ATTN
TCM4204A
i
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

functional block diagram (positive logic)

TCM4204A
ANLG  DGTL
Vbb Vss GND GND

I I

VOLTAGE REGULATOR

AND FILTER. > REFT
RXO+
| RX |
RXIN ATTENUATOR X0~

16

FROM

3708 - BALOT

DECODERS

01 =s
cLock =
cLxs CIRCUIT 02
LOOPBACK — BAL0

FROM —— BALANCE
MODE CONTROL swren [ AU
| BAL2 (TcMa2084, 4205A)

T T
A B

SUPERVISOR RESET

SUP+ PEAK 7o
3708
suP— DETECTOR DECODERS

VoIce
FROM
MODE CONTROL

SUPOT (TCM4207A)

REF 1
FROM VOLTAGE r N AUXT
REGULATOR RELAY
4 I
] BUFFER AUX2 (TCM4205A)

Telecommunications Circuits I!l

GS REF
(TaMaz05A) —— AUX3 (TCM4205A)
LATCH |—— RNGR
CENZ ——— l
CLKM ——— VOT';('L’;GE CONTROL MODE
REWZ CONTROL PWRU (TCM4205A)
SUPVR .
BUFFER LOOPBACK VOICE
22
DATA
1o \l DATA
STORAGE

VOLT UNIT POWER-ON
TXFR RESET
l o &
FAULT
16 mr BV SV

JZ‘BAL
A AND
%) Aanos

3708
DECODE

V
TO TX ATTENUATOR TO RX ATTENUATOR
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PIN
NAME TCM4204A TCM4205A TCM4207A DESCRIPTION

ANLG GND 4 4 4 . Analog ground

AUX1 11 11 11

AUX2 12 Latched digital outputs for relay control

AUX3 13

BALO 19 23 19

BAL1 18 22 18 Analog input to balance network selection

BAL2 17 21

BALOT 5 5 5 A buffered form of the RX signal for application to the external balance
network

CE 9 9 9 Chip enable. Activated by a logic low input.

CLKM 7 7 7 Digital clock input that advances the pointer counter of the digital
storage unit (DSU) allowing the information in the DSU to be
accessed. When R/W and CE are low, information on the
DATA 1/0 pin is latched into the DSU by the falling edge of CLKM.

CLKS 13 15 13 A continuous clock input (from 1.536 to 2.048 MHz) used for internal

1 logic. This signal is not synchronous with any other signal.
DATA 1/0 10 10 10 Digital data input/output. When CE is low and R/W is high, the

DATA I/Q pin is in the output mode. When CE is low and R/W is

-l low, the DATA I/O pin is in the input mode. When CE is high, the

(1) DATA 1/0 pin is in the high-impedance state.

f-D- DGTL GND 12 14 12 Digital ground

(2] GS REF 20 Analog reference voltage input used for ground start supervision.

o PWRU 17 Decoded digital output of Mode Control used to control an external

3 power supply.

3 RNGR 14 16 14 Latched digital output to control the ring relay. The output turns off

c (low) when off-hook is detected, but the controller must program

2. the ring bit low to ensure that the output remains low.

8 RXIN 6 6 6 Analog input to the receive section

(=8 RXO + 2 2 2 : e

o) RXO - 3 3 3 Complementary analog output of the receive amplifier

a RIW 8 8 8 Digital input control for the direction of response of the digital
storage unit. A Jogic high on R/W sets the DSU to transmit

9 information. A logic low on R/W enables the DSU to receive

(¢} information.

E- SUP + 15 18 15 Differential analog supervision inputs. Inputs to SUP+ and SUP —

a SUP - 16 19 16 are used to detect off-hook status during normal and ringing
supervision.

SUPOT 17 Filtered supervisory analog output

TXFB 20 24 20 Feedback out of TX input amplifier

™+ 2 25 21 Analog differential inputs to TX input amplifier

TXI - 22 26 22

TXOT 23 27 23 Analog output of TX output amplifier

Vbp 24 28 24 Supply voltage (5 V +5%)

Vss 1 1 1 Supply voltage (=5 V +5%) referenced to ANLG GND

| Texas W&
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

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

Supply voltage, VDD - - -« v oo 6V
Supply voltage, VS .. . .o -6V
Input/output voltage: digital ... ......... ... .. ... .. .. .. ... Vpp+0.3VtoGND-0.3V
analog . . ... Vpp+0.3V toVgs—-0.3V
Operating free-air temperature range . . ... ... ... ...t 0°C to 70°C
Storage temperature range . . . .. ..ottt —-55°C to 125°C
recommended operating conditions
MIN MAX UNIT
Supply voltage, Vpp (see Note 1) 4.75 5.25 \
Supply voltage, Vgg (see Note 2) -4.75 -5.25 \
High-level input voltage, V|4 2.4 \2
Low-level input voltage, V) 0.8 \
DC voltage at either supervision input (SUP+ or SUP~) +2.5 \
SUPOT voltage +3 \"
DC offset voltage at analog input to RX section (RXIN) . +25 mV
DC offset voltage at transmit inputs (TX|+ and TXI—) +25 mV
. BALOT, TXOT, SUPOT, TXFB 25 2
Load capacitance, C|_ AXO ~ X0 70 oF
Load resistance, R BALOT, TXOT, SUPOT, TXFB 5 100 kQ [7)
’ RXO +, RXO — 300 Q x
Rise time (any logic input), t, . 100 ns 3
Fall time (any logic input), tf 100 ns =
Clock frequency fcLks 1.536 2.048 | MHz (&)
Operating free-air temperature, Ta (o] 70 °C 17}
NOTES: 1. Reference is to DGTL GND and ANLG GND. g
2. Reference is to ANLG GND. =
(1]
2
c
E
£
[}
[&]
2
o
3
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

static electrical characteristics over recommended operating free-air temperature range, Vpp = 5 V,

Vgs = —5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPT m™mAX | uNIT
VoH High-level output voltage loH = —0.4 mA 4.6 \
VoL Low-level output voltage loL = 1.6 mA 0.4 \Y
Differential voltage between
Vpp and Vgg required to dVpp/dt > 1 V/ms 6 8 \
initiate POR (power-on-reset)
Differential voltage between Voice mode, SUP - at DGTL GND -20 o 25
X DSU bit 23 high
SUP+ and SUP - req.u‘lred to Standby and power-down mode, mv
initiate off-hook condition SUP— at DGTL GND 25 50 75
SUP+,| V| =3V 1
SUP- | Vi = -3V -1
) RXIN,
I} Input current, analog X+ V=8V ! uA
TXI-,
BALO,
|BAL1, | Vp = -5V -1
BAL2
IiH  High-level input current V=5V 1 A
‘-;i it Low-level input current V) =0 -1 pA
g loH High-level output current glagt:al zg: - z.?continuous) -11'3 mA
g loL Low-level output current :Igltal VoL i 25V - 16 mA
3 ata VoL b— i Vv (Zontmuous) 55
Loopback mode,
c ot TXI+/TXI— at ANLG GND 80
?’). Analog output TXFB | TXI+ at ANLG GND,TXI - tied to TXFB, Loopback mode +25 mv
o offset voltage RXO + | Voice mode, RXIN at ANLG GND +75
[ RXO - | Voice mode, RXIN at ANLG GND +75
(=] SUPOT| SUP+ and SUP- at ANLG GND 220
=] 5 Standby or power-down mode,
(/2] Receive output dc leakage
RXO + connected to RXO — through +20 uA
O current (See Note 3) 2 600 © resistor
3 On hook, power-down mode 3
On hook, voice mode 9
g: 'bp  Supply current Off hook, power-down mode 6 mA
@ Off hook, voice mode 13
On hook, power-down mode -3
lss Supply current On hook, voice mode -9 mA
Off hook, power-down mode -6
Off hook, voice mode -13

T Al typical values are at Vpp = 5 V, Vgg = -5V, Tp = 25°C.
NOTE 3: If used with a center-tapped transformer (with center tap connected to GND), the output leakage current will increase.

2-160
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

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

(unless otherwise noted)

ts X0

Ircul

PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
Input to RXIN = —75 dBm to 3 dBm, 74 75
Receive output dynamic RL = 900 @ to ANLG GND, Receive channel ¢ ¢ o8
o 0 m
range (RXO +, RXO —) attenuator set to code 100111 (0 dB), 3 3.1
f = 1.02 kHz '
lnput to RXIN = -75 dBm to 3 dBm, 74 75
Receive output dynamic RL = 5 k@ to ANLG GND, Receive channel . N o8
o o m
range. (BALOT) attenuator set to code 100111 (0 dB), 3 31
f = 1.02 kHz )
Loopback mode, Input = —75 dBm to 3 dBm. 74 75
Transmit output dynamic RL = 5 k@ to ANLG GND, Transmit channel ¢ N B
(o] o] m
range (TXOT) attenuator set to code 111111 (0 dB), 3 a1
f = 1.02 kHz '
Input = —75 dBm to 3 dBm, 74 75
Transmit output dynamic RL = 5 k@ to ANLG GND, Transmit input © o dBm
range (TXFB) amplifier set for unity gain, Transmit 3 a1
attenuator set to O dB, f = 1.02 kHz ’
. Input to SUP+ = 75 mV to 750 mV (rms), -14 -13.8
Supervision output
d R (SUPOT) SUP— at ANLG GND, to to dBm
nam r
ynamic range RL = 100 k@ to ANLG GND, f = 5 Hz 6 6.2
0 to 10 Hz 8
Frequency
16.6 Hz SUP - at ANLG GND, -45
response of
o 15 Hz to 65 Input to SUP+ = —10 dBmoO¥, —-30 dB
SUPCTVISION 66 Hz or folock = 2.048 MHz ~40
circuits clock :
greater
Input Data . 14
Ci CE high F
! capacitance| All others 9 7.5 P
td(POR) Delay time to power-on reset Vpp - Vss switched from 10 V to 6 V 100 200 ns
Z Input. impedance, 1 Mo
(any input or 1/0)
Digital outputs 100
TXOT, BALOT, Q
Output lo = —200 A 50
Zo impedance TXFB
i SUPOT 1] ko
RXO +, RXO - Voice mode, Ig = —10 gA 1 3 Q
TAll typical values are at Vpp = 5V,Vgg = =5V, Tp = 25°C.

Telecommunications C

10 dBmO is the zero-reference point of the channel under test. This corresponds to a voltage of 1520 mV (rms) on inputs and outputs,

with attenuators set for O dB.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

ac characteristics — half channel? over recommended ranges of supply voltage and operating free-

air temperature

is not specified.

TTransmit channel is tested with input amplifier set for unify gain. Receive and transmit attenuators are set to O dB.
NOTE 4: The receiver supply-voltage sensitivity is the differential RXO +-to-RXO — noise referenced to supply noise. It is assumed that
the feed transformer will reject common-mode RXO +/RXO — noise and, therefore, the common-mode supply-voltage sensitivity

PARAMETER TEST CONDITIONS MIN MAX UNIT
) 50 Hz to 200 Hz R = 900 Q to ANLG GND, -0.2 0.2
Frequency response 200 Hz to 300 Hz V| = 0 dBmO, -0.1 0.1 dB
300 Hz to 4 kHz Ref = 1.020 kHz -0.05 0.05
Vi =0, -10,
. . R = 900 Q to ANLG GND, -0.05 0.05
Level (gain) tracking —20, —30 dBmO dB
f = 1.020 kHz
Vi = -40, -50 dBmO -0.1 0.1
Idle channel noise RL = 900 Q to ANLG GND 8 | dBrncO
Vi = 0.dBm0 to —30 dBmO RL = 900 @ to ANLG GND - 50
Total distortion Vi = -30 dBmO to —40 dBm0O f = 1.020 kHz —45 dB
Vi = -40 dBmO to —50 dBmO -40
Total harmonic distortion | Vj = 3 dBmO, f = 1.020 kHz -55 dB
Phase Delay time 1 kHz 20
(carrier) 1.8 kHz 20|
500 Hz to 600 Hz 30
600 Hz to 1 kH 20
Absolute delay time z 10 2 s
1 kHz to 2.6 kHz 10
2.6 kHz to 2.8 kHz 30
'-| 600 Hz to 1 kHz +0.1
(4] Departure from 1 kHz to 1.3 kHz +0.05
— r T
o |, P N 1.3 kHz t0 2.3 kHz £0.05
inear phase
8 " 2.3 kHz t0 2.7 kHz +0.04 | rad
=) ' ) -0.05
g - 2.7 kHz to 3.1 kHz +0.1
\ hanging 200 mV p-| -40
[ Supply-voltage 50 Hz to 4 kHz DD © g.| 9 bP
S sensitivity Vgg changing 200 mV p-p -40 a8
O | (see Note 4) 4 kHz to 50 kHz VoD changing 200 mV p-p -28
Q) Vgg changing 200 mV p-p -25
=
=)
=
[7/]
Q
=
(1]
£
~*
(/2]
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

system characteristics over recommended ranges of supply voltage and operating free-air temperature
(see Figures 9 and 10)

PARAMETER FREQUENCY RANGE TEST CONDITIONS MIN MAX | UNIT
200 Hz to 500 Hz -25
Return loss 500 Hz to 1 kHz —-35
(see Note 5) 1 kHz t0 2.5 kHz 2L = 9008 + 2.2 4F 0| ®
2.5 kHz to 3.4 kHz -35
200 Hz to 500 Hz -25
Transhybrid loss 500 Hz to 1 kHz -35
(see Note 5) 1 kHz to 2.5 kHz 2L =900 8 + 2.2 4F —40 d8
2.5 kHz to 3.4 kH -35
60 Hz to 500 Hz - 66
Longitudinal balance 500 Hz to 1 kHz 2-wire to 4-wire -50 4B
(see Note 5) 1 kHz to 4 kHz -58
200 Hz to 4 kHz 4-wire to 2-wire - 60

NOTE 5: The return loss, the transhybrid loss, and the longitudinal balance are functions of external components, primarily the battery

feed transformer or its functional replacement. The SLCC will not materially change the return loss or the longitudinal balance.

The imbalance in transhybrid loss caused by phase or gain errors in the SLCC will be less than those listed.

SLCC — microprocessor timing requirements over recommended ranges of supply voltage and operating

free-air temperature

ts Y

ircui

PARAMETER MIN MAX | UNIT
ta Access time from CEL 140 ns
tc(CLK) Clock period for CLKM 2000 ns
tr, tf Rise and fall times for CLKM 5 ns
ty Output data valid after CLKM 80 ns
tw(CLKH) Pulse duration CLKM high 560 ns
tw(CLKL) Pulse duration CLKM low 300 ns
ten(CLK) Internal read/write enable after CLKM 250 ns
ten(R/W) Enable time, Input after R/W. (o] 250 ns
tdis(CE) Disable time, output after CET 180 ns
tsul Setup time, CLKM{ before R/W1 50 ns
tsu2 Setup time, data before CLKM! (see Note 6) 180 ns
tsu3 Setup time, CEl before CLKMT (see Notes 7 and 8) 180 ns

Duty cycle, CLKM (see Note 9) 10 90 %
NOTES: 6. The R/W input must be a logic low.

7. If the user is not interested in reading bit O, tgy3 can be a minimum of 30 ns.
8.
9. As long as the minimum high and low pulse durations are observed, the CLKM duty cycle is ty(CLKH)/[tw(CLKL) + tw (CLKH)I.

The R/W input must be a logic high.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

supervision timing characteristics over recommended ranges of operating conditions (see Figure 4)

normal loop supervision timing characteristics, fCLKS = 2.048 MHz

PARAMETER ) TEST CONDITIONS MIN TYPt MAX | uNIT
tPHL Propagation time high-to-low, hook status bit Standby mode, SUP- = GND, 75 100 ms
tPLH Propagation time low-to-high, hook status bit SUP + changing from 60 100 ms
tpHL — tpLH Differential propagation time 0 V to 200 mV or from +20 ms
thr Maximum noise rejection duration time 200 mV to O V 10 ms

ground key/ground start supervision timing characteristics (TCM4205A only)

PARAMETER MIN MAX | UNIT
tPHL Propagation time high-to-low, ground start bit 150 ms
tPLH Propagation time low-to-high, ground start bit 150 ms
tpHL — tpLH Differential propagation time ) +20 ms
thr Maximum noise rejection duration time 10 ms

ring trip detection timing characteristic

PARAMETER ) TEST CONDITIONS MIN TYPY MAX | uNIT
Standby mode, SUP— = GND,
SUP + changing from O V to 200 mV

trt Ring trip detect time 55 100 ms

microprocessor internal polling timing requirement

PARAMETER MIN MAX | UNIT
Microprocessor polling interval : 100 ms

TAll typical values are at Vpp = 5V, Vgg = -5V, Tp = 25°C.

PRINCIPLES OF OPERATION

mode control

The SLCC can be forced into one of four modes by the microprocessor (see Figure 1 for mode states and
Table 1 for the recommended mode control sequence). The mode control functions are as follows:
Voice operation — All circuits powered up. PWRU output pin is set high.
Power down — Audio circuits are powered down, supervisory circuits are powered up, and the PWRU
output pin is set low.
Loopback — Normal balance circuit is interrupted allowing the transmit output to follow the receive
input. All other circuits are powered up.
Standby — Audio circuits are powered down, supervisory circuits are powered up, and the PWRU output
pin is set high. The internal power-on reset (POR) circuit sets the SLCC to this mode at power up.

S1IN241) SUONEJIUNWWOD9|3 | n

TABLE 1. RECOMMENDED MODE CONTROL SEQUENCE

BITS
A B

FUNCTION

H | Power Down
L Standby

L Voice

H

L
L
H
H <Loopback
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PRINCIPLES OF OPERATION

‘ LL
LOOPBACK ’ STANDBY

LH
POWER
DOWN

FIGURE 1. MODE CONTROL STATE DIAGRAM
internal power-down states

The internal power down states are the standby mode and the power-down mode. The only difference
between the two states is the level of the PWRU output. In the standby mode, PWRU is set high and in
the power-down mode, PWRU is set low. The PWRU output can be used to control an external dc-to-dc
converter for floating constant-current-feed applications or to drive a status indicator.

standby mode

1. All analog functions except supervision and all logic functions except microprocessor interface and
registers are powered down.
2. PWRU output is set high.

power-down mode

1. All analog functions except supervision and all logic functions except microprocessor interface and
registers are powered down.
2. PWRU output is set low.

9

ircui
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PRINCIPLES OF OPERATION

digital control and microprocessor interface

The data storage unit contains 24 bits of R/W (Read/Write) and RO (Read Only) data. The R/W data is
used to control attenuation, balance, relay selection, and mode of operation. The RO data provides
supervisory status information.

The microprocessor uses the DATA 1/0, R/W, CE, and CLKM input lines to control and time access to
the data. When CE is toggled from high to low, the serial data sequence is started at bit O and the pointer
is sequenced through the 24 data bits. The pointer is advanced by the CLKM input. In addition, CE enables
the read and write functions. When CE is high, the DATA 1/O pin is in a high impedance state, and the
CLKM and R/W inputs are ignored.

balance network

S}IN241D) SUONEDIUNWWOD3|d | E

The SLCC allows up to three external balance networks to be selected by the microprocessor. The balance
networks are scaled versions of ZT and Z|. The scale factor is user dependent. To properly balance the
two- to four-wire converter, the ratio ZT'/Zg must equal ZT/Z| where Z} is the line impedance and ZT,
Z71', and Zp are as labeled in the Typical Application Data. The impedance of the ZT' and Zg must be greater
than 5 kQ for all three balance networks in parallel.

TABLE 2. BALANCE NETWORK SELECTION

BAL SELECT TCM4204A or TCMA207A
A B TCM4205A
L L BALO BALO
L H BAL1 BAL1
H L BAL2 disallowed
H H disallowed disallowed

power on reset

When the SLCC is powered up, it is forced into a known state (see Table 3). The pointer counter is set
to zero. After a power-on-reset has occurred, the following conditions exist:

1. The pointer counter addresses bit O (on/off hook).

2. The power fault bit goes high to let the user know that a power-on-reset has occurred. For example,
a large Vpp or Vss glitch will cause a power-on-reset. The power-fault bit flags this condition. The
power-fault bit must be reset by the user.

All relays are tuned off (control bits are low).

The standby mode-control condition is set.

All attenuator bits are set to zero causing maximum attenuation of the receiver and transmltter amplifiers.
Balance select conditions are set to the 0,0 condition.

oo w

supervisor reset

Supervisor reset (bit 23) resets the peak detector reference voltage in the SLCC supervisor circuit. The
peak detector circuit is used during dial pulse collection and on-hook detection when the SLCC is in the
voice mode. The reference voitage is also reset by the ring relay control (bit 3). When off-hook is detected
and the ring relay is off, the supervisor reset (bit 23) should be set high and then returned to low prior
to setting the SLCC to the voice mode.

2-166
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PRINCIPLES OF OPERATION
TABLE 3. REGISTER MAP

BIT NUMBER FUNCTION DATA TYPE POWER ON RESET
0 On/Off Hook RO X
1 Ground Start RO X
2 Power Fault R/W H
3 Ring Relay R/W L
4 AUX1 Relay R/W L
5 AUX2 Relay RIW L
6 AUX3 Relay R/W L
7 Mode Control A R/W L
8 Mode Control B R/W L
9 Rx Atten Bit 5 (MSB) R/W L

10 Rx Atten Bit 4 RIW L
1 Rx Atten Bit 3 RIW L
12 Rx Atten Bit 2 RIW L
13 Rx Atten Bit 1 RIW L
14 Rx Atten Bit O (LSB) R/W L
15 Tx Atten Bit 5 (MSB) RIW L
16 Tx Atten Bit 4 R/W L
17 Tx Atten Bit 3 RIW L
18 Tx Atten Bit 2 R/W L
19 Tx Atten Bit 1 R/W L
20 Tx Atten Bit O (LSB) R/W L
21 Balance Select A R/W L
22 Balance Select B RIW L
23 Supervisor Reset . RW L

attenuator characteristics

Both attenuators have identical characteristics but are separately controlled. The characteristics of the
attenuators are as follows:

1. 63 steps (reference Table 4)

2. Receiver range of 4.8 dB gain to —7.8 dB loss (differential)

3. Transmitter range of O dB to —12.6 dB loss

4. Step size of 0.2 dB

5. The accuracy of any attenuator setting is +1 step size.

lead options

The TCM4204A (24-pin constant-voltage option) is designed to provide the minimum set of features required
by the largest proportion of world-wide needs. The TCM4204A has the following:

1. Three separate external balance networks

2. Two relay outputs (TTL); one output dedicated to ring and one auxiliary output.

The TCM4205A (28-pin ground-start option) has the following:

1. Three separate external balance networks

2. Four relay outputs (TTL); one dedicated to ring and three auxiliary outputs
3. An input to set the ground-start trip level.

The TCM4207A (24-pin flux-canceling option) has the followmg

1. Two separate external balance networks

2. Two relay outputs (TTL); one output dedicated to ring and one auxiliary output

3. One filtered analog output (16.6 Hz at CLKS = 2.048 MHz) that is an analog representation of the
dc voltage (< 10 Hz) between the supervisory inputs.

ts [

Ircul
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

TABLE 4. ATTENUATOR CODES

ATTENUATOR CODE TRANSMITT RECEIVE
DECIMAL BINARY CHANNEL cHaNNEL

0 000000 ~12.6dB 7848
1 000001 -12.4 48 ~7.6d8
2 000010 -12.2d8 -7.4d8
3 000011 -12.0 d8 -7.2d8
4 000100 -11.8d8 -7.0d8B
5 000101 -11.6 d8 -6.8dB
6 000110 ~11.4 dB -6.6dB
7 000111 -11.2d8 -6.4 dB
8 001000 -11.0 d8 -6.2d8
9 001001 -10.8 dB -6.0 dB
10 001010 -10.6 d8 -5.8 dB
1 001011 -10.4 d8 -5.6 d8
12 001100 -10.2.d8 -56.4dB
13 001101 ~10.0 a8 -5.2d8
14 001110 -9.8d8 -5.0 dB
15 001111 ~9.6 d8 ., -48a8
16 010000 -9.4.d8 -4.6 dB
17 010001 -9.2.d8 -4.4.d8
18 010010 -9.0dB -4.2d8
19 010011 -8.8d8 -4.0d8
2 20 010100 -8.6d8 -3.848
21 010101 -8.4 d8 . -3.6d8
22 010110 -8.2d8 -3.4.d8
- 23 010111 -8.0 d8 -3.24d8
24 011000 -7.8d8 -3.0d8
2 25 011001 -7.6d8 -2.8d8B
@ 26 011010 ~7.4d8 -2.6d8
(2] 27 011011 -7.24d8 -2.4d8
o 28 011100 -7.04d8 -2.24d8
3 29 011101 -6.8d8 -2.0d8
3 30 011110 -6.6 d8 -1.8d8
31 01111 ~6.4 dB -1.6d8
c 32 100000 -6.2d8 -1.44d8
=, 33 100001 ~6.0d8 -1.2d8
) 34 100010 -5.8d8 -1.0d8
Q 35 100011 -5.6dB -0.8d8
(=3 36 100100 -5.4d8 -0.6d8
o 37 100101 -5.2d8 -0.4 d8
= 38 100110 -5.0d8 -0.2 dB
(/] 39 100111 ~4.8dB 0.0 dB
40 101000 -4.6d8 +0.2 dB
®) a 101001 -4.4.d8 +0.4 dB
= 42 101010 -4.2d8 +0.6 dB
(2] 43 101011 -4.0d8 +0.8 dB
< 44 101160 -3.8d8 +1.0 dB
- 45 101101 -3.6d8 +1.2 dB
7] 46 101110 -3.44d8 +1.4 dB
47 101111 ~3.2d8 +1.6 dB
e 110000 -3.0d8 +1.8 dB
49 110001 ~2.8d8 +2.0 dB
50 110010 -2.6d8 +2.2 dB
51 110011 -244d8 +2.4 dB
52 110100 ~2.2d8 +2.6 dB
53 110101 ~2.0d8 +2.8dB
54 110110 -1.8d8 +3.0 dB
55 110111 -1.6d8 +3.2 d8
56 111000 ~1.4d8 +3.4 dB
57 111001 -1.2d8 +3.6 dB
58 111010 -1.0d8 +3.8 d8
59 111011 -0.8 dB +4.0 dB
60 111100 ~0.6 dB +4.2.d8
61 111101 -0.4d8 +4.4 4B
62 111110 -0.2.d8 +4.6 dB
63 11111 0.0 d8 +4.8 d8

T Transmit input amplifier set for unity gain. *Output measured differentially across RXO + and RXO —.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

(SEE NOTE 10) 1 |

Ftsu:i—*—‘c(CLK)_‘_‘—__“

|

| (See Note 7) VW T\ \ |

CLKM | |
| | !

H—tw(CLKH)——*——tw(CLKL)—H !

't
Jeta—p| p—temcuo—q ‘d|s(cs)
I
Y4
oara  HiGHZ 'To. BIT1 _‘W BIT 2 >ﬂ.
(SEE NOTE 10) —————— -___..4_
i |
I | ! !
| \| l/ LI l/
Vv Vv
READ BIT 0 READ BIT 1 READ BIT 2

FIGURE 2. SLCC — MICROPROCESSOR TIMING REQUIREMENTS FOR READ OPERATION

H
CE L\
(SEE NOTE 10)
ru CLOCK EDGE I—NH CLOCK EDGE

CLKM %
R/W S& a‘
r——‘en(CLK)—’I
|

I
BIT
- 1
DATA —<B|'r N :W:sn- N @ BITN mﬂ
: . f - - -
It-tsn(n/W)-bntsuzw—————tv———-bl !
(SEE NOTE 5)) [ |
|

ts ISl

iIrcul

-

S S
SF
£

Telecommunications C

APPLY AND HOLD DATA READ DATA BACK THAT WAS
INPUT TO SLCC JUST WRITTEN

FIGURE 3. SLCC — MICROPROCESSOR TIMING REQUIREMENTS FOR WRITE OPERATION

NOTES: 7. If the user is not interested in reading bit 0, tg,3 can be a minimum of 30 ns.

10. The DATA pin is an input, an output, or in a high-impedance state. When CE is low, the DATA pin will be either an input
or an output depending upon the condition of R/W. When R/W is high and CE is low, the DATA pin is an output that a
microprocessor can poll. When R/W is low and CE is low, the DATA pin is an input. Dashed lines on the DATA signal indicate
that the data on the DATA pin is coming from the SLCC. Solid lines on the DATA signal indicate that the data on the DATA
pin is coming from the system. Each time the CE input goes low, the bit pointer is reset to bit zero. All rise and fall times
are assumed to be 20 ns or less; therefore, timing requirements are shown referenced to 50% of the rising or falling slope
of the waveform. A write operation can only be performed when CLKM is high. When CLKM is low, only a read operation
can be performed.

i
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TCMA4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

PARAMETER MEASUREMENT INFORMATION

oV oo
TIP SENSE
VOLTAGE (DC PORTION) ! ,
]
|4—+ tPLH je—sl-tpLn

)
 OFF-HOOK BIT IZ \' ! /

OFF-HOOK DETECTION

TIP SENSE
VOLTAGE (DC PORTION)

X
i‘__.|__
OFF-HOOK BIT %

RING TRIP DETECTION

FIGURE 4. SUPERVISION TIMING WAVEFORMS

TYPICAL APPLICATION DATA

& 4L

~A
~

CALLING PARTY
OFF-HOOK BIT

-

|
c
!
1
'

CALLED PARTY ’
RING RELAY BIT
CALLED PARTY |
OFF-HOOK BIT L
771 1
[Nl | 1
H—
1
44— 6|
89 5

1 OFF-HOOK 7  MICROPROCESSOR ENABLES BIT 3" RING RELAY ON
2 VOICE MODE SET UP BY MICROPROCESSOR 8 MICROPROCESSOR DETECTS OFF-HOOK

3 DIAL PULSE COLLECTION BY READING BIT “0”

4  VOICE (CONVERSATION) 9  MICROPROCESSOR DISABLES BIT “3” AND

5 ON-HOOK SETS THE SLCC TO VOICE MODE

6 MICROPROCESSOR DETECTS ON-HOOK BY READING

BIT ““0” AND SET SYSTEM TO STANDBY MODE

FIGURE 5. MICROPROCESSOR INTERNAL POLLING (TYPICAL SEQUENCE)
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

TYPICAL APPLICATION DATA (see Notes 11 and 12)

RELAY
DRIVE
|
| o
RINGR AUX1
R Vss—
] —agv n/2
—v
| o (g b 0w
S S —e AM— RX0+ DGTL GND
l RS RS Z1/2 j:'
ANLG GND
TEST I VA RXO— v
RELAY I 2.2 uF Z7/2 TXOT |—
n TXFB
| 10 k2 CLKS [—
< S
| SR RS VWA TXI— DATA [—
o ANA—@—AAA 20 k2
l 400 2 200 o REWZ —
T | > AMA TXI+ o
— 2 —
—o\ n/ 20 k2 CE 2
| 10k 3
CLKM |[—
I e
RING y BALOT { 1 6
RELAY b3 b3 b3 21
. 1} qb > 2
RI963 SR/eE BALO -9 °
<
BAL1 -
Y supP— ‘6
R BAL2 S
LEGEND 9 SUP+ :: :t ::ZB _E
ANALOG DIGITAL 2 RN S
GROUND GROUND R/28.4¢ <SR/26.4 9 £
v 1 v £
= o
Typically, R = 600 kg 8
FIGURE 6. TCM4204A, TCM4205A SLCC STANDARD SUBSCRIBER LINE ©
e

NOTES: 11. All resistors should have tolerances of +1% or better.
12. If the battery-feed transformer is center tapped on the SLCC side, it is recommended that the center tap be left disconnected.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

TYPICAL APPLICATION DATA (see Notes 11 and 12)

‘P
4 100 k2
<
RELAY
DRIVE
J | | [ RINGER AUX1
R | SUPOT Vs
—{ VoD RXIN|—
2 e y
< RXO+ DGTL GND
) I < > j_.-
- l ANLG GND
@ TEST WA~ RXO-- %
D RELAY | 2.2 uF Z1/2 TXOT f—
o n TXFB
(=] | 10k23 CLKS h
3 SR RS )
| p3 S VWA I- DATA
3 A —@—AAA 20 kQ r
c I 10 0 97 200 O REWZ f—
= T 4009 @ AP TXI+
= = | n/2 20kQ cej—
Q
o ; 10k cLkm b—
o RING
=1 RELAY .y BALOT
7] : Ll
o S 821
= R/9.62 <2 R/9.6 BALO|-@
- . <
(2] BAL1
c. - SUP—
” O
(4 LEGEND SUP+ 3 37
ANALOG DIGITAL 3 Rt
GROUND GROUND R/28.43 <R/26.4 T;

“Typically, R = 600 k
FIGURE 7. TCM4207A SLCC STANDARD SUBSCngER LINE

NOTES: 11. All resistors should have tolerances of +1% or better.
12. If the battery-feed transformer is center tapped on the SLCC side, it is recommended that the center tap be left disconnected.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS

TYPICAL APPLICATION DATA (see Notes 11 and 12)

.\ RXO+ ANALOG RXIN
A SIGNAL
z
T/2 PROCESSING FIS':'(ER
(ATTENUATORS, HYBRID) OUTPUT
‘b g
3T
RXO- 328
- —ANV -:b
Z1/2
TXOT
T
FILTER
INPUT
RING +5V
% sLce
200 P!
_asv o~ J S RouT
) )¢ 625kn3 3625kn
600ka 3 600k g
® SUP+
N 22 uF
i
PN suP—
4: S
600 ke 3 600k S
200 © 3
221 3204k
TIP k2 h
40099

12. If the battery-feed transformer is center tapped on the SLCC side, it is recommended that the center tap be left disconnected.

FIGURE 8. INPUT/OUTPUT OFFSETS

NOTES: 11. Al resistors should have tolerances of = 1% or better.
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TCM4204A, TCM4205A, TCM4207A
SUBSCRIBER-LINE-CONTROL CIRCUITS
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RING 450 Q
o)
S
Z7/2
900 Q sSLCC
27
2.2 uF 2
T
T w 2
S
450 Q
e
TXOT RXIN
DETECT, VARYING
vom FREQUENCY
__I__ =
FIGURE 9. STRUCTURAL THL TEST CIRCUIT
20 k2 10 k2
224F RING T™XI— TXFB
O RXO+ —<4— RXIN
500 Q
- RL sLCcC
TIP
O TXOT
30V rms > l
2.2 uF
60 Hz
DETECT]
L VoM
10 kQ

L

FIGURE 10. LONGITUDINAL REJECTION TEST CIRCUIT

200
~48 V 2
200 § 900 Q
450 2
Z1/2
DIFFERENTIAL RMS SINGLE ENDED
SIGNAL LEVEL AT 900 © ACROSS 900 RXO+, RXO— RXO+, RXO—
6 dBmo . 1.8 Vrms 5.34 Vrms +3.78 Vpp
0 dBmo 0.95 Vrms 2.68 Vrms +1.89 Vpp
—10 dBmo 0.30 Vrms 0.85 Vrms +0.60 Vpp
—20 dBmo 95 mVrms 0.27 Vrms +189 mVpp
—30 dBmo 30 mVrms 85 mVrms +60 mVpp
—40 dBmo 9.5 mVrms 27 mVrms +18.9 mVpp
—60 dBmo 950 uVrms 2.7 mVrms +1.89 mVpp
—80 dBmo 95 uVrms 270 uVrms +189 uVpp

FIGURE 11. SIGNAL LEVELS, 2W SIDE
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PRODUCT
PREVIEW

TCM4208
SUBSCRIBER-LINE-INTERFACE CIRCUIT
QUAD DC-TO-DC CONVERTER

D2867, MARCH 1985

® Quad High-Efficiency DC-to-DC Down
Converter for Line Card Applications

® Power-Up, Power-Down, and Power-Denial
Modes

High Switching Frequency, Typ 256 kHz
5-V and —5-V Power Supplies

® CMOS Silicon-Gate.Technology for Low
Active and Negligible Standby Power
Dissipation

® Fast Turn On

TCM4208 . . . J
DUAL-IN-LINE PACKAGE

(TOP VIEW)
vop 1 U2o[J bee in 2
DCC IN 1 [z 19[] DCC OUT 2
pccout 13 18Joccing
pccIN3[]a 17]DCC OUT 4
DCC ouT 3 (s 16] ] GND
vec s 1s{]PDN 2
PDN 1 |7 14[ ] PDN 4
PDN 3 []8  13[JDC CONV 4
DC CONV 3[]9  12[]DC CONV 2
DC CONV 1 [J10 1] CLK

‘% \ 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.

description

The TCM4208 is a quad dc-to-dc down-converter designed to provide an optional solution to
minimize power dissipation when feeding analog subscriber lines. When used in conjunction with
the TCM4204, TCM4205, or TCM4207 Subscriber Line Control Circuit (SLCC), the incoming
dc supply voltage from the battery (or extended battery) is down-converted to feed the line without
substantial line-card power dissipation. The switching frequency is synchronized to the pulse-
code-modulation (PCM) clock. The use of high-frequency switching and small smoothing
components allows the size of the printed circuit board (PCB) to be reduced.

The TCM4208 is characterized for operation from 0°C to 70°C.

Telecommunications Circuits m
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TCM4208

SUBSCRIBER-LINE-INTERFACE CIRCUIT
QUAD DC-TO-DC CONVERTER

PIN NAME DESCRIPTION
1 Vpp -5 V supply voltage )
2 DCC IN 1 DC-control input, channel 1, is input for an on-chip amplifier and forms the control point for adjustment
of supply voltage
3 DCC OUT 1 DC-control amplifier output, channel 1
4 DCCIN 3 DC-control input, channel 3, is input for an on-chip amplifier and forms the control point for adjustment
of supply voltage
5 DCC OouUT 3 DC-control amplifier output, channel 3
6 Vece 5-V supply voltage
7 PDN 1 Power-down input, channel 1. This input has three input states .
8 PDN 3 Power-down input, channel 3. This input has three input statesT.
9 DC CONV 3 DC-to-DC converter output, channel 3. Output drives the gate of the MOS switch
10 DC CONV 1 DC-to-DC converter output, channel 1. Output drives the gate of the MOS switch
11 CLK Input from PCM clock
12 DC CONV 2 DC-to-DC converter output, channel 2. Output drives the gate of the MOS switch
13 DC CONV 4 DC-to-DC converter output, channel 4. Output drives the gate of the MOS switch
14 PDN 4 Power-down input, channel 4. This input has three input states™.
15 PDN 2 Power-down input, channel 2. This input has three input statesT.
16 GND Ground
17 DCC OUT 4 DC-control amplifier output, channel 4
18 DCCIN 4 DC-control input, channel 4, is input for an on-chip amplifier and forms the control point for adjustment
of supply voltage
19 DCC OUT 2 DC-control amplifier output, channel 2 .
20 DCCIN 2 DC-control input, channel 2, is input for an on-chip amplifier and forms the control point for adjustment

of supply voltage

S1IN2419) SUOHEJIUNWWODd | N

TSee ““Principles of Operation’’.
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TCM4208

SUBSCRIBER-LINE-INTERFACE CIRCUIT
QUAD DC-TO-DC CONVERTER

logic diagram (positive logic)

(3)

occ in 1 2 \ T
/;7—1/ 5 (10
——dr"
pon 1 2 b
(19)
occ in 2 22 \ i :
|7—~/ i I >\ 2
—q Rﬁ‘ —
pon 2 15! ﬁ,{>
@) )
DCC IN 3 \ l
‘7___/ = 1 @
—qr" —_7
pon 3 {8 %
(18) (17)
DCCIN4 \ l
r" - \ (13)
/ —dr A ‘Jj(> ?[_/
pon 4 14 4>
CTRDIVS
ct=0 p—
cT=2 p—-
ML S ) N
cT=s b |
cT=0,1
cT=2,3
cT=4,5
cT=6,7

DCCOUT 1

DC CONV 1

DCC OUT 2

DC CONV 2

DCC OUT3

DCCONV 3

DCCOUT 4

ts X1

Ircul

DC CONV 4
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TCM4208 '
SUBSCRIBER-LINE-INTERFACE CIRCUIT
QUAD DC-TO-DC CONVERTER

PRINCIPLES OF OPERATION

The TCM4208 is a quad dc-to-dc conversion device that is principly used in line card applications for down
converting the feed voltage on short telephone lines. It can also be used in other switched power supply
applications.

Each of the four channels on the TCM4208 is under the control of the PDN (power-down control) input
and three states can be obtained (see functional block diagram).

operational states

$1IND419 SUOHEJIUNWIWO093|9 | M

1. Power down (PDN input at O V). The corresponding output pin (DC CONV) goes high and remains
so while PDN is at O V. This gives 100% of the input supplied (Vhatt) to the Vreg rail.

2. Power up (PDN input at 5 V). The corresponding output pin (DC CONV) goes into a switching mode,
the output duty cycle being controlled by an on-chip ramp generator, amplifier, and comparator
such that a precision dc output (Vreg) can be obtained and scaled from an input (Vcont).

3. Power denial (PDN input at —5 V). The corresponding output pin (DC CONV) goes into a 256%
““on’" switching mode causing 25% of input Vpatt to be supplied to the Vygg rail.

circuit configuration

The normal configuration is as shown in the typical application data. Resistors R1 and R2 adjust the gain
of the control loop in the power-up mode. The DC CONV output can be modulated from 100% on to 25%
on. This occurs only when a very short line is being fed.

The switch (a small-signal N-channel VMOS transistor) is switched at 256 kHz and a 3.3-mH ferite choke
and a 0.1-uF capacitor are sufficient for smoothing. The diode (a TN914 or equivalent) should have a fast
recovery to maximize the total efficiency of the system. The diode from the gate of the VMOS goes to
Vi (a low-current bias voltage that is 6 to 8 volts more positive than Vpatt), which is used to turn on the
switch in the power-down mode.
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TCM4208
SUBSCRIBER-LINE-INTERFACE CIRCUIT
QUAD DC-TO-DC CONVERTER

TYPICAL APPLICATION DATA

R1

Veont ——‘\M—l

0.1 uF

v v
0———-)'———-‘ bat—93y 33mH s

@r "} Vi 0.1 4F
DCCINT| =
1000

|
+ (10} F
5 o Je
A —1__~7 | DCCONV 1 L

I—C R v,
CTRDIV 8

cT=0
cT=2
CLK-(—"—)I——>+ cT=4

cT=6
cT=0,1
cT=2,3

> X
> N

e
<
<

(7)

iy

PDN 1

_RZ
Vg=
Ry

Veont

T

p*

CT=4,5
CT=6,7

TCM4208 CHANNEL 1

—————— e ]

FIGURE 1. TCM4208 TYPICAL APPLICATION CIRCUIT (ONE CHANNEL ONLY)

- Ve —05V

occonvi1 [T [ 1 T ] M '_—l—vggmsv
- == === —mmmm e —m e ——— 5V
PDN 1 e ov
| - 5V

FIGURE 2. TIMING AND WAVEFORMS

*Ris the ramp reset pulse occurring at one-eighth the CLK input rate. Each converter has its own ramp reset pulse and the four reset
pulses are spaced at quarter bit intervals. Similarly each converter has its own P pulse lasting for two clock cycles.

ircui
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TCM5087
TONE ENCODER

D2650, NOVEMBER 1982 —REVISED OCTOBER 1984

e & o o

A
Ara\

description

Low-Cost TV Color-Burst Crystal Sine-Wave
Input Produces Highly Accurate and Stable
Tones

Device Powered Directly by Telephone or
Small Batteries

Keyboard or Electronic Input Capability
Dual-Tone and Single-Tone Capability
Minimal Standby Power Requirement

Total Harmonic Distortion Meets EIA
Standard RS-470

PEP3 Processing Available

Wide Supply-Voltage Range

Minimal Parts Required

Single-Tone Production Can be Inhibited

Auxiliary Switching Outputs: One Bipolar
Transistor and One CMOS Gate

Designed to be Interchangeable with Mostek
MK5087

The TCM5087 tone encoder is a CMOS integrated circuit designed specifically to generate the dial tones
used in dual-tone telephone dialing systems. It requires a sine-wave input normally supplied by a low-cost
TV color-burst crystal at 3.579545 MHz to generate eight different audio sinusoidal frequencies. With
this input the encoder generates dial tones that are very low in total harmonic distortion and comply with
standard Dual-Tone Multi-Frequency (DTMF) specifications without any need for frequency adjustment.

When generating a dual-tone signal, the encoder generates one column tone and one row tone and adds
them for its output. The table below presents the frequencies produced by the tone encoder with the
3.579545-MHz TV-crystal signal input. Any deviation in this frequency will be reflected in the frequency

N DUAL-IN-LINE PACKAGE

(TOP VIEW)
vpp [+ Uis[]TONE oUT
XMITTER SW [J2 15[ ] SINGLE-TONE ENABLE
coL1[}s 14a[JROW 1
coL2[]a 13[JROW 2
coL3[]s 12[]ROW 3
Vss (e " % ROW 4
oscIN[]7 10[JMUTE oUT
0SC oUT (|8 o[]coL 4

output. The tolerance of the crystal is normally 0.02%.

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.

AN |

1Ircul

Telecommunications C

DTMF ENCODER ERROR
TONE STANDARD OUTPUT* FROM STANDARD*

(Hz2) (Hz) (%)
Row 1 697 701.3 +0.62
Row 2 770 771.4 +0.19
Row 3 852 857.2 +0.61
Row 4 941 935.1 -0.63
Column 1 1209 1215.9 +0.57
Column 2 1336 1331.7 -0.32
Column 3 1477 1471.9 -0.35
Column 4 1633 1645 +0.73

*Using an input signal from a 3.579545-MHz crystal.

PRODUCTION DATA documents contain
information current as_of
Products conform to specifications per the terms
of Texas Instruments standar

ublication date.

warrant_y‘

¥ il ']
include (estilrig of all parameters.

s not ily

‘ {ip
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TCM5087
TONE ENCODER

operation
keyboard and electronic inputs

The specific tone or tones generated are determined by inputs designated ROW 1 through ROW 4 and
COLUMN 1 through COLUMN 4. The inputs are normally received from a 2-of-8 DTMF (DPST) keyboard,
a Class A (SPST) keyboard, or an electronic circuit. Unlike dynamic or scanned inputs, the static inputs
of the TCM5087 do not generate noise. See function table for input and output description.

CLASS A KEYBOARD (SPST) 2-0f-8 DTMF KEYBOARD (DPST)
——& | & CcOLUMN

COLUMN ¢——4& & p ROW "OEP‘:‘&E —e L
LA A ROW

single-tone enable input

This input inhibits the generation of single tones when taken low. All other chip functions remain unchanged.
If the input is high or left open, single-tone operation is enabled.

transmitter switch output

This output is at high impedance when one or more of the column inputs are active and is high when all
column inputs are inactive. The output is the emitter of a bipolar transistor whose collector is at Vpp.

mute output
The mute output is high when one or more column inputs are active and is low when all column inputs
are inactive. .

functional block diagram

osc N bc B osc out

(1) >
Vbp P Vbp
2333 CTRDIV K
1 399 9
ROW 1= [K=5104]
ROW 2: 3 : [K=4640]
ROW 3= [K=4176]
AoW 4 [K=3828]
—t
EN
SINGLE = b
TONE (15)
ENABLE
[ (16)
S TONE OUT
- VDD
CTRDIV K
;“ 2 ywiTTER sw
+
COLUMN 1 8; [K=2944] |
COLUMN 225 [K=2688]
COLUMN 3—2- - (K=2432] o)
COLUMN 4 - [K=2176] *——CD——MUTE out
> 2 <
S3SS
> S > <P
©® 33 >
Vss ® Vss
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TCM5087

TONE ENCODER

TONE ENCODER FUNCTION TABLE

INPUT TONE QUTPUT TRANSMITTER SWITCH
MUTE OUTPUT
COMBINATIONS PIN 15% OPEN PIN 15 AT Vgg OUTPUT
0 rows o o L H
0 columns
1 row .
Row and column Row and column H Hi-Z
1 column
2
or more rows column o] H Hi-Z
1 column
1 row .
Row o] H Hi-Z
2 or more columns
2
or more rows o o H Hi-z
2 or more columns
O rows Column (o] H Hi-Z
1 column
0
rows 0 0 H Hi-Z
2 or more columns
1
or more rows o 0 L H
0 columns

TRow inputs will be active (on) when the input voltage is at a low level (V| < V)L), and column inputs are active at a high input level.

Under keyboard control, connecting a row input to a column input activates both.
tPin 15 is the single-tone disable input.

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

Supply voltage Vpp (see Note 1)

Input voltage range
Output voltage range

Continuous power dissipation at 25 °C free-air temperature (see Note 2)

Operating free-air temperature range .
Storage temperature range

NOTES:

1. All voltage values are with respect to the Vgg terminal.
2. For operation above 25°C free-air temperature see the Dissipation Derating Curve.

DISSIPATION DERATING CURVE

~._

,\\

1200
z
£ 1000
s
S
5
2 800
a
3 600
3
£
£
5
8 400
£
3
E
H 200
s

25

35 45 55

65 75 85

Ta—Free-Air Temperature—°C

-0.3VtoVpp + 0.3V
-0.3VtoVpp + 0.3V

-30°C to 70°C
-55°C to 150°C

ts N1

ircui

135V

1150 mW
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TCM5087
TONE ENCODER

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, Vpp 3.5 10 \
High-level input voltage, ViH Row lnpurs foff 0.9 Vop VoD \%
All other inputs 0.7 Vpp : Vpp
Low-level input voltage, V) Column lr'rputs (off Vss 01 Vbp \Y
All other inputs Vss 0.3 Vpp
Contact resistance between row and column inputs ‘ 100 Q
V| =
Tone-output load resistance, R DD =5V 520 o
Vpp > 5V 330 Q
Operating free-air temperature, Tp . -30 70 °C

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

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
Column or row input resistance 10 kQ
Single-tone-enable input resistance to Vpp Ta = 256°C 20 100 kQ
Mute output Vpp = 3V, loH = 0.2 mA, 2
. Vpp = 10V, gy = 0.5mA 9
VoH  High-level output voltage e e n Vob = 35V, lon = 15 mA 15 25 v
output Vpp =10V, gy = — 40mA 8
VoL Low-level output voltage, mute output zzg : 1130V\,/’ :gt ; :g; :i 82 \Y
ioL Off-state current transmitter switch output Vpp =10V, Vo =0V 10| pA
IDDstby Standby supply current with outputs unloaded Vop = 38V 0.25 100 uA
Vpp = 10V 0.5 200
IDDop ~ Operating current Vop = 35V, SeeNote3 ! 2 mA
. Vpp =10V, See Note 3 5 10

operating characteristics over recommended ranges of operating free-air temperature and supply voltage
(unless otherwise noted)

PARAMETER . TEST CONDITIONS ! MIN  TYP MAX | UNIT
Output rms voltage Row tone RL = 330 Q to 1 kQ, 317 400 500 Y
Column tone Ta = 25°C 396 500 630 )
Preemphasis (column tone to row tone) 1 2 3| dB
Dual-tone output distortion (see Note 4) Vpp =4V ~20] dB
Quiescent tone-output power ~80 | dBm
Tone-output rise time (see Note 5) 3 5| ms

TUnless otherwise noted, test conditions are: R_ = 620 @ for Vpp < 5V or R = 330 Q for Vpp > 5 V. Crystal parameters are the
following: f = 3.579545 MHz +0.02%, Rg < 100 @, C| = 18 pF, Cpq = 0.02 pF, C = 5 pF, L)y = 96 mH.
NOTES: 3. Operating current is measured with all outputs unioaded, one row input connected to one column input, and normal oscillator
input.
4. Distortion is expressed as the ratio of total out-of-band power relative to the total fundamental power for the dual tone.
5. This.is the time required for output to change from its quiescent value to 90% of its final rms value.

2-184 TExas b
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TCM5087
TONE ENCODER

output waveforms

Typical row and column stairstep approximations of sinusoidal outputs are shown in Figures 1 and 2. The
row and column outputs are added together resulting in a typical dual-tone waveform as shown in Figure 3.
Spectral analysis of this dual-tone waveform shows that aill harmonic and intermodulation distortions are
typically 30 dB below the strongest column-tone fundamental.

0.5 V/div
0.5 V/div
0.5 V/div

0.2 ms/div 0.2 ms/div 0.2 ms/div
FIGURE 1 FIGURE 2 FIGURE 3

distortion considerations

ts [

The following formula is used to calculate the total harmonic distortion of a single row or a single column: 5
e 3]

W22 + V312 + Vag2 + VB2 + ... + Vpf2 =

THD = x 100% (&]
V¢ (2]

=

where V2 is the second harmonic of the fundamental frequency V1f waveform and so on. The dual-tone 9
total harmonic distortion is: ‘5
(3}

2 2 2 2 2 2 =

THD = \/VZR + V3R + ... + VpR% + V2¢c4 + ...Vpnc4 £ VIMD x 100% g
VVFRZ + VEc2 €

where VER and VFC are the row and column fundamental frequency waveforms, and VoR and Vo, etc., ©
are the corresponding harmonics. 8
The total intermodulation distortion is: E

ViMD2 = (VIR + V1C)2 + (VIR = V1C)2 + . .. + (Vnr + VnC)2 + (VnR — VnC)2

A relatively simple method of distortion measurement uses a spectrum analyzer to relate the harmonics
to the fundamental frequency waveform. The tone encoder. spectrum indicates the harmonics and
intermodulation distortion at least 30 dB down relative to the column tone.

Another method for distortion measurement of the dual-tone waveform is to compare the total power in
the fundamental frequencies with the total power in the various harmonics plus intermodulation on a signal
analyzer. The encoders provide an output distortion of — 20 dB maximum when operated between 3.5 volts
and 10 volts. If operated between 3 volts and 3.5 volts, some clipping occurs at the output causing the
distortion to exceed the —20 dB level.

i
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TCM5087
TONE ENCODER

TYPICAL APPLICATIONS DATA

1

COLUMN ¢———A

CLASS A KEYBOARD (SPST)

TCM5087

2N 3904
OPTION

2N3

324kq

{15)]

Vss

TONE

ROW 1

ROW 2

ROW 3

OUTPUT Row 4

Vob

SINGLE-
TONE

coL1
coL 2
coL 3

~——bisasLe CO-4

MUTE

(10) ouT
TRANSMITTER

(2)

TYPICAL VALUES
C1=0.001 uF

R’L = 150 52 optional

SIDETONE- BALANCE D1, D2, D3, D4 = 1N4004
NETWORK D5 = 1N4743 (13 volt)

® ®

$3IN2419) SUONEIIUNWWOD9|9 ] N

FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANCE NETWORK,

SWITCH
OUTPUT
OUTPUT

OSC
INPUT

0sC

ROW

CLASS A KEYBOARD

R =82 Q (or 10 k2 if optional tranistor is used)

Y Y Y \¢
IDETONE-BALANCE NETWORK

14) ==
1 2 A '
-
(13) a 5 B E
12 -5
25T ci
.ad
(kL] I DI
(3) ] T"
4) [
¢ 1
1
(5) 1
1
L J
(7)
O xTAaL
(8)
XTAL PARAMETERS:
Cp = 0.02 pF
Ly =96 mH
CH=5pF

f = 3.579545 MHz

ELECTRONIC SWITCHING, AND LOW-COST (CLASS A) KEYBOARD

2186 v Texas {?
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TCM5089
TONE ENCODER

02651, NOVEMBER 1982 —REVISED OCTOBER 1984

® Low-Cost TV Color-Burst Crystal Sine-Wave N PACKAGE

Input Produces Highly Accurate and Stable (TOP VIEW)

Tones Vpp L} U 16| ] TONE OUTPUT
® Device Powered Directly by Telephone or TONE ENABLE []2 15[ ] SINGLE-TONE ENABLE

Small Batteries coL 1(s 14[] ROW 1

. - cor2[]s 13[JROW 2
® Keyboard or Electronic Input Capability cor 3[s 12l ROW 3
® Dual-Tone and Single-Tone Capability vss[]e 11[JROW 4
ini : osc INPUT[]7  10[] KEYBOARD ACTIVE

@ Minimal Standby Power Requirement 0SC OUTPUT (3 of] Cor 4
® Total Harmonic Distortion Meets EIA

Standard RS-470

PEP3 Processing Available

Wide Supply-Voltage Range

Minimal External Parts Required
Single-Tone Production Can be Inhibited

Separate Tone Enable Provided

Auxiliary Switching Bipolar Transistor
Available

s [0

@ Designed to be Interchangeable with Mostek
MK5089

ircul

‘% 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.

description

The TCM5089 tone encoder is a CMOS integrated circuit designed specifically to generate the dial tones
used in dual-tone telephone dialing systems. It requires a sine-wave input normally supplied by a low-cost
TV color-burst crystal at 3.579545 MHz to generate eight different audio sinusoidal frequencies. With
this input the encoder generates dial tones that are very low in total harmonic distortion and comply with
standard Dual-Tone Multi-Frequency (DTMF) specifications without any need for frequency adjustment.

When generating a dual-tone signal, the encoder generates one column tone and one row tone and adds
them for its output. The table below presents the frequencies produced by the tone encoder with the
3.579545-MHz TV-crystal signal input. Any deviation in this frequency will be reflected in the frequency
output. The tolerance of the crystal is normally 0.02%.

Telecommunications C

DTMF ENCODER ERROR
TONE STANDARD OUTPUT* FROM STANDARD*
(Hz) (Hz) (%)
Row 1 697 701.3 +0.62
Row 2 770 771.4 © +0.19
Row 3 852 857.2 +0.61
Row 4 941 935.1 -0.63
Column 1 1209 1215.9 +0.57
Column 2 1336 1331.7 -0.32
~ Column 3 1477 1471.9 -0.35
Column 4 1633 1645 +0.73
*Using an input signal from a 3.579545-MHz crystal.
PRODUCTION DATA documents contain . Copyright © 1982, Texas Instruments Incorporated
information current as of publication date. . b
:fmd?:;sa scnn_form to specifications per the terms
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TCM5089
TONE ENCODER

operation

keyboard and electronic inputs

The specific tone or tones generated are determined by inputs designated ROW 1 through ROW 4 and
COLUMN 1 through COLUMN 4. These input levels are normally received from a 2-of-8 DTMF (DPST)
keyboard or from an electronic circuit. Unlike dynamic or scanned inputs, the static inputs of the TCM5089

do not generate any noise. See function table for input and output description.

single-tone enable input

2-0f-8 DTMF KEYBOARD (DPST)

—& | & COLUMN
Vgg —@ —
LA A& poOw

This inhibits the generation of single tones when taken low or left open. However, all other chip functions
remain unchanged. If the input is high, single-tone operation is enabled.

tone enable input

. unchanged.

inactive.

[vd]

keyboard active output

functional block diagram

The tone enable input, when low, disables the tone output of the encoder. Other chip functions remain

This output provides for switching of an external receiver, transmitter, or other functions. The output is
low whenever one or more column inputs are active and at a high impedance when all column inputs are

8)

$1IN2J1) SUONEDIUNWIWOD3|d | M

SINGLE-
TONE (15

osc IN Dc
1
VDD n ¢ % VDD
333 p: CTRDIV K
< <
Row 112 [K=5104]
Fow 2113 [K=4640]
ROW 3 [K=4176]
ROW4 '2') [K=3828]
TONE ENABLE —2. —t >+
= EN

G
Y

ENABLE

Vss

EN

D

oo

=1 ®
=1 J CTRDIV K

AA

Vobp %

W
A%
AM

0SC OUT

Vbp

18)_tonE ouT

19 KEYBOARD ACTIVE .
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TCM5089
TONE ENCODER

TONE ENCODER FUNCTION TABLE

INPUT TONE OUTPUT KEYBOARD ACTIVE
PIN 2 OPEN?¥ PIN 2 OPEN?
COMBINATIONS T t t PIN 2 AT Vgg# OUTPUT
PIN 15 at Vpp PIN 15 at Vgg
0 rows .
0 0 (o] Hi-Z
0 Columns
1 row
Row and column Row and column 0 L
1 column
2
or more rows column 0 o L
1 column
)
row Row 0 0 L
2 or more columns
2 or more rows
0 0 0 L
2 or more columns
O rows Column 0 0 L
1 column
0
rows o 0 o L
2 or more columns
1
or more rows 0 o o Hi-Z
0 columns

T An inactive level can be produced by an open circuit. Under voltage-level control, row and column inputs will be active when low as
defined by V|| in recommended operating conditions.
tPin 15 is the single-tone enable input; Pin 2 is the tone-enable input.

N |

ircui

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

Supply voltage VDD (see NOte 1) .. . ..ot e e 13.5V
Input voltage range . . ... ... .. -0.3VtoVpp + 0.3V
Output voltage range . . ... ..ottt -0.3VtoVpp + 0.3V
Continuous power dissipation at 25°C free-air temperature (see Note 2) ............. 1150 mW
Operating free-air temperature range . .. ... ...... .t —30°C to 70°C
Storage temperature range . . .. ... ..o vt ettt e —-55°C to 150°C

NOTES: 1. All voltage values are with respect to the Vgg terminal.
2. For operation above 25°C see the Dissipation Derating Curve.

DISSIPATION DERATING CURVE

1000 \¥\
\

800 .

600 ~

1200

Telecommunications C

400

200

Maximum Continuous Dissipation—mW

25 35 45 55 65 75 85
TA—Free-Air Temperature—"C

i
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TCM5089
TONE ENCODER

recommended operating conditions

MIN NOm MAX | UNIT
Supply voltage, Vpp 3 10 Vv
High-level input voltage, any input, V|4 0.7 Vpp Vpp \
Low-level input voltage, any input, Vi Vss 0.3 Vpp \
Operating free-air temperature, Ta -30 70 °C
electrical characteristics over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
Input resistance, single-tone input to Vgg 20 100 | kQ
10H High-level output current, keyboard active output Vo =5 vT 2| WA
loL Low-level output current, keyboard active output Vo = 0.5 v -500 wA
IDDstby ~ Standby power supply current Vpp = 10V, See Note 3 200 | pA
Vpp = 3.5V, See Note 4 2| mA

'DDop Operating power supply current

(unless otherwise noted)

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

PARAMETER TEST CONDITIONS ¥ MIN  TYP MAX | UNIT
Output It Row tone Vpp = 3.5V, R_ = 10 ka 235 3651 mv
utput rms voltage Column tone oD ’ oL 275 516
Preemphasis (column-tone to row-tone) RL = 10 kQ 2.4 3| dB
Dual-tone output distortion (see Note 5) Vpp = 3.5V, R = 10 k@ -20| dB
Quiescent tone-output power RL = 10 kQ —80 | dBm
Tone-output rise time (see Note 6) 2.8 5| ms

TV is the dc bias on the keyboard-active output.

S1IN241ID) SUOIEDIUNWWOI3|d | N

¥Crystal parameters are as follows: f = 3.579545 MHz +0.02%, Rg < 100 @, C| =
NOTES: 3. Standby power supply current is measured with no inputs activated.
4. Operating current is measured with all outputs unloaded, one row inut and one column input active, and normal oscillator input.
5. Distortion is expressed as the ratio of total out-of-band power relative to the total fundamental power for the dual tone.
6. This is the time required for the output to change from its quiescent value to 90% of its final rms value.

18 pF, Cpy = 0.02 pF, and Ly = 96 mH.
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TCM5089
TONE ENCODER

output waveforms

Typical row and column stairstep approximations of sinusoidal outputs are shown in Figures 1 and 2. The
row and column outputs are added together resulting in a typical dual-tone waveform as shown in Figure 3.
Spectral analysis of this dual-tone waveform shows that all harmonic and intermodulation distortions are
typically 30 dB below the strongest column-tone fundamental.

0.5 V/div
0.5 V/div
0.5 V/div

0.2 ms/div 0.2 ms/div 0.2 ms/div
FIGURE 1 FIGURE 2 ‘ FIGURE 3

distortion considerations

The following formula is used to calculate the total harmonic distortion of a single row or a single column:

W22 + V362 + Va2 + VB2 + .. . + Vpi2
THD = x 100%
Vit

where V2t is the second harmonic of the fundamental frequency V1§ waveform and so on. The dual-tone
total harmonic distortion is: -

WorZ + Vap2 + ... + VpR2 + Vac2 + ... Vnc2 = ViMD2
JVERZ + VEC2

where VFR and VEC are the row and column fundamental frequency waveforms, and V2R and V2¢, etc.
are the corresponding harmonics.

x 100%

THD =

Telecommunications Circuits m

The total intermodulation distortion is:
VIMDZ = (VIR + V1C)12 + (VIR = V102 + ... + (Vpr + Vne)2 + (VpR — Vneo)2

A relatively simple method of distortion measurement uses a spectrum analyzer to relate the harmonics
to the fundamental frequency waveform. The tone encoder spectrum indicates the harmonics and
intermodulation distortion at least 30 dB down relative to the column tone.

Another method for distortion measurement of the dual-tone waveform is to compare the total power in
the fundamental frequencies with the total power in the various harmonics plus intermodulation on a signal
analyzer. The encoders provide an output distortion of — 20 dB maximum when operated between 3.5 volts
and 10 volts. If operated between 3 volts and 3.5 volts, some clipping occurs at the output causing the
distortion to exceed the —20 dB level.

{if
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TCM5089
TONE ENCODER

APPUCAﬂONSlNFORMAﬂON

A A

Vss-—JD J

A A ROW

2-0f8 DTMF KEYBOARD (DPST)

(16))

RINGER )

W

o)

TCM5089
ss
ROW 1
ROW 2
AOW 2
TONE
OUTPUT ROW 4
cor 1
v __
oo toL 2
cor 3
CoL 4
osc
INPUT
KEVBOARD
ACTIVE
osc
OUTPUT

COLUMN

B T

MiC. Vss
B
/-
A4
|, J
SIDETONE-BALANCE
NETWORK

TYPICAL VALUES

¢
C1=0.001 uF

RL = 120 Q (or 10 k2 if optional transistor is used)
R’L = 150 2 optional

D1, D2, D3, D4 = 1N4004

D5 = 1N4743 (13 volt0

S}HNOJID SUOIIBDIUNWWOD|3 | N

SIDETONE-BALANCE NETWORK

2-OF-8 KEYBOARD
-
hﬁﬂ 1{ 2|3 E
R
G I BE
i
.(l!l * 0 = D :
3 T
|
() !
5) |
o _ ______ J
7)
— 1
D XTAL
@ ]

XTAL PARAMETERS:

Cm = 0.02 pF
Lm =96 mH

CH=5pF

f = 3.5679545 MHz

FIGURE 4. TYPICAL APPLICATION USING HYBRID COIL SIDETONE-BALANCE NETWORK,
ELECTRONIC SWITCHING, AND LOW-COST (CLASS A) KEYBOARD
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PRODUCT TCM78808
PREVIEW OCTAL ASYNCHRONOUS RECEIVER/TRANSMITTER
D2941, APRIL 1986
® Eight Independent Full-Duplex Serial Data FN, HA, OR HB PACKAGE
Lines (TOP VIEW)
® Programmable Baud Rates Individually § é‘% ‘é éé’E }g § S 8§ élé 'gé
Selectable for the Transmitter/Receiver of 1:355533'— e o
Each Line (50 to 19,200 Baud) ouh 98765432 16867666564636260 0
10 60[[NC
® Summary Registers Allow a Single Read to DLe[J1 59(]Vss1
Detect a Data Set Change or to Determine bL5 {112 safJCLK
. DL4[]13 57[JMRESET
the Cause of an Interrupt on Any Line ROV[]14 se[]as
Triple Buffers for Each Receiver R\E::;%IZ :EE:';
Device Scanner Mechanism Reports %%:; :Eiiz
Interrupt Requests Due to Ncfre s1(A1
Transmitter/Receiver Interrupts Nc[)20 50[Ja0
ps1{2 49(JiRQ
® Independently Programmable Lines for pL3[]22 48(]IRQTXRX
Interrupt-Driven Operation DL2 2‘3‘ 47E‘F‘0LN2
pL1[]2 46[JIRQLN1
® Modem Status Change Detection for Data pLofJ2s ASEIRQLNO
: VbD1[]126 44(]Vpp2
set Rea(_’y (DSR) and Data Carrler DeteCt 27 28 29 30 3132 3334 35 36 37 38 3940 4142 43 2
(DCD) Signals Sonona “":::’:;’?:’3%
[a] (aNaiya] [a))[:5) (a ¥ ala] c Qv
® Programmable Interrupts for Modem Status X8 ’ ’Q REXIR 8,’5 x |8 QLXEIR I‘.’g’ x9 ﬁ
Changes =
NC—No internal connection =
® Synchronizes Critical Read-Only Registers 2

Replaces Eight Signetics 2661 UARTs

description

The TCM78808 octal asynchronous receiver/transmitter is designed for the new generations of
asynchronous serial communications and for microcomputer systems. The device performs the basic
operations necessary for simultaneous reception and transmission of asynchronous messages on eight

independent lines.

On-chip baud rate generation allows the designer to select and program any one of 16 rates between 50
and 19,200 baud. Baud rates are selectable for each receiver and transmitter. A built-in scanning mechanism
provides an alternative to the customary polling of status registers.

The TCM78808 functions as a serial-to-parallel, parallel-to-serial converter/controller. It can be programmed
by a microprocessor to provide different characteristics for each of its eight serial data lines (stop bits,
parity, character length, baud rates, etc.). Each individual serial line functions as a one-line UART-type device.

Telecommunications C

An integral interrupt scanner checks for device interrupt conditions on the eight lines of the TCM78808.
Its scanning algorithm is designed to give priority to receivers over transmitters. The scanner can also be
programmed to check for interrupts due to changes in modem control signals (DSR and DCD).

The TCM78808 contains two types of programmable registers:

line specific and summary. The six line-

specific registers provide independent control of each of the eight serial lines. Two summary registers
consolidate information about the current state of all eight lines and allows programs to service device

interrupts quickly and efficiently.

PRODUCT PREVIEW documents contain information
on products in the formative or design phase of
development. Characteristic data and other
specifications are design goals. Texas Instruments
reserves the right to change or discontinue these
products without notice.
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TCM78808 |
OCTAL ASYNCHRONOUS RECEIVERITRANSMITTER

Each of the eight serial data lines in the TCM78808 has a set of line-specific registers for buffering data
into and out of the line and for external control of line characteristics. The receiver buffer register comprises
a character assembly register plus a two-entry first-in first-out (FIFO) buffer. The transmitter holding register
provides similar functions on the output side. Information about the current state of the given line is contained
in the (read-only) status register. Two mode registers control communications parameters. One mode register
handles stop bits, parity, character length, and modem control interrupt enable (MCIE). The second mode
register sets the incoming and outgoing baud rates. The command register controls various other functions
of the given line.

The TCM78808 has a pair of summary registers that provide the current status of all eight serial data
lines. This makes it possible to determine that line status has changed with a single read operation. The
(read-only) interrupt summary register indicates that an interrupt has occurred, and contains both the line
number that generated the interrupt and the corresponding direction of flow (transmitter or receiver). With
both MCIE set and receiver interrupt enable, the interrupt summary register will respond to changes in
DSR or DCD. The data-set-change summary register monitors changes in DSR or DCD on a line-by-line
basis and indicates whether a modem status change has occurred on each data line subsequent to the

last time the corresponding bit was cleared.

The TCM78808 is characterized for operation from 0°C to 70°C.

SIGNAL DESCRIPTION
AO THRU A5 Address bits O through 5 select the internal registers in the TCM78808.
CLK Clock input for timing
[ Chip Select. When low, activates the TCM78808 to receive and transmit data over data lines DLO through DL7.

DCDO THRU DCD7

Data-Set Carrier Detect inputs monitor data-set carrier detect signals from modems.

DLO THRU DL7

Data Lines O through 7 receive and transmit the parallel data.

DST, DS2

Data Strobes 1 and 2 receive timing information for data transfers. The DS1 and DS2 inputs must be connected
together.

DSRO THRU DSR7

Data Set Ready inputs monitor data-set-ready signals from modems.

IRQ

Interrupt Request output requests a processor interrupt.

IRQLNO THRU IRQLN2

Interrupt Request Line number outputs indicate the line number of the originating interrupt request.

IRQTXRX

Interrupt Request Transmit/Receive output indicates whether an interrupt request is for transmitting or receiving
data.

MRESET

Manufacturing Reset. For manufacturing use
RDY Ready output indicates when the TCM78808 is ready to participate in data-transfer cycles.
RESET Reset input initializes the internal logic.

RXDO THRU RXD7

Receive Data inputs accept asynchronous bit-serial data input streams.

TXDO THRU TXD7

Transmit Data output provides asynchronous bit-serial data output streams.

Vppo THRU Vpp2

5-volt nominal power supply

Vsso THRU Vgsa

Ground reference

WR

Write input specifies direction of data transfer on the DLO through DL7 lines.
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TCM78808
OCTAL ASYNCHRONOUS RECEIVER/TRANSMITTER

functional block diagram

Y i |5 TXDO
D51 ——p— L Q > | —<€—RXDO
—_ < D D CHANNEL 0 _
WR——p—+ 10 AN INTERRUPT 7S |—<¢—DSRo
CONTROL SUMMARY | «—5Coo
DLO-DL7 | Locic REGISTER || ¢ o1
& Vi | D | —<—RxD1
—_—] CHANNEL 1
RESET——p—— (\ 2 — 2 > |—¢—DSR1
<2 —e—DCD1
- L A\ —»— TXD2
RO——4— 4>
INTERRUPT |~ L Vi ] S7 | canne 2 [T XP2
{ -
IRQLNO-IRQLN2 controL | ] D S | —«— DSR2
LOGIC ~ Send
IRQTXRX———¢— DATA SET N7 ——
CHANGE — = —>— TXD3
SUMMARY - { D> AXD3
Z ] cHanneL 3
. > -
DS2——1 AppRess D> 4 \> <—DsR3
@ DECODE > — —<— DCD3 2
- LOGIC LN
‘ L —»— TxD4
(2 | o
BAUD mED; CHANNEL 4 a2
RATE S v —<—0DsR8 B
GENERATOR D S
— |—»— TXD5 R
t11 < |—<&¢— RXD5 U
> | channeLs __
| —<— DSRE 7,
CLK———  crock > <2 | —«—DCD5 c
MRESET———p— GENERATOR 7 S
L —»— TxD6 =
— <\ ,> |—<«—Rrx06 @©
D CHANNEL 6 o .9
{ > oatasus D c
4 N —<— DCD6 5
L AN —»— TXD7 E
<> | —<e— RXD7 £
D CHANNEL 7 s
|—<— DSR8 o
D CONTROL BUS D> o
7 —~ | —«— DCDB o
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TCM73808 ,
OCTAL ASYNCHRONOUS RECEIVER/TRANSMITTER

absolute maximum ratings over operating free-air temperature range

SUPPLY VORAGE, VDD - - - o v v o ettt e e 7V
Input voltage, V|........... PO -5Vto7V
Input current, Ij .. . ... . —-30 mA to 5 mA
Operating free-air temperature range . . . ... ... ...ttt iininn . 0°C to 70°C
Storage temperature raNge . ... ... .v ottt e -65°C to 150°C

recommended operating conditions

MIN NOM MAX UNIT
Supply voltage, Vg 4.75 5 5.25 \
High-level input voltage, V|4 2 v
Low-level input voltage, Vi 0.8 \Z
Operating free-air temperature, Tp (o] 70 °C
electrical characteristics over recommended operating free-air temperature range, Vpp = 5.25 V (unless
otherwise noted)
PARAMETER TEST CONDITIONS MIN MAX UNIT
Vpp = 4.75 V,
VoH High-level output voltage loH for DLO thru DL7 = -1 mA, 2.4 Vv
Ioy for all other (except IRQ and RDY) = ~2 mA
Vpp = 4.75 V,
VoL Low-level output voltage lpL for DLO thru DL7 = 5.5 mA, 0.4 \
. loL for all other = 3.5 mA
I High-level input current V| = 5.25 V ’ 10 A
L Low-level input current : Vi=0 -10 A
L DLO-DL7 -50 -180 .
lost ::f;_tc:zz:m All other outputs Vpp = 5.26V -30 110 mA
except IRQ and RDY :
Off-state output current,
IOZHt high-level voltage applied Vo =24V -0 KA
Off-state output current,
IOZLt low-level voltage applied Vo =04V ) 10 KA
Ipp Supply current Vpp =5V, Ta = 25°C 240 mA
Ci Input capacitance 4 pF
Cio%  Input/output capacitance ) 5 pF

T Not more than one output should be short circuited at a time, and the duration of the short should not exceed one second.
Al three-state output drivers are wired in an 1/0 configuration. The parameters include the driver and receiver input currents.
$This parameter includes the capacitive loads of the output driver and the receiver input.

S1IN241) SUOREDIUNWWO3|d | N
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TIL181
OPTOCOUPLER

D2906, OCTOBER 1985

mechanical data

COMPATIBLE WITH STANDARD TTL INTEGRATED CIRCUITS

Gallium Arsenide Diode Infrared Source Optically Coupled to a Silicon
N-P-N Phototransistor

High Direct-Current Transfer Ratio
High-Voltage Electrical Isolation . . . 2.5 kV rms (3.535 kV peak)
Plastic Dual-In-Line Package

High-Speed Switching: ty = 2 us Typ, tf = 2 us Typ

UL Recognized — File #E65085

Primarily Used with Telephone Ring Detector TCM1520A and Tone
Drivers TCM1501A, TCM1506A, and TCM1512A

The package consists of a gallium arsenide infrared-emitting diode and an n-p-n silicon phototransistor
mounted on a 6-pin lead frame encapsulated within an electrically nonconductive plastic compound. The
case will withstand soldering temperature with no deformation and device performance characteristics
remain stable when operated in high-humidity conditions. Unit weight is approximately 0.52 grams.

9.40 (0.370) _|
8,38(0.330)
i
¢ q INDEX DOT __|
7,62 (0.300) T.P (See Note B) |49
[~ (See Note A}
6,61 (0.260) o
— 6.09°(0.2401 ® @ @ seenote )
5.46 (0.215)
2,92 10.115) ke 1,78 (0.070) MAX
J 6 PLACES
— SEATING PLANE \
105°
507 0,305 (0.012) 328 10.070 e gzg; —" I" 1,01 10,0401
\&/0,203 {0.008) ST i
| 2,29 (0.090
§ .090)
)’\ 3.8110.150)  7,377(0.050)
: SA70125 4 piaces 0,534 (0.021)
0.381(0.015)
2.54 (0.100) T.P 6 PLACES
(See Note A)
NOTES: A. Leads are within 0,13 mm (0.005 inch) radius of true position (T.P.) with maximum material
condition and unit installed.
B. Pin 1 identified by index dot.
C. Terminal connections:
1. Anode Inf o .
2. Cathode nfrared-emitting diode
3. No internal connection
4. Emitter
5. Collector Phototransistor
6. Base

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

FALLS WITHIN JEDEC MO-001AM DIMENSIONS
cP-7

PRODUCTION DATA documents contain information
current as of publication date. Products conform to
specifications per the terms of Texas Instruments

Copyright © 1985, Texas Instruments Incorporated
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TIL181
OPTOCOUPLER

absolute maximum ratings at 25°C free-air temperature (unless otherwise noted)

Input-to-output voltage ............ e +2.5 kV rms (+3.535 kV peak)
Collector-base voltage . . . . .. ... .. 70 V
Collector-emitter voltage (see Note 1) . . ... ... ... i 30V
Emitter-collector voltage . ... ... ... ... ... 7V
Emitter-base voltage . ... ... .. . R 7V
Input-diode reverse voltage . . . ... ... . .. 3V
Input-diode continuous forward current at (or below) 25°C free-air temperature
(see NOte 2) . . . . . . .. 100 mA
Continuous power dissipation at (or below) 25°C free-air temperature -
Infrared-emitting diode (see Note 3) . . ........ ... ... . . . ... .. 150 mW
Phototransistor {(see Note 4) . ............. .. ... ............ e 150 mW
Total, infrared-emitting diode plus phototransistor (see Note 5) . ... ... .. e 250 mW
Storage temperature range . ........... e —-55°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. ... .................. 260°C
NOTES: 1. This value applies when the base-emitter diode is open-circuited.
2. Derate linearly to 100°C free-air temperature at the rate of 1.33 mA/°C.
. 3. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C.
2 4. Derate linearly to 100°C free-air temperature at the rate of 2 mW/°C."
5. Derate linearly to 100°C free-air temperature at the rate of 3.33 mW/°C.
- . - . .
@ electrical characteristics at 25°C free-air temperature
g PARAMETER TEST CONDITIONS MIN  TYP MAX [ UNIT
(@) V(BR)CBO Collector-base breakdown voltage Ic = 10 pA, Ig =0, Ig =0 70 Vv
3 V(BR)CEO Collector-emitter breakdown voltage | Ic = 1 mA, g =0, Ig =0 30 \
3 V(BR)EBO Emitter-base breakdown voltage Ig = 10 uA, Ic =0, IF=0 7 \
c IR Input diode static reverse current VR =3V 10 | wA
2. On-state Phototransistor Vceg = 0.4V, I =08mA, Ig=0 100 uA
[¢] operation : Vcg = 0.4V, I =10mA, Ig=0 5 mA
o IC(on) coliector Photodioda
[l current R Veg = 0.4V, I =16 mA, Ig =0 7 20 A
o operation
7 , Offl-state :2:::;?:5'“"' Veg = 10V, Ik =0, Ig =0 1 80 )
O |lclom  cotester I e - N - "
- current . Veg = 10V, Ig =0, g =0 0.1 20
- operation
2 hee Transistor :?tatic forward current VeE = 5V, Ic= 10mA, If =0 200 550
b transfer ratio
(7 Vg Input diode static forward voltage I = 16 mA 1.2 14| V
VCE(sat) Collector-emitter saturation voltage Ic = 5mA, IFp=10mA, Ig =0 0.25 04| V
no Input-to-output internal resistance Vin-out = 500V, See Note 6 1011 Q
Cio Input-to-output capacitance Vin-out = 0, f =1MHz See Note 6 1 1.3 | pF
NOTE 6: These parameters are measured between both input-diode leads shorted together and all the phototransistor leads shorted together.
switching characteristics at 25 °C free-air temperature
PARAMETER | TEST CONDITIONS MIN  TYP MAX | UNIT
t Rise Time Phototransistor operation Vee = 10AV' ) 'C(Ol'!) =2mA,  R_=1009 2 10 us
ty  Fall time . See Test Circuit A of Figure 1 2 10
t, Rise -time Photodiode operation Vee = 1OAV,' |C(or?) = 20 A, RL = 1k, 1 us
tf  Fall time See Test Circuit B of Figure 1 1
e
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TIL181
OPTOCOUPLER

PARAMETER MEASUREMENT INFORMATION

Adjust amplitude of input pulse for:
IC(on) = 2 mA (Test Circuit A) or

IClon) = 20 uA (Test Circuit B)

INPUT
o L.
INPUT
(See Note A)
OUTPUT =t tr—p]
(See Note B} | OUTPUT 1

<
—Vec =10V ‘:RL=1009

SN 3

TEST CIRCUIT A
PHOTOTRANSISTOR OPERATION

VOLTAGE WAVEFORMS

—Vcc=10V

n,_=1kn5

47 0

INPUT
{See Note A)

OUTPUT

r—(Sae Note B)

TEST CIRCUIT B
PHOTODIODE OPERATION

NOTES: A. Theinput waveform is supplied by a generator with the following characteristics: Zoyt = 50 @, t, = 15 ns, duty cycle = 1%,

tw = 100 ps.

B. The output waveform is monitored on an oscilloscope with the following characteristics: t, < 12 ns, Rjn = 1 MQ, Cj, < 20 pF.

FIGURE 1. SWITCHING TIMES

N

TYPICAL CHARACTERISTICS

COLLECTOR CURRENT
Vs
COLLECTOR-EMITTER VOLTAGE

600 T
IB=0
Ta =25°C
500 Ip=
<?. _’—_"‘____,___—-—-1 mA
g 400 I ——doomA
o .
E |
(‘; 300 | 0.8 mA
2 s
3 L 4 —o7mA
8 200
| 0.6 mA
&) r
= 0.5 mA
100 0.4 mA
— 0.3 mA
o 0.2 mA
0 2 4 6 8 10 12
VcEg—Collector-Emitter Voltage—V

FIGURE 2

Ic--Collector Current--mA

- = =
O = N

COLLECTOR CURRENT

© 24N WD O BN O ®

ircui

vs (&)
COLLECTOR-EMITTER VOLTAGE »n
c
T
- IB=0 )
~— 1 IFp=10mA —
[ F 1 Ta=25°c| &
F——IF =9 mA 3]
- c
IF=8mA IF=7mA g
A —T |
IF = 6 mA] E
| o
IF=5mA (&)
} [}
Ig=4mA [
— I o
IF =3 mA{
!
IF =2 mAT]
I =1mAT
- 1
2 4 6 8 10 12
Vcg—Collector-Emitter Voltage—V
FIGURE 3
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TIL181
OPTOCOUPLER

Ic—Phototransistor Collector Current—mA
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TYPICAL CHARACTERISTICS

PHOTOTRANSISTOR COLLECTOR CURRENT
Vs
INPUT DIODE FORWARD CURRENT

100 =B
50 FVCE=04V

[ig=0
FTa =25°C

20
10

0102 05 1 2 5 10 20 50 100

IF~Input-Diode Forward Current—mA

FIGURE 4

NORMALIZED TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO
Vs
COLLECTOR CURRENT

1.3 T
VCe=5V
1.2

TlE=0 |
1.15-Tp=25°C
1.0

0.9 > a
0.8

0.7
0.6
05
0.4
0.3
0.2
0.1

0
0.1 0.4 1 4 10 40
Ic—Collector Current—mA

FIGURE 6

Collector Current Relative to Value at Tp = 25°C

Normalized Static Forward Current Transfer Ratio—hfg

RELATIVE ON-STATE COLLECTOR CURRENT
Vs
FREE-AIR TEMPERATURE

14 T
VCe=04V
1.2 /—1\ IB =0
1.0 \\
/ &
7
0.8 g
%\\
)
0.6 e,
g
0.4
0.2
50 —25 0 25 50 75 100

Tpa—Free-Air Temperature—"C

FIGURE 5

NORMALIZED TRANSISTOR STATIC FORWARD
CURRENT TRANSFER RATIO
vs
FREE-AIR TEMPERATURE
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T

Vcg=5V

Ic =10 mA
1.4 IF=0

K]
1.2 v
1.0
0.8 /
0.6 /
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Ta—Free-Air Temperature—"C
FIGURE 7
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PRODUCT TISP108A
PREVIEW DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR
D2929, APRIL 1986
FOR APPLICATIONS IN TELECOMMUNICATIONS EQUIPMENT
® Breakover Voltage to Common . . . 82 V Max
® Surge Current 8/20 ps . . . 150 A
® Holding Current . . . 150 mA Min
description

The TISP108A is designed specifically for telephone line card protection against lightning and transients
induced by ac lines when A and B are connected to the TIP and RING circuits. These devices consist of
three bidirectional suppressor sections that will suppress voltage transients between terminals A and C,

B and C, and A and B.

Transients are initially clipped by zener action until the voltage rises to the breakover level, which causes
the device to crowbar. The high crowbar holding current prevents dc latchup as the transient subsides.

These moanolithic protection devices are fabricated in ion-implanted planar structures to ensure precise

and symmetrical breakover level.

mechanical data

ts I¥1

THE COMMON PIN IS IN ELECTRICAL CONTACT WITH THE MOUNTING PAD

0,89 (0.035)
0,74 (0.029)

1,53 (0.060)
1,12 (0.045)

16,51 (0.650)
1372 (0540) 16,00 (0.630)
THIS PORTION OF LEADS 270 (%%
FREE OF FLASH *['—_'] :':g fg'Zﬁ:
’
A LINE —» Z hd 10,67 (0.420)
C [COMMON) — [©] 3,65 (0.380)
BLINE —» ——=—f ] A Ty
3,30 (0.130)
, 533 (0.210
2,73 (0.110) Wawo;
3,43 (0.135)
267 (0.105) %
045 0018 :,s: (oa:;n
0,30(0.012) _ jmer
3 LEADS =1:_m_i
T 20200115 1,40 (0.055)
247 (0.05) 7,14 (0.045)

CASE TEMPERATURE
MEASUREMENT POINT

3 LEADS
5,33(0.210) + ¥ o —E——&’:
3,83 (0.190) — =
F 4,09 (0.161)
2,79 (0.110) o
LML 1473(0580) | 1570060 \ 38 0151)
13,72 (0.540) 1,02 (0.040)
RAD 2 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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TISP108A
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Nonrepetitive peak on-state pulse current, 8/20 us (see Notes 1, 2, and 3) ., ............ 150 A
Nonrepetitive peak on-state current, tyy = 10 us, half sine-wave (see Notes 2 and 3) ....... 156 A
Rate of rise of on-state current . . .. .. ... . L 100 Alus
Operating JuNCtion tEMPErature . . . . . . ..ottt e et e e e e e 110°C
Operating case temperature range . . ... .........ouuneeeernnn. . e —-10°C to 85°C

Storage temperature range . . . .. .. .. ..t —40°C to 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . .. ................. 230°C

NOTES: 1. The notation ‘‘8/20 us’’ refers to a waveshape having a rise time of 8 us and a duration of 20 us ending at 50% of the peak
value (see ANSI Standard C62.1).
2. Above 85°C, derate linearly to zero at 110°C case temperature.
3. This value applies when the case temperature is at (or below) 85 °C. The surge may be repeated after the device has returned
to thermal equilibrium.

electrical characteristics for the A and B terminalst, Ty = 25°C

PARAMETER ) TEST CONDITIONS MIN TYP MAX | UNIT
vz Reference voltage Iz =+1mA +58 \"
Ip Off-state current Vp = #5650 V ) +500 pA

Vp =0, f=1kHz,
c Off-stat it 100 200 F
off state capacitance See Note 4 p

t Polarity may be determined arbitrarily.

electrical characteristics for the A and C or the B and C terminals¥, Ty = 25°C

S1INJJ419) SUOIIBIIUNWWO3|3 | N

PARAMETER TEST CONDITIONS MiIN TYP MAX | UNIT
vz Reference voltage ) Iz=-1mA ~58 \
Tem, 1y fficient
vz perature coefficien 0.1 | wroc
of reference voltage
V(BO) Breakover voltage See Note 5 -82 \
1(BO) Breakover current See Note 5 -0.15 -1.3 A
VE Forward voltage I = 5A, See Note 5 3 \]
V1 On-state voltage IT = -5 A, See Note 5 -2.2 -3 \
IH Holding current See Note 5 - 150 mA
Critical rate of rise
dvidt ritical rate of ris —5 | kVis
of off-state voltage
Ip Off-state current Vp = -50V -500 uA
c Off-stat it Vo =0 f=1khHe, 250 350 | pF
- c
off state capacitance See Note 4 pl

% polarity is determined at terminal A or B with respect to C.
NOTES: 4. These capacitance measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third terminal
and the mounting tab are connected to the guard terminal of the bridge.
5. These parameters must be measured using pulse techniques, ty, = 100 ps, duty cycle <2%.

thermal characteristics

PARAMETER MAX | UNIT
RgJc Junction-to-case thermal resistance 3.5 | °C/W
RgyA Junction-to-free-air thermal resistance 62.5 | °C/W
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TISP108A
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR

PARAMETER MEASUREMENT INFORMATION

FIGURE 1. VOLTAGE-CURRENT CHARACTERISTICS FOR TERMINALS A AND Bt

1 Polarity may be determined arbitrarily
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TISP108A
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR ’

PARAMETER MEASUREMENT INFORMATION

+1

If 4=——
|
|
|
|
|
|
|
|
|
|

‘ |
Vo) Vz Vp vt |
1 1 [l l
-V = { t +V
1 V]
I Tho F
| |
[ S do_1,
| |
| |
| |
| |
—— e —
| -+ -I H
- H——1 BO)
|
—— 7

FIGURE 2. VOLTAGE-CURRENT CHARACTERISTICS FOR TERMINALS A AND C OR B AND C#

IPolarity is determined at terminal A or B with respect to C.
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TISP108A
DUAL ASYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR

TYPICAL APPLICATION DATA

The breakover voltage represents the highest level of stress applied to the system being protected by the
suppressor. With an increase in ambient temperature, the reference voltage (the level at which transient voltage
clipping just begins) increases at typically 0.09%/°C. Breakover current, however, decreases at typically
—0.06%/°C, but operating along the reference resistance line reduces its effect. The net result is that the
breakover voltage level is only slightly dependent on ambient temperature.

D-C lockup: The suppressor will remain in a crowbar condition as long as the line can supply a short-circuit
current greater than the holding current, IH. To prevent this from happening, the following conditions must
be obtained:

Vbattery < Iy
Rline

Continuous operation: Line short-circuits to external power supplies can result in overdissipation of the
suppressor. Conventional protection techniques such as the use of fuses or PTC thermistors should be used
to eliminate or reduce the fault current.
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PRODUCT TISP218A

PREVIEW DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR
D2929, MARCH 1986
FOR APPLICATIONS IN TELECOMMUNICATIONS EQUIPMENT
® Breakover Voltage to Common . . . 180 V Max
® Surge Current 8/20 ps . . . 150 A
® Holding Current . . . 150 mA Min
description

The TISP218A is designed specifically for telephone line card protection against lightning and transients
induced by ac lines when A and B are connected to the TIP and RING circuits. These devices consist of
two bidirectional suppressor sections connected to a common C terminal. They will suppress voltage
transients between terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action until the voltage rises to the breakover level, which causes
the device to crowbar. The high crowbar holding current prevents dc latchup as the transient subsides.

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise
and symmetrical breakover control.

mechanical data

THE COMMON PIN IS IN ELECTRICAL CONTACT WITH THE MOUNTING PAD

16,51 (0.650)
13,72 (0.540) 16.00 (0.630)
12,70 (0.500)
THIS PORTIONF?F LEADS 6,86 (0.270)
FREE OF FLASH 584 (0.230)
*
ALINE—  e—=———r] hd 10,67 (0.420)
C (COMMON) —  e=——=——x=_] ® 9,65 (0.380)
BLNE—» C—————l"] A : ¢
3,30 (0.130) e L 5,33 (0.210)
2,79 (0.110) 4,83(0.190)
3,43 (0.135)
267 (0.105) % T
4,83 (0.190
0.46 (0.018) 379 :0 165;
0,30 (0.012) —£ o

3LEADS

e———

t 2,92 (0.115) 1,40 (0.055)
2,41 (0.095) 1,14 (0.045)
1,53 (0.060) CASE TEMPERATURE
0,89 (0.035) v Ty T MEASUREMENT POINT
074 (0.029) | ';1410045)
3LEADS
[
5,33 (0.210) v ¥ ]
4,83 (0.190) = ~—]
4,09 (0.161)
2,79 (0.110) 383 (0.151)
57576.050] LM4 152 (0.060) 3830151
13,72 (0.540) 1,02 (0.040)

RAD 2 PLACES
ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

ts [
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TISP218A :
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Nonrepetitive peak on-state pulse current 8/20 ps (see Notes 1, 2, and 3) ... ......... ... 160 A
Nonrepetitive peak on-state current, tyy = 10 us, half sine-wave (see Notes 2 and 3) ....... 15 A
Rate of rise of on-state CUrrent . . . . . . .. . it 100 A/us
Operating junction teMPerature . . . . . ... ..ottt 110°C
Operating case teMPErature FaNGE . . . . .. .o e e e et et e —10°C to 85°C
Storage temperature range ... . ... .. ... —40°C to 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds. . . . .................. 230°C

NOTES: 1. The notation ‘'8/20 us'’ refers to a waveshape having a rise time of 8 us and a duration of 20 us ending at 50% of the peak

value (see ANS| Standard C62.1).

2. Above 85°C, derate linearly to zero at 110°C case temperature.

3. This value applies when the case temperature is at (or below) 85 °C. The surge may be repeated after the device has returned
to thermal equilibrium.

electrical characteristics for the A and B terminalst, Ty = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Vz Reference voltage : Iz = £1mA +120 \
Ip Off-state current Vp = 650V +500 uA
Vp =0, f=1kHz
C Off-stat it 40 100 F
off state capacitance See Note 4 p

electrical characteristics for the A and C or the B and C terminalst, Ty = 25°C

PARAMETER ) TEST CONDITIONS MIN  TYP MAX |UNIT
Vz Reference voltage ’ : Iz = £1mA +120 \
ayz  Temperature coefficient of reference voltage : 0.1 |%/°C
V(Bo) Breakover voltage See Note 5 +180 \
(o) Breakover current ) See Note 5 +0.15 +1.3 A
V1 On-state voltage IT=+5A, SeeNote 5 +2.2 +3 \4
I Holding current See Note 5 + 150 mA
dv/dt Critical rate of rise of off-state voltage 5 [kV/ius
Ip Off-state current . Vp = +50 V +500 A
Coff  Off-state capacitance :Se :lo(t); 4 f=1khz, 110 200 pF

TPolarity may be determined arbitrarily.
NOTES: 4. These capacitance measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third terminal

and the mounting tab are connected to the guard terminal of the bridge.
5. These parameters must be measured using pulse techniques, tyy, = 100 ps, duty cycle < 2%.

thermal characteristics

PARAMETER MIN  TYP MAX |[UNIT
Rgyc  Junction-to-case thermal resistance 3.5 |°C/W
Rgya  Junction-to-free-air thermal resistance 62.5 |°C/W
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TISP218A
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

PARAMETER MEASUREMENT INFORMATION

+1

T4 —
|
|
IBO) 1 - - —:— ————————— e
H$-- T P m e
|
I
74— — JI- ________
|
v 'o t t
(BO) Vz Vp \2 i |
-V 1 | !
| | | | V1 Vp
| + Ip
! V4
| Iz
' "
' £
! 3
H =
I8O)
— i

=1
FIGURE 1. VOLTAGE-CURRENT CHARACTERISTICS FOR ANY PAIR OF TERMINALST

TPolarity may be determined arbitrarily.
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TISP218A ’
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

TYPICAL APPLICATION DATA

The breakover voltage represents the highest level of stress applied to the system being protected by the
suppressor. With an increase in ambient temperature, the reference voltage (the level at which transient voltage
clipping just begins) increases at typically 0.09%/°C. Breakover current, however, decreases at typically
—0.06%/°C, but operating along the reference resistance line reduces its effect. The net result is that the
breakover voltage level is only slightly dependent on ambient temperature.

D-C lockup: The suppressor will remain in a crowbar condition as long as the line can supply a short-circuit
current greater than the holding current, |H. To prevent this from happening, the following conditions must
be obtained.:

Vbattery

Riine

< IH

Continuous operation: Line short-circuits to external power supplies can result in overdissipation of the suppressor.
Conventional protection techniques such as the use of fuses or PTC thermistors should be used to eliminate
or reduce the fault current. '
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PRODUCT

TISP229A

PREVIEW DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR
D2929, MARCH 1986
FOR APPLICATIONS IN TELECOMMUNICATIONS EQUIPMENT
@ Breakover Voltage to Common . . . 290 V Max
® Surge Current 8/20 pus . . . 150 A
©® Holding Current . . . 150 mA Min
description

The TISP229A is designed specifically for telephone line card protection against lightning and transients,
induced by ac lines when A and B are connected to the TIP and RING circuits. These devices consist of
three bidirectional suppressor sections that will suppress voltage transients between terminals A and C,

B and C, and A and B.

Transients are initially clipped by zener action until the voltage rises to the breakover level, which causes
the device to crowbar. The high crowbar holding current prevents dc latchup as the transient subsides.

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise
and symmetrical breakover control.

mechanical data

THE COMMON PIN IS IN ELECTRICAL CONTACT WITH THE MOUNTING PAD

16,51 (0.650)
13,72 (0.540) 16,00 {0.630)
12,70 (0.500)
THIS PORTION OF LEADS 6,86 (0.270)
FREE OF FLASH 75,84 10.230)
’
A LINE—»  e=—————] b 10,67 (0.420)
C (COMMON) —p =] (€] 9,65 (0.380)
BLINE—b =] A I ' ¢
3,30 (0.130) le 5,33 (0.210)
2,79 (0.110) 2,83 (0.190)
343 (0.135)
267(0.108) ™
0,46 (0.018) aeie

4,19 (0.165)

0,30 (0.012)
3 LEADS =——__——__—Ej:n ¥

0,89

(0.035) e
55410 099] 1.14 (0.045)
4 (0.029,
074l \) 3 LEADS

29200118 140 00581 ] |
7,41 (0.095) 173 10045)
153 (0.060) CASE TEMPERATURE

MEASUREMENT POINT

[
53300210y § g
4,83 (0.190) . —
s b 4,09 (0.161)
2,79 (0.110) AR
225(0.080) L14,73 (0580) 152 (0.060) 383(0.151)
13,72 (0.540) 1,02 (0.040)
RAD 2 PLACES

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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TISP229A
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Nonrepetitive peak on-state pulse current 8/20 us (see Notes 1, 2, and 3) .. ............. 150 A
Nonrepetitive peak on-state current, tyy = 10 us, half sine-wave (see Notes 2 and 3) ....... 15 A
Rate of rise of on-state current . . . ... .. .. . .. 100 A/us
Operating junction temperature . . . ........ ...t ... 110°C
Operating case temperature range . . .. ... ... . ... it enn s s -10°C to 85°C
Storage temperature TaNge . . . . .. ..t ov it it it e —40°C to 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . ... .............: ;... 230°C

NOTES: 1. The notation '’8/20 us’’ refers to a waveshape having a rise time of 8 us and a duration of 20 us ending at 50% of the peak

value (see ANSI Standard C62.1).
2. Above 85°C, derate linearly to zero at 110°C case temperature.

3. This value applies when the case temperature is at (or below) 85 °C. The surge may be repeated after the device has returned

to thermal equilibrium.

electrical characteristics for the A and B terminalst, Ty = 25°C

PARAMETER ) TEST CONDITIONS MIN TYP MAX |UNIT
2 Vz Reference voltage iz = £1mA +200 v
Ip Off-state current Vp = 50V +500 A
- Vp =0, f = 1kHz,
C Off-staty it; 40 100 F
"| off state capacitance See Note 4 p
®
§ electrical characteristics for the A and C or the B and C terminalst, Ty = 25°C
= PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
3 Vz Reference voltage Iz = +£1mA +200 \%
3 ayz  Temperature coefficient of reference voltage 0.1 |%/°C
g V(Bo) Breakover voltage See Note 5 +290 \
== |lBo) Breakover current See Note 5 +0.15 +1.3 A
8 VT On-state voltage ’ It = +6A, See Note 5 +2.2 +3 v
f=d IH Holding current See Note 5 ’ +150 mA
(] dv/dt _Critical rate of rise of off-state voltage i ’ 5 |kV/us
a Ip Off-state current ) Vp = 50V +500 A
Vp.= 0, f = 1kHz,
ff-stat it d
9 Coff  Off-state capacitance See Note 4 110 200 pF
=
g TPoltarity may be determined arbitrarily.
== NOTES: 4. These capacitance measurements employ a three-terminal capacitance bridge incorporating a guard circuit. The third terminal
s and the mounting tab are connected to the guard terminal of the bridge. )
5. These parameters must be measured using pulse techniques, ty, = 100 us, duty cycle = 2%.
thermal characteristics
PARAMETER MIN  TYP MAX [UNIT
RgJc  Junction-to-case thermal resistance 3.5 |°C/wW
Rgya  Junction-to-free-air thermal resistance 62.5 [°C/W
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TISP229A
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

PARAMETER MEASUREMENT INFORMATION

+1

ITT__
|
|
BO) -~ -:— ————————— B
H1-- T P
|
|
Iz — JI- ________
|
Ip + +
Vigo) Vz Vp vr |

VT ! T

FIGURE 1. VOLTAGE-CURRENT CHARACTERISTICS FOR ANY PAIR OF TERMINALS '

TPolarity may be determined arbitrarily.
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TISP229A ‘
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

TYPICAL APPLICATION DATA

The breakover voltage represents -the highest level of stress applied to the system being protected by the
suppressor. With an increase in ambient temperature, the reference voltage (the level at which transient voltage
clipping just begins) increases at typically 0.09%/°C. Breakover current, however, decreases at typically
—0.06%/°C, but operating along the reference resistance line reduces its effect. The net result is that the
breakover voltage level is only slightly dependent on ambient temperature.

D-C lockup: The suppressor will remain in a crowbar condition as long as the line can supply a short-circuit
current greater than the holding current, IH4. To prevent this from happening, the following conditions must
be obtained.:

Vbattery < Iy
Riine

Continuous operation: Line short-circuits to external power supplies can result in overdissipation of the suppressor.
Conventional protection techniques such as the use of fuses or PTC thermistors should be used to eliminate
or reduce the fault current.
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PRODUCT TISP318A
_PREVIEW DUAL SYMMETRICAL TRANSIENT
VOLTAGE SUPPRESSOR
D2929, MARCH 1986
FOR APPLICATIONS IN TELECOMMUNICATIONS EQUIPMENT
® Breakover Voltage to Common . . . 180 V Max
® Surge Current 8/20 pus . . . 150 A
® Holding Current . . . 150 mA Min
description

The TISP318A is designed specifically for telephone line card protection against lightning and transients
induced by ac lines when A and B are connected to the TIP and RING circuits. These devices consist of
two bidirectional suppressor sections connected to a common C terminal. They will suppress voltage

transients between terminals A and C, B and C, and A and B.

Transients are initially clipped by zener action until the voltage rises

to the breakover level, which causes

the device to crowbar. The high crowbar holding current prevents dc latchup as the transient subsides.

These monolithic protection devices are fabricated in ion-implanted planar structures to ensure precise

and symmetrical breakover control.

mechanical data

THE COMMON PIN IS IN ELECTRICAL CONTACT WITH THE MOUNTING PAD

16,51 (0.650)
1372 (0.540) 16,00 (0.630)
12,70 (0.500)
THIS PORTION OF LEADS 6,86 (0.270)
FREE OF FLASH 584 (0.230)
(
A LINE—» ] 10,67 (0.420)
C (COMMON) —» (©] 3,65 [0.380]
B LINE—» | A I v
3,30 (0.130) L_ L 5,33 (0.210)
2,79 (0.110) 4,83(0.190)
3,43 (0.135)
267(0.105) 7 1~
o 4,83 (0.190)
0,46 (0.018) [ 3,19 (0.165)
0,30 (0 012)

3 LEADS

i

2,92 (0.115)

1,40 (0.055)

2,41 (0.095) 114 (0.045)
153 (0.060) CASE TEMPERATURE
0,89 (0.035) 1'?—4“,—0%—) MEASUREMENT POINT
0,74 (0.029) . '
3 LEADS
e
5,33 (0.210] vy ¥ a—————
283 (0.190] ——

4,09 (0.161)

2,79 (0.110) 3,83 (0.151)

2,29 (0.090)

L14,73 (O.SSO)J

13,72 (0.540)

152 (0060)
1,02 (0.040)
RAD 2 PLACES

ALL DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES
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TISP318A

DUA

L SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

absolute maximum ratings at 25°C case temperature (unless otherwise noted)

Nonrepetitive peak on-state pulse current 8/20 us (see Notes 1, 2, and 3) . ... ........... 150 A
Nonrepetitive peak on-state current, tyy = 10 us, half sine-wave (see Notes 2 and 3) ....... 15 A
Rate of rise of on-state current . . .. .. ... ... ... 100 Alus
Operating junction teMperature . . . . ... ... ...t 110°C
Operating case temperature range . . ... .. .. .. ... een .. —10°C to 85°C
Storage temperature range . .. ... ... ..ottt e —40°C to 125°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds. . . ... ................ 230°C

NOTES: 1. The notation '“8/20 us’’ refers to a waveshape having a rise time of 8 us and a duration of 20 ps ending at 50% of the peak

value (see ANSI Standard C62.1).

2. Above 85°C, derate linearly to zero at 110°C case temperature.

3. This value applies when the case temperature is at (or below) 85 °C. The surge may be repeated after the device has returned
to thermal equilibrium.

electrical characteristics for the A and B terminalst, Ty = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX |UNIT
Vz Reference voltage Iz = £1mA +240 \
Ip Off-state current Vp = +£100 V +500 A
Coff  Off-state capacitance \S/Ee ;‘o(:; “ f=1khz, 40 100 pF
= ,
@ electrical characteristics for the A and C or the B and C terminalst, Ty = 25°C
g PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
o Vz Reference voltage Iz = +x1mA +120 \%
3 ayz  Temperature coefficient of reference voltage . 0.1 [%/°C
3 V(Bo) Breakover voltage | See Note 5 +180 \
c (o) Breakover current See Note 5 +0.15 +1.3 A
2- VT On-state voltage . It = £6 A, SeeNote 5 +2.2 +3 \
8 iH Holding current See Note 5 +150 mA
e+ | dv/dt Critical rate of rise of off-state voltage 5 |kVius
g b Off-state current Vp = 50 V +500 pA
:; Coff . Off-state capacitance ;leDe ;o‘::e 4 f=1khz, 110 200 pF
=
[2]
<.
[
"]

TPo!anty may be determined arbitrarily.
NOTES: 4. These capacitance measurements employ a three-terminal capacitance bndge incorporating a guard circuit. The third terminal

and the mounting tab are connected to the guard terminal of the bridge.
5. These parameters must be measured using pulse techniques, ty, = 100 ps, duty cycle < 2%.

thermal characteristics

PARAMETER MIN  TYP MAX |UNIT
RgJc  Junction-to-case thermal resistance 3.5 [°C/wW
RgJA  Junction-to-free-air thermal resistance 62.5 |°C/W
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TISP318A
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

PARAMETER MEASUREMENT INFORMATION

+1

T4 —
|
|
Bo) -~ :— --------- D R ettt
e PR ——
|
|
24— — _;. ________
. |
D " "
V(o) Vz vp vt t i-
-v + 4 +V
T 1 | VT Vp Vz Vigo)

N |
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FIGURE 1. VOLTAGE-CURRENT CHARACTERISTICS FOR ANY PAIR OF TERMINALS

TPoIariw may be determined arbitrarily.
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TISP318A - ,
DUAL SYMMETRICAL TRANSIENT VOLTAGE SUPPRESSOR

TYPICAL APPLICATION DATA

The breakover voltage represents the highest level of stress applied to the system being protected by the
suppressor. With an increase in ambient temperature, the reference voltage (the level at which transient voltage
clipping just begins) increases at typically 0.09%/°C. Breakover current, however, decreases at typically
—0.06%/°C, but operating along the reference resistance line reduces its effect. The net result is that the
breakover voltage level is only slightly dependent on ambient temperature.

D-C lockup: The suppressor will remain in a crowbar condition as long as the line can supply a short-circuit
current greater than the holding current, IH. To prevent this from happening, the following conditions must
be obtained.:

Vbattery <y

Riine

Continuous operation: Line short-circuits to external power supplies can result in overdissipation of the suppressor.
Conventional protection techniques such as the use of fuses or PTC thermistors should be used to eliminate
or reduce the fault current.

2-218 Texas *i’

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



TMS99531
PULSE AND TONE TELEPHONE DIALER

MARCH 1986

PRODUCT SUMMARY

This data is excerpted from the TMS99531 Modem Products Data Manual,
Copyright 1982, Literature Code MP049

Standard N-Channel Silicon Gate Processing N
Using Switched Capacitor Technology DUAL-IN-LINE PACKAGE
(TOP VIEW)
Identical 4-Bit Addressing for Both Pulse
and DTMF Dialing ANLG ouT[]1 U1 Jvgg
Interdigit Timing for Both Pulse and DTMF vooL]z  13[vss
L veels 120cwk
Dialing
nBs[]a  11[JpPuLsE
No Limit to the Number of Digits That Can NB4E 5 10| | PND
Be Sent nB2[e o[]opP
NB1[]7 8[]TT/P

Accelerated Pulse Rate for Minimum
Checkout or Test Time

Standard 12 Frequency-Pair Combinations,
Plus Single Tone Capability

Stable Frequencies and Amplitudes

Less Than 5 Percent Total Harmonic
Distortion in Voice Band

High Group Tone Pre-emphasis
TTL-Compatible Input-Output Interface

Subsystem Complement to the TMS99532A
FSK Modem

Accepts BCD Inputs for Easy Interface to
Microcomputers

description

The TMS99531 Pulse and Tone Telephone Dialer is a telecommunications device compatible with the U.S.
public switched telephone network. In addition to the usual common telephone usage, the dialer can be
used with transaction (point-of-sale and/or credit) terminals, digital voice messages, radio and mobile
telephones, and remote or process control. Cost and performance advantages make this dialer highly
competitive with other dual-tone and pulse dialers currently available.

In the pulse mode, the TMS99531 can dial all 10 digits (0-9). In the dual-tone mode, it can dial the 12
dual-tone combinations (0-9, *, #) used by the standard pushbutton telephone keypad. The TMS99531
also generates the appropriate interdigit delays for pulse and tone modes.

A test-enhancement feature in the pulse mode (accelerated pulse rate) reduces the test time needed to
verify functionality of all digits. For tone applications, single-tone generation of each of the frequencies
is provided.

The TMS99531 is characterized for operation from 0°C to 70°C.

‘. Copyright © 1986, Texas Instruments Incorporated
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TMS99531
PULSE AND TONE TELEPHONE DIALER

$31IN2J41) SUOI}BDIUNWWOD}d | N

PIN
NAME NO. /0 DESCRIPTION
ANLG OUT 1 o Dual-tone (or single-tone) analog output. Normally capacitively coupled to the EXI input on the
TMS99532A modem
CLK 12 | 4.032-MHz master clock input. Received from an external source. Normally connected to
OSCOUT of TMS99532A :
DP 9 I | Digit present input. A high indicates that a digit is present (and stable) on NB1 through NB8.
NB8 4 ! Digit select input (MSB)
NB4 5 I Digit select input (third order)
NB2 6 I Digit select input (second order)
NB1 7 | Digit select input (LSB)
PND 10 [e] Present next digit. When high, the dialer is ready to accept another digit. The DP input must be
low for PND to go high. )
PULSE 11 (o] Pulse dial series. Used with the off-hook relay. A high indicates an off-hook condition. A low
indicates an on-hook condition.
TT/P 8 | Dual tone or pulse select. When low, the dual-tone mode is selected. When high, the pulse dial
mode is selected.
VBB 14 — 5-volt nominal supply voliage
Vee 3 5-volt nominal supply voltage
Vpp 2 12-volt nominal supply voltage
Vss 13 Ground

functional block diagram

BANDPASS
op TONE ||
oND GENERATOR | FLTER | 1| 5 ANLG OUT
nES TONE | [sAnopAss | (DUAL AND SINGLE TONES)
GENERATOR FILTER
NB4 ———  INPUT Y
NB2 LATCH l 4
NB1 COUNTER i
TONE/PULSE . PULSE
TIMING (OUTPULSING SERIES)
TTIP A
-~ ) SAMPLE
CLK— CLOCK
GENERATION
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TMS99532A
FREQUENCY-SHIFT-KEYED MODEM

MARCH 1986

PRODUCT SUMMARY

This data is excerpted from the TMS99532A/TMS99534A Modem Products Data Manual
Copyright 1984, Literature Code: SPPS004.

Compatible with Bell Standard 103 N
DUAL-IN-LINE PACKAGE
On-Chip Filtering, Modulation, and (TOP VIEW)

Demodulation

as[r Usfv
® Simplex, Half-Duplex, and Full-Duplex WEQ 17 E>§IS
Capability ™G3 16[) TxA
® Originate and Answer Modes rRcvo[]4  1s[JRCVA
® Data Rates from 0 to 300 Bi Second vee[s 14%VDD
ata Rates from O to its per Secon oscout[Js 13 sar
® Adjustable Carrier Detect Timing xtaL2Q7  12[JA0
i i xTAL1s  11Jveg
® On-Chip Crystal-Controlled Oscillator ATEe 1001 XMTD
® Analog Loopback Test Mode
@ Automatically Disables Bell-Echo Suppressor
® TTL-Compatible Digital Interface
® N-Channel Silicon Gate Process
® Switched-Capacitor Technology
description

The TMS99532A frequency-shift-keyed (FSK) modem is a telecommunication device that transmits and
receives binary serial data over the U.S. public switched telephone network using frequency-shift-keyed
modulation. The TMS99532A is compatible with the Bell 103 Series data sets and will communicate at
up to 300 bits per second. It provides all the necessary modulation, demodulation, and filtering required
to implement a serial asynchronous communication link. It is designed for users-who are not experts in
the telecommunications field. This device is an easily implemented cost-effective alternative to standard
discrete modem design. Large-scale integration NMOS technology provides the advantages of small size,
low power, and increased reliability. The TMS99532A modem design assures compatibility with a broad
installed base of low-speed modems and acoustic couplers. Applications include interactive terminals, desk-
top computers, point-of-sale (POS) terminals and credit-verification systems.

The TMS99532A is charac’gerized for operation from 0°C to 70°C.

Copyright © 1986, Texas Instruments Incorporated
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TMS99532A
FREQUENCY-SHIFT-KEYED MODEM

PIN
NANE NO. /0 DESCRIPTION

ALB 1 | Analog Loopback input. When high, data on the XMTD input will appear on the RCVD output.

ATE 9 | When low, the CCITT V.25 answer tone (2100 Hz) is enabled and RCVD is in a high-impedance state.

A/0 12 | Answer/Originate input. When high, the originate mode is selected. When low, the answer mode is
selected.

DCD 2 (0] Data Carrier Detect output. When low, a valid carrier signal is being detected by the TMS99532A.

EXI 17 | External input. Any ex‘ternal analog signal to be transmitted is connected to the EXI input. A coupling
capacitor is required.

0SscouT 6 o Oscillator output. The master clock output frequency is 4.032 MHz.

RCVA 15 | Received analog carrier signal from the telephone network. A coupling capacitor is required.

RCVD 4 [e] Received Digital autput. When the ATE input is low, RCVD goes to a high-impedance state.

saT 13 | Squelch transmitter input. When high, some signals at the TXA output are disabled.

TMG 3 This pin is used to set the carrier detect turn-on and turn-off times.

TXA 16 o} Transmitted Analog output. Transmitted analog carrier output to the telephone network. A coupling
capacitor is required.

VBB 11 Supply voltage, —5 volts nominal

Vce 5 Supply voltage, 5 volts nominal

Vpp 14 Supply voltage, 12 volts nominal

Vss 18 Ground

XMTD 10 | Transmitted Digital input. Serial data input line

XTAL1 8 | Crystal connection for internal oscillator. Can be used for optional external clock input.

XTAL2 7 Crystal connection for internal oscillator

functional block diagram

S$1IN2419) SUONEJIUNWWOD9J | N

Ao 12
sqrd13!
) CONTROL
ALB
)
SPACE
FILTER DIFFERENCE @
VOLTAGE INTEGRATOR RCVD
REF AUTOMATIC MARK (DEMODULATOR)
GAIN FILTER
CONTROL
10) ‘ LOW-PASS 2) 5ep
xmTp 4 TRANSMITTER MULTIPLEXER b MULTIPLEXER | | CARRIER
FILTER FILTER @) 1me
rcva 115) RECEIVER HIGH-PASS ||
ANTIALIASING FILTER TRANSMITTER 16
ANTIALIASING |— (18 rxa
ex 12 FILTER
xtaL1 8L OSCILLATOR/ o
v} cLock 0scouT
XTAL2 ENERATOR
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Quality and Reliability Assurance

Texas Instruments has improved the quality and reliability of integrated circuits
through routine updating of existing specifications and programs as well as
advancements in materials, processes, test equipment, and test methods. Since the
early sixties, these programs have provided cumulative improvements to increase
average outgoing quality (AOQ) and reliability by more than an order of magnitude.

Stringent performance and manufacturing standards are defined prior to product
design to assure leadership in the industry. In addition, the following product/process
qualifications and evaluations are performed to assure that these standards are met
on every device released to the market:

® Verification of manufacturability through testing of bar compatibility with piece
parts and automated assembly techniques and equipment

® Proof of process repeatability through- definition of minimum acéeptable
assembly and test yields

® Testing to data sheet limits through test program certification and guard bands
between probe, final test, and QRA final acceptance

® Assurance of quality performance through a comprehensive statistical process
control program coupled with tight product acceptance standards

® Assessment of device reliability performance through an extensive reliability
test and qualification program.

Quality is . . .
a product’s degree of conformance to its specified parameters. It pertains to the
probability of defective units existing in a given lot when received by the user.
Although zero defects is a goal, the probability of some level of defective units
still exists in any lot of mass produced items. The number of defective units
received by the user is a function of the average outgoing quality (AOQ) achieved
by the supplier.

Reliability is . . .
a measuremnt of how well an initially good product will perform over time to
its specified characteristics. Semiconductor failures occur primarily during the
early-life phase of operation. A continually diminishing failure rate can be expected
until the wear-out phases is eventually reached. System reliability is improved
if these potential early-life failures are removed.

The following process flows for plastic and ceramic packages show the extensive
efforts used to maintain high quality and reliability standards for Telecommunication
products from Texas Instruments. These flows apply to TCM prefix devices only.

3-3
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TELECOMMUNICATION PRODUCTS PROCESS FLOW?
PLASTIC PACKAGE

\ / SILICON WAFERS
LEAD FRAME MULTIPROBE: CONTINUITY,
FUNCTIONALITY, DC PARAMETERS
< > DIE SORT VISUAL
(' ) mount
< > PRECURE VISUAL
¢ CURE
< > PREBOND VISUAL
MOLD
COMPOUND BOND
< > PREMOLD VISUAL
(' ) moLp/cure/symBoLizE
. { > QUALITY MONITOR
VISUAL/MECHANICAL INSPECTION
25°C GUARDBANDED TEST:
; T ,
PRODUCT ENHANCEMENT PROGRAM CONTINUITY; FUNCTIONAL, PARAMETRIC
PEP 3 TEST FLOW STANDARD COMMERCIAL PRODUCT
< > TEST FLOW
BURN-IN 125°C/168 HOURS (OR EQUIVALENT), SELECTED HIGH-TEMPERATURE TEST:
0.96 eV ACTIVATION ENERGY CONTINUITY, FUNCTIONAL

ELECTRICAL LOT
25°C GUARDBANDED TEST: —““O ACCEPTANCE: 25°C
CONTINUITY, FUNCTIONAL, PARAMETRIC
MEETS PDA O VISUAL/MECHANICAL

LOT ACCEPTANCE
HIGH TEMPERATURE TEST: PACK
CONTINUITY, FUNCTIONAL )

‘ ELECTRICAL LOT
ACCEPTANCE: 25°C/HI TEMP SHIP
VISUAL/MECHANICAL LEGEND
( > LOT ACCEPTANCE

¥ —MATERIAL INPUT
PACK
O —MANUFACTURING STEP
(0 -100% INSPECTION OR TEST

(O —QUALITY CONTROL MONITOR OR TEST

SHIP

T Applies to TCM prefix devices only.

¥ Post burn-in percent defective (PDA) is 5%. Lots failing this PDA may be burned in one additional
time but must pass a PDA of 2.5%.
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TELECOMMUNICATION PRODUCTS PROCESS FLOWT
CERAMIC PACKAGE

SILICON WAFERS

LEAD FRAME,
CERAMIC BASE MULTIPROBE: CONTINUITY
FUNCTIONALITY, DC PARAMETERS
O DIE SORT VISUAL
CERAMIC CAP CP MOUNT/BOND
< > PRESEAL VISUAL

SEAL

< > QUALITY MONITOR

PRODUCT ENHANCEMENT PROGRAM VISUAL/MECHANICAL INSPECTION
PEP-4 TEST FLOW STANDARD COMMERCIAL PRODUCT

> TEST FLOW

25°C GUARDBANDED TEST:

FINE/GROSS LEAK TEST CONTINUITY, FUNCTIONAL, PARAMETRIC

25°C GUARDBANDED TEST: SELECTED HIGH-TEMPERATURE TEST:
CONTINUITY, FUNCTIONAL, PARAMETRIC CONTINUITY, FUNCTIONAL
BURN-IN, 125°C/168 HOURS (OR EQUIVALENT), SYMBOLIZE

0.96 eV ACTIVATION ENERGY

FINE/GROSS LEAK
25°C GUARDBANDED TEST: LOT ACCEPTANCE

CONTINUITY, FUNCTIONAL, PARAMETRIC
___O ELECTRICAL LOT
O MEETS PDA*} ACCEPTANCE: 25°C
HIGH TEMPERATURE TEST: O VISUAL/MECHANICAL
CONTINUITY, FUNCTIONAL \/ LOT ACCEPTANCE

SYMBOLIZE PACK
FINE/GROSS LEAK ' SHIP
LOT ACCEPTANCE
O ELECTRICAL LOT
ACCEPTANCE: 25 °C/HI TEMP
VISUAL/MECHANICAL LEGEND
O LOT ACCEPTANCE 7 —MATERIAL INPUT
PACK O —MANUFACTURING STEP
[J-100% INSPECTION OR TEST
SHIP O —QUALITY CONTROL MONITOR OR TEST

TAppIies to TCM prefix devices only.
¥ Post burn-in percent defective (PDA) is 5%. Lots failing this PDA may be burned in one additional
time but must pass a PDA of 2.5%.
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Basic Principles of Modem Operation

A modem is a device that enables two digital electronic systems to communicate over
the telephone network. To accomplish this, the digital signals must be converted to analog
signals. The short pulses used by digital equipment contain high frequency components
that are not supported by the limited bandwidth of telephone networks (300 Hz - 3400 Hz).

There are two major schemes of modulation used in modems for telephone networks.
These are Frequency Shift Keying (FSK) and Phase Shift Keying (PSK). In FSK, serial
data is modulated so that a “‘mark” is represented by a sine wave of one frequency, and
a “space” is represented by a different frequency. In PSK, transitions in the digital bit stream
are represented as shifts in phase angle of a single carrier frequency. The FSK concept
is used by the TCM3105. The telephone network is a single-twisted pair of wires, usually
24 or 26 gauge. Two separate paths of communication are required by digital equipment
systems in order to communicate with each other. Each system must have transmit and
receive capability. This interface is supplied by the modem. Full duplex operation is the
simultaneous transmission and reception on a single pair of wires. A two-to-four-wire
converter, or hybrid as it is called in the telecommunications industry, is required (see
Figure 1). This device removes the transmitted data from the receive path so that transmitted
data does not interfere with valid received data.

TRANSMIT
ANALOG
TRANSMIT
—p—l > .
DIGITAL I MQDULATOR l[ PHONE Tie
TWO-TO-FOUR LINE -
MODEM WIRE INTERFACE
CONVERTER AND
oEvE —-—4—-—IDEMODULATOR= < ISOLATION RING
RECEIVE
- ANALOG

CPU PHONE
LINE

Figure 1. Typical Modem System Configuration

The two-to-four-wire converter requires matching the ranges of telephone network
impedances. The impedance of the telephone network varies from line to line due to
manufacturing and installation tolerances of the communications hardware. It is difficult
to obtain good cancellation in a mass-produced piece of equipment.

Four separate frequencies, two transmit and two receive, are used to properly balance
the two-to-four-wire converter. This is to ensure that transmitted and received data do not
interfere with each other.

Designer’s Information n
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The TCM3105

The TCM3105 provides a majority of the functions required of a medium speed FSK
modem in a single 16-pin DIP. The device is manufactured using silicon-gate complementary
MOS technology. The TCM3105 features single 5V supply operation and typical power
consumption of approximately 40 mW. This makes the device ideally suited for use in battery
operated equipment applications, as well as in standard applications. The TCM3105 device
pinout is shown in Figure 2. Refer to pin description listed in Table 1 for the function and
significance of each pin.

The TCM3105 is characterized for operation from 0°C to 70°C (JL suffix) as well
as over the extended free-air temperature range of —40°C to +85°C (JE suffix).

Table 1. Pinout Description

PIN '

NAME NO. 110 DESCRIPTION

CDL 10 | Carrier Detect Level—Sets the threshold level for the carrier detect
decision. Refer to Description of the Carrier Detect Adjustment
paragraph.

CDT 3 (e} Carrier Detect — A high logic level output indicates the presence of
a carrier at the RXA pin. .

CLK 2 (0] Clock — Continuous output clock signal at 16 times the highest
selected transmit or receive baud rate.

0SC1 15 Oscillator 1 and 2 — Input connections for external 4.4336 MHz crystal.

0SsC2 16 See Table 2 for list of crystal manufacturers. If an external clock input
is provided, then the OSC1 pin is left open and the clock is connected
to the OSC2 pin.

RXA 4 | Receive Analog — This input is referenced to an internal voltage and
must be ac coupled.

RXB 7 | Receive Bias Adjust — This input sets the threshold level of the slicer
that allows the bias distortion on the RXD pin to be minimized. Refer
to Description of the Receive Bias Adjustment paragraph.

RXD 8 0 Receive Digital Output — Outputs the demodulated receive data in
positive logic, i.e., a mark is indicated by a high level and a space is
indicated by a low level. The RXD output pin will remain high if there
is no analog input on the RXA pin.

TRS 5 | Transmit/Receive Standard Select Input — This pin along with TXR1
and TXR2 select the standard and mode to be used. See Table 1.

TXD 14 | Transmit Digital — Digital input to the modulator in positive logic, i.e.,
a mark is indicated by a high level and a space is indicated by a low
level. The data can be accepted at any rate from zero up to the selected
baud rate and may be totally asynchronous.

TXR1 13 | Transmit Rate 1 and 2 — These signals along with TRS set the standard

TXR2 12 | and mode to be used. See Table 1.

VpbD 1 Positive supply voltage — 5 volts nominal.




J DUAL-IN-LINE PACKAGE

(TOP VIEW)
VDD 1 Uel]0OScC2
CLK[]2  1s[JoOSC1
cDT[]s  14[JTXD
RXA[Ja  13[JTXR1
TRS[]s  12[]TXR2
NC[Je 11[JTXA
RxB[]7 1ofJcCDL
RXD s o[]Vss

NC—No internal connection

Figure 2. TCM3105 Pinout

BACK MAIN
.4 m
. 387F :87 1200 Fc 2200

1700
FREQUENCY -Hz

437

(a) Bell 202 Channel Assignments

1200 BAUD 600 BAUD .
BACK MAIN | sack . MAIN

c

=

)

| 1 \ £

Tnt T L T TI T T L T =
370 450 1300 Fc 2100 390 450 1300 1700 o
Fc 1700 Fc Fc [=
420 _ 420 1500 -_
FREQUENCY -Hz , FREQUENCY —Hz »n

. ‘h

(b) -CCITT V.23 Channel Assignments g

(=2}

Figure 3. Bell 202 & CCITT V.23 Channel Assignments 'g

‘ (a]

Modes of Operation of the TCM3105

The TCM3I105 is an FSK type modem that is designed to implement the Bell 202
and CCITT V.23 Standards (see Figure 3), which define mark and space frequencies, and
the maximum data rate that can be transmitted for a given mark/space pair.
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The TCM3105 can be placed into a given mode of operation by applying the proper
signals to the TRS (Transmit/Receive Status) and the TXRI and TXR2 (Transmit Rates
1 and 2) input pins. The various modes of operation for the modems are summarized in
Table 2. The CLK signal pin operates at a clock frequency of 16 times that of the selected
receive or transmit bit rate, whichever is higher.

- Table 2. TCM3105 Modes of Operation

Transmit | Receive | Transmit | Receive Clock
Standard TRS TXR1 | TXR2 | Bit Rate | Bit Rate Freq Freq (kHz)
(Bit/s) (Bit/s) (Hz) (Hz)
0 0 (o] 1200 1200 M 1300 M 1300 | 19.11
S 2100 S 2100
1 0 0] 1200 75 M 1300 M 390 | 19.11
S 2100 S 450
0 0 1 600 75 M 1300 M 390 9.56
S 1700 S 450
CCITT 1 0 1 600 600 M 1300 M 1300 9.56
V.23 S 1700 S 1700
0 1 [0] 75 1200 M 390 M 1300 | 19.11
S 450 S 2100
1 1 0 75 600 M 390 M 1300 9.56
S 450 S 1700
0 1 1 75 75 M 380 M 390 1.19
S 450 S 450 |
LK 0 0 1200 1200 M 1200 M 1200 | 19.11
S 2200 S 2200
CLK/8 0 1 1200 150 M 1200 M 387 |19.11
S 2200 S 487
CLK/8 0 1 1200 5 M 1200 M 387 |19.11
BELL S 2200 S 0
202 CLK 1 0 150 1200 M 387 M 1200 | 19.11
: S 487 S 2200
CLK 1 1 150 150 M 387 M 387 2.39
S 487 S 487
* 1 * 5 1200 M 387 M 1200 | 19.11
S 0 S 2200
1 1 1 Transmit 1200 Transmit | M 1200 | 19.11
Disabled Disabled | S 2200

*In this mode, the modulation is controlled by the TRS and TXR2 inputs, TXD is set to 1.

If TRS
If TRS

CLK & TXR2
1 & TXR2

0, then TXA
1, then TXA

387 Hz
0 Hz

I
I
Il

Architectural Description of the TCM3105

The modem has four main functional blocks: a transmitter, a receiver, a carrier
detector, and timing and control (see Figure 4).



GlL-€

TRANSMIT TRANSMIT
FSK DIGITAL I ,
pigitaL Txp“2 MODULATOR TO ANALOG Fi’f_ZR '-'?"’:T'_’::S L 01 1A "ANALOG
INPUT CONVERTER OUTPUT
RECEIVE
BIAS __ (7)
ADJUST @ RECEIVE
RECEIVE COMPARATOR — RXD DIGITAL
a)| Low-PASS
ANALOG Rxa 2] ASS LI meceve COMPARATOR Fsk || OUTPUT
X FILTER FILTER DEMODULATOR
NPUT
AND -
GROUP
AUTOMATIC DELAY OFFSET
~ GAIN EQuALIZER COMPEN-
‘_ CONTROL SATION
<
CARRIER 3 CARRIER-
CARRIER-DETECT ;:TZ'::'S‘R DETECT 3 cpr DETECT
LEVEL coL (10) _ DELAY OUTPUT
ADJUST
(15)
OSCILLATOR JOSC1 4.4336 MHz
CONNECTIONS gsc2 18! OSCILLATOR
TIMING
(13) 2
BIT RATE JTXR1 AND 2 ¢k crLock
SELECT 1xp2-12. CONTROL
5
TRANSMIT/ TRS —2
RECEIVE
STANDARD SELECT
Figure 4. TCM3105 Functional Block Diagram
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Transmitter

The transmitter consists of a phase-coherent FSK modulator with a transmit filter
and transmit amplifier. The modulator is a programmable frequency synthesizer that obtains
the required output frequencies for the modem by dividing the 4.4336 MHz master clock.
The division ratio is set by the states of the TXD (Transmit Digital), TXR1, TXR2 and
TRS inputs (see Table 2). The transmit filter consists of a switched-capacitor filter stage
and a continuous-time filter stage. The switched-capacitor filter samples at a rate dependent
upon the transmit frequency selected. This arrangement offers the optimum rejection of
out-of-band terms, regardless of the transmit frequency. The continuous-time filter is a
second-order Bessel function filter that rejects the clock feedthrough from the switched
capacitor filter. The analog output (TXA) pin of the modem is dc biased at approximately
50% of the supply voltage and should be coupled to the two-to-four-wire converter. The
overall transmit gain is adjustable within the two-to-four-wire converter.

Receiver

The receiver section consists of an antialiasing prefilter, receive amplifier, receive
filter, compromise line equalizer, limiter, demodulator, post demodulator filter, and slicer.

The antialiasing prefilter is a continuous-time low-pass filter that prevents aliasing
of high frequency components and sets the band limits of the input signal.

The receive amplifier is part of the receive filter. The receive filter is an elliptic
switched-capacitor design, composed of three sections. The first section is a filter that has
a high discrimination against the transmit frequencies. The second section is a bandpass
filter that includes an automatic gain control function to regulate the amplitude of the signal
to the slicer. The last stage is a low-pass filter that attenuates high frequency interference.
Overall, the receive filter attenuates broadband interference and removes out-of-band energy
that would interfere with demodulation.

The compromisé line equalizer is a switched-capacitor equalizer that compensates
for the group delay. distortion of the receive filter and telephone network. The output of
the equalizer is converted to a square wave by a hard limiter.

The demodulator is a conventional monostable multivibrator configured to trigger
on the rising and falling edges of the limiter output. The output of the demodulator is a
train of fixed-length pulses at a frequency equal to twice that of the received analog signal.
Thus, the dc component of this signal is proportional to the frequency of the received signal.

The post demodulator filter is a switched-capacitor low-pass filter that extracts the
dc component from the output of the demodulator.

The final stage of the receiver is a slicer that has an externally adjusted reference
voltage applied to the RXB (Receive Bias) pin. The RXB reference voltage is necessary
to compensate for offsets introduced in the switched-capacitor circuitry. The output of the
slicer is the RXD (Receive Digital) pin. The RXB reference voltage need not be readjusted
when changing modes of operation, as the modem compensates internally.



Carrier Detector

The carrier detector section consists of an in-band energy detector and a digital delay.
The energy detector measures the total energy level at the output of the receive filter and
compares this level to a bias level that is set at the CDL (Carrier Detect Level) output
pin. The CDT (Carrier Detect) pin is a logic high in the presence of a carrier.

A degree of protection against false output, due to brief signal dropouts, is present.
The energy detector is buffered by a short time delay qualifier before the carrier detect
signal is sent through to the CDT pin. In addition, the detector exhibits approximately
4 dB of hysteresis to prevent output oscillation.

Timing and Control

The timing is controlled by an external 44336 MHz crystal oscillator. Refer to
Table 3 for a list of suggested crystal manufacturers. From this master frequency, the timing
section generates all the clock control signals and supplies the CLK output signal.

Table 3. 4.4336 MHz Crystal Manufacturers

Manufacturer CL Tolerance Comments

Midland-Ross Stock Number C 1721N
PH. 414-763-3591] 20 pF | +0.005%| Part Number MPC 18
@ 25°C | Requires a 27 pF capacitor from each leg to ground

CTS Knights Part Number R 1335-5BA4433619

PH. 815-786-8411] 20 pF | +0.005% | Requires a 27 pF capacitor from each leg to ground
Erie Frequency Part Number L 01-0096-004433618

Control 30 pF | £0.005%| Requires a 50 pF capacitor from each leg to ground

PH. 717-249-2232

Seiko Instruments No Part Number Available

PH. 213-530-8777| 15 pF | +0.005%| Requires a 15 pF capacitor from each leg to ground

Description of the Interface Line
FCC REGISTRATION

The Federal Communications Commission (FCC) has imposed ccertain restrictions
on terminal equipment, including modems, that is connected to the telephone network.
FCC Part 68 documents these requirements, which include the following limitations: leakage
current, hazardous voltage, signal power, and on-hook impedance. Any device connected
to the telephone network must conform to these requirements and be assigned an FCC
registration number. The primary interest to modem designers is the hazardous voltage
requirements and leakage current limitations. The most practical way to meet the FCC
requirements is to electrically isolate the modem from the telephone network with a
transformer. This is the most widely accepted method for interfacing direct-connect modems
to the telephone network.
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Preassembled direct connect devices that perform the modem-to-telephone network
interface are available. These devices have typically been assigned an FCC registration
number and they include many features such as line powering, ring detection and regulation
of loop current. One manufacturer of such products is Cermetek Microelectronics.

FCC registration is not required when the modem is acoustically .coupled to the
telephone network through a telephone handset. However, this method presents serious
drawbacks because telephone sets have very different frequency responses, which make
high performance acoustically-coupled modems difficult to design.

TWO-TO-FOUR WIRE CONVERTER OPERATION

The two-to-four-wire converter is part of a typical telephone network interface
(see Figure 5). This circuit is necessary to-interface the two separate digital channels (transmit
and receive) to the single-pair telephone network. A simplified two-to-four-wire converter
is shown in Figure 6. This is one of several possible solutions.

To understand how the converter operates, the signal is traced from the transmit input
to the receive output. A signal entering the transmit node is buffered by UlA and the output
signal is placed across an effective load of ZT + Zp, in parallel with ZT’ + Z1," The
signal across Z7 , is then placed on the telephone network via a transformer. A signal being
received from the telephone network is buffered by UIB and placed at the receive node.
To reduce the amount of the transmit signal that appears at the receive node, UIB is used
in the differential mode to cancel two transmit signals that are 180 degrees out of phase
with one another. The two transmit signals appearing at UIB must be of comparable levels.
By correctly selecting ZT' and Z ', the transmit signals at UIB will be approximately of
the same level. ZT' and Z ' should be selected to satisfy the following equation:

ZT 721’

7y 7y’
Note: The above equation does not have a restriction on the absolute magnitude of ZT’
and Z1 ', only on the ratio of the two. They are therefore scaled versions of the

termination and line impedances. This scaling allows small capacitances and large
resistances to be incorporated in the network.
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Description of the Carrier Detect Adjustment

The threshold of the carrier detect circuitry in a modem can be adjusted by an external

voltage bias at the CDL pin. The minimum detected level is set between the limits of —55
dBm to —35 dBm. A plot of the threshold versus the bias at the CDL pin is shown in
Figure 7. The procedure for adjusting CDL is as follows:

3-20

1. Apply 4 V to the CDL pin.

2. Place the correct inputs to pins TXR1, TXR2, and TRS so that the TCM3105
is in the desired mode. Refer to Table 2. '

3. Apply an ac-coupled, sinusoidal signal to the RXA pin at a frequency between
the mark and space frequencies for the mode selected. The amplitude of this
signal is set to the lowest signal level that is desired for thé modem to detect.
A nominal signal level is —44 dBm. '

4. The CDT pin should be low.

5. Decrease the voltage at the CDL pin until the voltage at the CDT pin becomes
high.

Note: The TCM3105 has a carrier detect delay of 20 ms to 80 ms depending on
the receive rate selected. A wait for this delay to time out is required before
the CDT pin is monitored.

6. The carrier detect level adjustment is now set.
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Figure 7. CDL Bias Level Vs Carrier Detect Threshold

Description of the Receive Bias Adjustment

An adjustment of the bias voltage at the RXB pin is required to minimize the bias
distortion of the demodulated receive signal at the RXD pin. The bias voltage applied to
the RXB pin is used by the slicer to set an internal threshold. A plot of the bias distortion
of the RXD signal versus the bias level at the RXB pin is shown in Figure 8. The receive
bias can be adjusted by one of two methods. :

Method 1

1. Apply the desired signals to pins TXR1, TXR2, and TRS to set the modem in the 1200
baud transmit/1200 baud receive half-duplex mode (for either CCITT V.23 or Bell 202
Standards).

2. Set the modem in the loopback mode (as shown in Figure 9). The attenuator ensures
that the analog signal from the TXA pin to the RXB pin is less than 0.78 V peak to peak.

3. Apply a ground to Vpp and a 600 Hz square wave to the TXD pin.

4. Monitor the RXD pin with an oscilloscope and adjust the voltage at the RXB pin until
the output signal at the RXD pin has a 50% duty cycle.

3-21
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Method 2

1. Apply the desired signals to pins TXR1, TXR2, and TRS to set the TCM3105 in any
proper mode.

2. Apply a signal with an amplitude of less than 0.78 V peak to peak to the RXA pin.
The frequency of the input signal should be exactly in the middle of the mark and space
frequencies for the mode selected.

For example, if the Bell 202 1200 baud receive mode is selected, the signal should then
have a frequency of 1700 Hz which is the center of the mark frequency of 1200 Hz and
the space frequency of 2200 Hz.

3. Apply 3.5 V to the RXB pin, and the RXD pin should exhibit a mark (or high).

Reduce the voltage at the RXB pin until RXD pin exhibits a low (space), then increase
the voltage at the RXB pin until the RXD pin exhibits a high (mark). The bias at the
RDX pin is now set.

Either method will correctly set the bias required for the RXB pin to minimize the bias
distortion. Once the adjustment has been set for one particular mode of operation, no
further adjustment should be necessary for the remaining modes. The bias distortion
should not vary with the baud rate.

Output Jitter Measurement

To measure the demodulated receive output data jitter at the RXD pin, it is necessary
to set the modem into a loopback mode (see Figure 9). Apply the proper signals to pins
TRS, TXR1, and TXR2 to place the modem in the 1200 baud transmit/1200 baud receive
half duplex mode (for either CCITT V.23 or Bell 202). Apply a ground to Vpp and a
600 Hz square wave to the TXD pin. With an oscilloscope (set for leading edge triggered)
look at the signal at the RXD pin. It should appear as illustrated in Figure 10. The jitter
of the output is the difference between Tyax and Tmin.

Notes: A. Section VII must be accomplished before the jitter measurement.
B. 44336 MHz is from a 443361875 MHz crystal (European color burst crystal).

i— tmax—P
— tmin—

JITTER = tmax —tmin

Figure 10. Jitter Timing Diagram
3-23
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Conclusion

The TCM3105 Modem is a simple solution for many medium-speed data
communications systems. On a single chip, there is a FSK modulator/demodulator with
all the necessary filtering and equalization to provide full asynchronous operation up to
1200 baud. A complete data communications solution with the TCM3105 can be implemented
with a minimal amount of design effort and chip count. The low-power consumption
(40 mW typ) and the extended operating temperature range (—40°C to 85°C for the JE
suffix) make the TCM310S ideal for battery operated equipment that must withstand a harsh
environment. Refer to the TCM3105 data sheet for detailed specifications.
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Introduction

In a typical telephone network, the subscriber device (usually a telephone) is connected
to a pair of wires called the tip and ring. This pair of wires, known as the subscriber
or local loop, connects the subscriber apparatus to the central office (CO) or private branch
exchange (PBX). The CO or PBX contains many line cards, each of which interfaces with
one or more local loops.

Line-card functions are similar for CO and PBX, with the PBX requirements being
less stringent. The functions of line cards are commonly known as the BORSCHT functions.
This term is an acronym that stands for Battery feed, Over-voltage protection, Ringing,
Supervision, Codec and filter, Hybrid, and Test. The arrangement of the BORSCHT
functions for a single local loop is illustrated in Figure 1. These functions can be separated
into two groups: high voltage and low voltage. In the high-voltage group are battery feed,
over-voltage protection, ringing, and test, while the remaining functions fall into the low-
voltage group.

LOCAL LOOP
H c
0 TP TRANSMIT
IF OVER HYBRID & TRANSMIT PCM N
AND -
RING VOLTAGE { RING SIGNAL 3 CODEC RECEIVE PCM
=L PROTECTION ¢~ ONDITIONING g je——RECENE PN
DEVICE nsé ve S OFF-HOOK
B SUPER. | GROUND START "[
| »
ATTERY VISION RING TRIP
FEED
1
R{| RINGING
CONTROL
CONTROL| FROM
COMPUTER
T TEST

Figure 1. Typical Arrangement of the BORSCHT Functions

In recent years, the trend has been towards increasing the packing density for the
CO and PBX. This goal has been realized through the use of LSI circuits to perform one
or more of the BORSCHT functions. This in turn has enabled the number of lines handled
by each line card to be increased from one to as many as eight. These circuits not only
have decreased the space per line ratio for CO components, but also have reduced the
cost per line and have improved reliability.
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Texas Instruments initial step towards consolidation of the BORSCHT functions was
the introduction of the TCM2910 and TCM2911 Codecs and the TCM2912 filter. System
integration was further advanced by combining both Codec and filter on the TCM2913
and TCM2914 combos. Today, however, Texas Instruments has further integrated the
line card by providing hybrid, supervision, and controlling functions with a family of CMOS
LSI circuits called the Subscriber Line Control Circuits (SLCC). Offered are three versions
of the SLCC (TCM4204A, TCM4205A, and TCM4207A), each of which is designed for
a specific application. (See Functional Description.)

High-Voltage Functions
Battery Feed

The battery-feed function provides the loop with a dc current to power the telephone
and is usually supplied by a 48-V battery. For long rural lines, a higher voltage is often
used (96 V). :

Over-Voltage Protection

Over-voltage protection suppresses high-voltage transients induced by lightning or
high-voltage utility lines.

Ringing
This function supplies a ring signal to the subscriber device by switching a ring

generator onto the local loop. The signal is typically a 90 V rms sine wave at 20 Hz and
is gated for one second on with three seconds off.

Test

Testing involves the use of relays to provide access to the local loop and to the
switching circuits in order to test the line.

Low-Voltage Functions
Supervision

When the subscriber apparatus is taken off-hook, the local loop is closed and a dc
current is allowed to flow. The supervisor function monitors this loop current to determine
when the telephone goes on- or off-hook. It is also used to perform dial-pulse accumulation
when rotary-dial telephones are used. Dial pulses are generated by opening and closing
the loop in rapid succession.

Codec and Filter

The Codec function is performed when an analog line is interfaced with a digital
trunk. Encoding is carried out on the analog signal from the loop, and decoding is performed
on the bit stream from the trunk. A voice-band filter (300 Hz to 3500 Hz) is used before
encoding and after decoding.
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Hybrid

The hybrid function separates the bidirectional voice signals from the two-wire loop
into distinct transmit and receive paths. This separation facilitates the use of analog repeater
amplifiers or digital processing circuits. The hybrid function is named for the specialized
transformer that has traditionally performed this two-wire to four-wire conversion.

Theory of Operation
Signaling

In addition to the supervision signaling previously described, two other types of
signaling are used: ring and dial pulse signaling.

Ring Signaling

A ring signal is initiated in the CO or PBX and is used to alert the subscriber to
an incoming call. The ring signal is injected onto the local loop by switching a ring generator
in series with the battery.

The ring signal in the United States is a sine wave ranging in frequency from
15.3 Hz to 68 Hz, and in amplitude from 40 V rms to 150 V rms. The signal is gated
on and off in a particular ‘cadence.” A typical ring signal in the U.S. is 90 V rms at
20 Hz gated for one second on and three seconds off.

Dial-Pulse Signaling

Dial pulses are generated by making and breaking the subscriber loop in rapid
succession. Figure 2 shows loop current as a function of time during dialing. In the United
States, the recommended timing requirements for dial pulses are given by the Electronics
Industries Association RS-470 standard. This document specifies a pulse period from
91 to 125 ms, with a percent break between 58 and 64. Here, percent break is defined
as follows: ‘

[(break duration)/(break duration + make duration)] X 100
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Figure 2. Dial Pulse Timing Diagram

Device Description

The pin functions of TI’s three SLCCs are given in Table 1, and the functional block
diagram is shown in Figure 3. Each SLCC can be divided conceptually into digital, analog,
and supervisor functions.

Digital Functions

The heart of the digital section of the SLCC is a 24-bit data storage unit (DSU).
This DSU contains bits of read only and read/write data to provide hook status, relay
control, transmit and receive gain control, and line-balance selection.

The bits in the DSU are accessed through a single DATA pin. A low transition on
the chip enable input (CE) causes the DATA pin to change from a high impedance to
an active state, and sets the pointer/counter to bit 0. The pointer is advanced by a positive
transition on the clock (CLKM) input. The read/write (R/W) input determines the direction
of information flow on the DATA pin. See the TCM4204A data sheet for a detailed timing
diagram. : )

- Analog Functions

The analog functions consist of the receive and transmit signal paths, with attenuators,
and the hybrid function. The receive and transmit attenuators increase the versatility of
the SLCC. The receive path gain is variable from -7.8 dB to +4.8 dB in 0.2-dB increments.
The transmit path gain is variable from -12.6 dB to 0.0 dB in 0.2-dB increments.
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Table 1. Pin Functional Description

PIN
NAME TCM4204A TCM4205A TCM4207A DESCRIPTION

ANLG GND 4 4 4 Analog ground

AUX1 11 11 1

AUX2 12 Latched digital outputs for relay control

AUX3 13

BALO 19 23 19

BAL1 18 22 18 Analog input to balance network selection

BAL2 17 21

BALOT 5 5 5 A buffered form of the RX signal for application to the external balance
network

CE 9 9 9 Chip enable. Activated by a logic low input.

CLKM 7 7 7 Digital clock input that advances the pointer counter of the digital
storage unit (DSU) allowing the information in the DSU to be
accessed. When R/W and CE are low, information on the
DATA I/O pin is latched into the DSU by the falling edge of CLKM.

CLKS 13 15 13 A continuous clock input (from 1.536 to 2.048 MHz) used for internal
logic. This signal is not synchronous with any other signal.

DATA 1/0 10 10 10 Digital data input/output. When CE is low and R/W is high, the
DATA 1/0 pin is in the output mode. When CE is low and R/W is
low, the DATA /O pin is in the input mode. When CE is high, the
DATA 1/O pin is in the high-impedance state.

DGTL GND 12 14 12 Digital ground

GS REF 20 Analog reference voltage input used for ground start supervision.

PWRU 17 Decoded digital output of Mode Control used to control an external
power supply.

RNGR 14 16 14 Latched digital output to control the ring relay. The output turns off
(low) when off-hook is detected, but the controller must program
the ring bit low to ensure that the output remains low.

RXIN 6 6 6 Analog input to the receive section

RXO + 2 2 2 X .
Complementary analog output of the receive amplifier

RXO — 3 3 3

R/W 8 8 8 Digital input control for the direction of response of the digital
storage unit. A logic high on R/W sets the DSU to transmit
information. A logic low on R/W enables the DSU to receive
information.

SUP + 16 - 18 15 Differential analog supervision inputs. Inputs to SUP + and SUP —

SUP - 16 19 16 are used to detect off-hook status during normal and ringing
supervision. .

SUPOT 17 Filtered supervisory analog output

TXFB 20 24 20 Feedback out of TX input amplifier

™I+ 2 25 21 Analog differential inputs to TX input amplifier

TXI— 22 26 22

TXOT 23 27 23 Analog output of TX output amplifier

VpbD 24 28 24 Supply voltage (6 V +5%)

Vss 1 1 1 Supply voltage (-5 V +5%) referenced to ANLG GND

Supervision Functions

Line supervision is performed using differential inputs SUP+ and SUP-. When loop
current flows, a voltage appears across the inputs from an external resistor network. The
low-pass filter (LPF) shown in Figure 3 is used when off-hook detection is required during
ringing. The LPF is a switched-capacitor filter, and its cutoff frequency is determined
by the frequency of the input CLKS. Figure 4 shows the filter characteristics as a function
of CLKS frequency. The LPF filters out the ac component from the supervision signal
to detect a valid off-hook condition during ringing. The output of the LPF is used to set
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bit 0 (on/off-hook) of the DSU. By virtue of the CLKS input, the SLCC can be used with
any frequency ring generator. With the SLCC in the voice mode of operation, the LPF
is ignored. This condition allows dial pulses to pass undistorted to the DSU.
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Figure 4. Filter Characteristics as a Function of CLKS Input

3-35

Designer’s Information m



uonewuoyu] s,1oubisag E

Functional Description

The three versions of the SLCC (TCM4204A, TCM4205A, TCM4207A) have some
functional differences. Each is designed to accommodate a different type of application,
as outlined below.

TCM4204A

The TCM4204A, a 24-pin device, is configured to operate in a standard loop-start
CO or PBX environment. It provides a ring relay output, plus one auxiliary output to control
the test relay. A provision for three balance networks allows the same card to operate
on virtually any length of line through a simple software manipulation.

TCM4205A
The TCM4205A is a 28-pin version of the SLCC and is ideal for ground-start

- applications. It performs all those functions found in the TCM4204A, with the addition

of two extra relay outputs, a PWRU pin used to signal the power supply, and a GS REF
ground-start reference input.

TCM4207A

The TCM4207A is identical to the TCM4204A aside from the addition of a supervisor
output, which replaces one of the line-balance networks. This supervisor output provides
a voltage that is proportional to the supervisor input-voltage. The output is used in driving
a flux-cancelling winding in the battery-feed transformer.

System Design
Supervision Circuit '

A typical application of the TCM4204A in a loop-start system is shown in
Figure 5. In the normal (nonringing) state, the loop current (typically 20 mA to 80 mA)
flows through the path defined in Figure 6. The loop current causes an IR drop across
each of the 200-Q resistors, which shifts the voltage levels on the supervision inputs (SUP+
and SUP-). Figure 7 gives SUP+ and SUP- voltages as a function of loop current. When
the differential voltage between the two exceeds the threshold, the SLCC responds by
setting the hook-status bit in the DSU to a logic high, indicating the off-hook condition.
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A detailed diagram of the supervision circuitry of the SLCC is given in Figure 8.
The details of supervisor operation are as follows:

1. A differential voltage across the SUP+ and SUP- inputs, referenced positive
on SUP + is required to initiate the off-hook condition (bit O high) in the standby
or power-down mode.

2. Initial off-hook detection is always done in the standby or power-down mode.
3. The voltage across SUP+ and SUP- required for off-hook detection is 50 mV.

4. For rejection of the ring signal, the supervisor information is filtered with
a switched capacitor low-pass filter when not in the voice mode.

5. When the ring bit is set high, an off-hook detection causes the ring relay output
to go low; however, the ring bit must be reset to low by the controller before
the controller changes the SLCC to the voice mode.

6. The voltage on either SUP input should always be between -2 V and
+2.5 V. Outside this range, the supervision circuits become non-linear and
the SUP inputs may require significant current. For this reason it is
recommended that SUP+ and SUP- both be near O V for no-loop current.

7. After initial off-hook detection, the SLCC should always be placed into the
voice mode.

8. When the SLCC is placed in the voice mode, on-hook is detected using a peak-
detector circuit. The peak-detector samples and stores the peak value of the
SUP differential voltage. On-hook is detected when the SUP voltage falls below
half the stored voltage. This circuit provides the ability to detect dial pulses
and on-hook at the termination of a call. '

9. The peak-detector circuit capacitor is discharged to 0 V whenever the SLCC
is placed in the ring mode or when the Supervisor reset bit is set to a high.
The Supervisor Reset should be used if off-hook is detected during standby
mode to eliminate any accumulated charge on the capacitor due to noise.

If the subscriber returns to on-hook status while the Supervisor Reset bit is being
used, then the SLCC cannot accurately detect the on-hook condition since, both the SUP
voltage and the peak detector are at O V. This inability can be prevented by providing
a dc bias-voltage in the reverse direction on the SUP+ and SUP- inputs when no loop
current is flowing.

During pulse dialing, the loop current is pulsed off and on approximately ten times
per second. When the SLCC is in the voice mode (set through the microprocessor interface),
the supervisor information from SUP+ and SUP- is routed through a peak detector circuit,
bypassing the low-pass filter. The pulses toggle the hook status bit in the DSU as the loop
current is pulsed. The controlling microprocessor monitors this bit and counts the dial
pulses. Dial-pulse accumulation can be accomplished only in the voice mode, because
the low-pass filter will distort the dial pulses.
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Ring-trip is the supervisor function which involves detecting off-hook during the
ringing condition and resetting the ring relay. The SLCC must be in the standby or power-
down mode when the ring bit is set to allow the LPF to reject the ring signal from the
supervisor information.

When the ring relay is activated, the system is reconfigured as shown in Figure 9.
The off-hook dc current path has been traced to illustrate the ring-trip function. When
the telephone goes off-hook in the ringing condition, the IR drop across the 400-{ resistor
causes the potential at the SUP- input to drop below that at the SUP + input. The SLCC
automatically turns off the ring relay output when the hook status bit has been set. The
controller must then reset the ring bit as soon as an off-hook condition has been determined.

o,

+5 V (Vpp)

RING
GENERATOR

107 kQ@

SUP +

SUP-

33.2 kQ

Figure 9. Off-Hook Loop Current Path During Ringing Condition

The Supervision circuit shown in detail on Figure 6 and Figure 8 was designed to
the following criteria:

1. A 10-mA loop current represents off-hook.

2. A -50-mV reverse bias exists when the loop current equals O.
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The simplified loop equations are as follows:
1. Nonringing condition:

VsUp+ = [VDD(I/R5) + VBATT(I/R3) + I1(R1)(1/R3)]/[1/R5)
+ (1/R9) + (1/R3)]

VSUP- = [VDD(I/R4) + VBATT(I/R2) - I(R11)(1/R7)Y/
[(1/R2) + (1/(R6 + R10)) + (1/R8) + (1/R4)
+ (1/R7)]

2. Ringing condition:

Vsup+ = [VDD(I/RS) + VBATT(I/(R3 + R)I/
' [(1/R1 + R3)) + (1/R9) + (1/R5)]

VSUP- = [VDD(I/R4) + VBATT(I/R2) - II(R10)(1/R6)}/
[(1/R2) + (1/(R7 + R11))
+ (1/R6) + (1/R8) + 1/R4)]

Circuit values:

uonewuloju) s,saubisag u

Derived values Typical Values
R1 = 200 Q 200 Q@
R2 =R 1 MQ
R3 =R 1 MQ
R4 = R/9.8 102 kQ
R5 = R/9.4 107 kQ
R6 =R 1 MQ
R7 =R 1 MQ
R8 = R/27.2 36.5 kQ
R9 = R/29.6 33.2 kQ
R10 = 400 © 400 Q
R11 = 200 @ 200 Q
Vpp = 5V
Vgg = -48 V
Typically R = 1 MQ

Substitution of the circuit values yields the following:
Nonringing condition:

VSUP+ = (OIL, -0025 V
VSUp- = (-5)IL, + 0025 V
VsurP+ -VSup- = (10)If, -0.050 V

Ringing condition:

Vsup+ = -0025 V
VSUP- = (-10)I, + 0025 V
VSUP+ -VSUP-= (10)I, -0.050 V

NOTE: I1, is in mA

' 342



Hybrid Circuit

Figure 5 shows that any signal that is applied at the receive input (RXIN) will appear
across the transmit-amplifier inputs. The hybrid prevents the received signal from being
returned on the transmit output (TXOT). The SLCC performs the hybrid function with
the amplifier configuration of Figure 10. With a proper balance network, the receive signals
at nodes D and F will be equal in amplitude and opposite in phase, cancelling completely

at node G.
Z1/2 pxo+ # Va RX RXIN
O—e¢———
_ - A ATTEN
z ] I
"[] Ve VB
1 l , v
_ri] RX;— X1 é X1 E BALOT
Z7/2
Zt
VE F
Zg
X -
ATTEN O+-TXOT

*The gain of this amplifier is set by the user. If R1/R2 = R3/R4, the output is

Vo = B2 (v1-V5), or G = R2/R1.
R1

Figure 10. SLCC Hybrid Function Amplifier Configuration
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In the illustration, the gains of all internal amplifiers are unity, except for the transmit-
input amplifier, which has a gain G that is set by the user with external resistors. The:
impedance ZT is the termination impedance and Zj ; is the line impedance, which is reflected
through the battery-feed transformer.

Analysis of the hybrid can be accomplished by assuming that a signal is applied at
RXIN such that VA = 1 V. By tracing the signal to the various nodes, the following voltages
are obtained:

VA =1V
differential voltage VB =2V ,
differential voltage Ve =2[Z1/(ZT + Z1)] V
' Vp = 2G[ZL/(ZT + Z1)]1 V
VE=-1V

Vg = -ZB/(ZT'+ ZB) V
For proper signal cancellation:

VD = -VFor

2G[ZL/(ZT + ZV)] = ZB/(ZT' + ZB)
(12G)[ZT/ZL, + 1] = ZT'1ZB + 1
12G[(ZT/Z1) + 1] = ZT'/ZB + 1

If G is set to 1/2, for proper signal cancellation:

Z1/Z1, = ZT1'/ZB
NOTE: If G is not equal to 1/2, proper balance cannot be obtained.

The impedances ZT' and ZB can be scaled versions of ZT and Z1 . By scaling the
impedances up, large resistors and small capacitors can be used in the balance networks.
The impedance of the three balance networks in parallel must be greater than 10 kQ to
prevent loading the balance output (BALOT).

Flux-Cancelling Drive Circuit

~In the CO or PBX, the dc loop current flows through the transformer coil. This dc
current in turn produces a dc flux in the core of the transformer. As the size of the transformer
decreases, its core tends to become saturated at lower flux levels. In order to use the smaller
transformers required to conserve space, a means of preventing core saturation is necessary.

Many transformers now have a flux-cancelling winding. This extra winding provides
a means of generating a dc core-flux to oppose that created by the local loop. Normally,
the CO-side to subscriber-side turns ratio is 1:1. If the CO or subscriber-side has n turns,
the flux-cancelling winding usually has 3 n to 5 n turns. By forcing a current through the
flux-cancelling winding that is 1/3 (for 3 n turns) to 1/5 (for 5 n turns) of the loop current,
the dc core-flux is kept at 0, even for large loop currents. Using the standard dot convention,
if the loop current flows into the dot on the subscriber side, the flux-cancelling current
must flow out of the dot in the flux-cancelling winding.
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Driving the flux-cancelling winding of the transformer requires a high impedance
current source. This fact is indicated by the impedance transformation across the transformer.
If a transformer has a flux-cancelling to subscriber-side turns ratio of n:1, the flux-cancelling
drive circuit impedance is reflected to the CO side as 1/n its actual value. For a turns ratio
of 5:1, which is a typical value, the impedance is reflected as 1/25th of its value. Unless
the impedance of the drive circuit is high, it will load the output from the CO.

Figure 11 is a plot of SUPOT versus differential supervision input-voltage, (SUP+)

.—(SUP-). SUPOT is a high impedance output that provides a voltage twice that of the

differential input. From Figures 7 and 11, a plot of SUPOT versus loop current is obtained
(see Figure 12).

The linear relationship between SUPOT and loop current allows the use of a voltage-
controlled current source as the flux-cancelling winding drive circuit. Figure 13 is one
possible example. The voltage at node A is the negative of SUPOT. Proper choice of R1
provides the correct flux-cancelling current. Since the voltage at node A exactly follows
SUPOT, this circuit offers a very high impedance to the transformer.

0.8
0.7
0.6
0.5

0.4

SUPOT-V

0.3

0.2

0.1

0 | | | | |
10 20 30 a0 50
IL—LOOP CURRENT-mA

Figure 12. SUPOT as a Function of Loop Current
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0.1 uF

SUPOT

220 mV Typ

R3

FLUX-CANCELLING
WINDING

-48 V

Figure 13. High-Impedance Drive Circuit for a Flux-Cancelling Winding

Increasing the gain of the op-amp circuit and adjusting R1 accordingly minimizes
the dissipation of power in Q1. The upper limit on R1 is determined by the maximum
current that must be provided, plus the dc resistance of the winding. At maximum current,
Q1 must remain out of saturation; that is, VCE > VCE(sat)-

A design example is a flux-cancelling to subscriber-to-CO turns ratio of 5:1:1. From
Figure 12, notice that at 0 mA loop current SUPOT is O V, and at 20 mA loop current
SUPOT is 0.4 V. These points give a slope of (0.4 - 0)/(0.02 -0) = 20. Since only one
fifth the loop current is required, R1 is chosen as 20 X 5 = 100. The power dissipated
in Q1 is the following:

Pgiss = ICc X VCE
= Ic[48 - Ic(R1 + RW)]
= Ic[48 - RT X Ic]; RT = R1 + RW
where RW is the dc resistance of the winding. The maximum power
dissipation occurs where the first derivative is O: ,

dPgjss/dIc = 48 - 2RT X Ic = O
Ic= 24/RT
Substituting this value into the power equation gives

Pgiss(max)= (24/RT)[48 - RT(24/RT)]
= 24 /RT
= 576/RT.
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The collector-to-emitter breakdown voltage of Q1 must be considered. This transistor
must tolerate a VCEQ of 48 V, and one possible component for this position is the

2N2905A.

The operational amplifier A1 in the diagram can be any inexpensive circuit that will
operate from +5 V to -5 V, such as the MC1458 dual op-amp.

Figure 14 shows a TCM4207A application with the flux-cancelling drive circuit.

TEST
RELAY

{=

LEGEND
ANALOG

GROUND

v

100 Q 100 kQ

1

00 kQ

R/9.4 R/9.8

RELAY
DRIVE
L1
RINGER AUX1
SUPOT Vgsh—
Vpp RXIN}—
‘ DGTL
RXO + GND -—:_1:
ANLGl _~
IRXO- GND ‘_ﬁ
TXOTH
| TXFB
CLKS —
|TXI- DATA}-
RIW |
| TX1 + -
CE—
CLKM |
RALOT
7
BALO
sup-  BALT
SUP + ZB

DIGITAL R/29.6 R/27.2
GROUND

tTypically, R = 1 mQ
Figure 14. TCM4207A SLCC Standard Subscriber Line
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Conclusion

The Subscriber Line Control Circuits from Texas Instruments offer all low-voltage
line-card functions on a single CMOS IC. This solution provides high performance while
using less board space than conventional solutions. The low power consumption (typically
75 mW) of the SLCC also gives it improved reliability over other solutions. For further
specifications of the TCM4204A series, refer to the data sheet elsewhere in this book.
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IMPORTANT NOTICE

Texas Instruments (Tl) reserves the right to make changes in the
devices or the device specifications identified in this publication
without notice. Tl advises its customers to obtain the latest version
of device specifications to verify, before placing orders, that the
information being relied upon by the customer is current.

T1 warrants performance to current specifications in accordance with
TV's standard warranty. Testing and other quality control techniques
are utilized to the extent Tl deems such testing necessary to support
this warranty and specific testing of all parameters of each device is
not necessarily performed.

In the absence of written agreement to the contrary, Tl assumes no
liability for Tl applications assistance, customer’s product design, or
infringement of patents or copyrights of third parties by or arising from
use of semiconductor devices described herein. Nor does Tl warrant
or represent that any license, either express or implied, is granted
under any patent right, copyright, or other intellectual property right
of Tl covering or relating to any combination, machine, or process in
which such semiconductor devices might be or are used.

Copyright © 1986, Texas Instruments Incorporated .
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Introduction

The rapid growth of the semiconductor content in telephone systems has
dramatically altered the kind of protection required against such hazards as lightning
and accidental connection to ac lines. Protection methods developed for the previous
generation of exchange interfaces and subscriber sets are no longer adequate. New
protection devices must offer faster response, well defined voltage levels, reliable
operation, and no interference with normal system operation.

Texas Instruments has developed three families of transient suppressors that
cover the most common subscriber line interface circuit (SLIC) configurations. These
bidirectional devices provide shunt protection against transient static voltages between
the wires of an exchange pair or from either wire to ground. In addition, they are
capable of providing protection against damage from induction from or even accidental
connection to some kinds of ac sources.

This report describes the important characteristics of the TISP1XX, TISP2XX,
and TISP3XX families of transient suppressors, defines the dc parameters, and
discusses the various system stresses under ac line contact testing.

Basic Characteristics

Construction

The successful and reliable operation of any protection system depends to a large
extent on the design and fabrication of the components used. The active part of the
TISP transient suppressor is a silicon chip structured with alternate layers of P and N
type material. The chip is fabricated using Texas Instruments Ion-Implanted Planar
(I2P) process which permits precise control of the clectrical characteristics, extremely
stable parameters, and the monolithic integration of two bidirectional suppressors on a
single chip.

The chip’s back surface has a multimetal system deposited on it to ensure good
contacting and solderability. In assembly, the back is soldered to a plated copper tab
which acts as the common connection for the two suppressors and provides a thermal
path for heat losses to the external ambicnt. Two soldered connections are made to the
chip’s top surface metallization pattern to bring out the active suppressor leads. A third
central lead is soldered and keyed to the copper tab to provide the common connection.
All the leads are formed from punched and plated 0.38 mm copper strip. The chip is
protected against mechanical and environmental damage by a nonflammable plastic cap
which is filled with epoxy.
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Operation

The TISP series of shunt protectors are breakover-voltage-triggered, high-
holding-current, bidirectional devices (Figure 1). Voltage transients are initially
clipped by avalanche action until the protector current rises to the breakover level,
which causes the device to trigger to the “on” state. Spurious triggering is avoided by
ensuring the breakover current is greater than 150 mA and the dV/dt rating is better
than 5 kV/us. After breakover, the protector’s low voltage condition allows it to sink
very large currents without incurring the temperature and voltage rise of conventional
“zener” protectors. A high holding current, which is greater than 150 mA at 25°C and
100 mA at 70°C, avoids system dc latch-up as the transient subsides.

P |

TWO SUBSCRIBER
WIRE Xxx| LINE
LINE B INTERFACE

L--

Figure 1. Typical Applications Circuit

The high thermal mass of the TO-220 package copper tab strongly contributes to
the device protection performance with short- and medium-duration transients. Long-
term transients, such as shorts to outside voltage supplies, can be protected against by
the use of fuses or positive temperature coefficient (PTC) thermistors to terminate or
reduce the fault current.

Under normal operating conditions the TISP series presents negligible loading on
the telephone line due to its very low leakage planar construction and precise avalanche
voltage.

Equivalent Model

Each protector section consists of two opposing thyristors connected in parallel to
give bidirectional operation. It is sufficient to analyze only one thyristor in the
appropriate polarity as the two thyristors are almost symmetrical in structure. Figure 2
shows how the PNPN thyristor structure can be segmented into a PNP transistor, T2,
and an NPN transistor, T1, with a common collector-base junction. Triggering occurs
by collector-base junction avalanche breakdown depicted in the equivalent circuit by
zener diode Z1 and the normal slope resistance R2. The thyristor’s P gate region is
shorted by the cathode metallization to produce a low-value resistance, the equivalent
shown as resistors R1 and R3 across the NPN transistor’s base-emitter JLlIlCthll to give
the thyristor its high holding current. ’
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CATHODE

(c) CIRCUIT EQUIVALENT

Figure 2. Two Transistor Analog of the Thyristor

Model Analysis

This analysis is extremely simplistic and is only intended to provide an overview
of the device’s operation to enable designers to estimate how it will interact with system
voltage and current conditions.

Definition of Symbols

VBE1 — Transistor, T1, base-emitter voltage
VBE2 — Transistor, T2, base-emitter voltage

V7 — Zener diode avalanche voltage
a1 — Transistor, T1, alpha current gain
) — Transistor, T2, alpha current gain
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Voltages Below V7

As the voltage is increased from zero, the only current flowing will be due to
junction and surface leakage, which will be very small. Data sheet measurements of
leakage are performed at the typical dc voltage level of ~50 V.

Avalanche Region

When the applied voltége exceeds V7 + VBE2 the thyristor will start to conduct.
The onset of the avalanche region is defined as the voltage developed across the
suppressor at a current level of 1 mA. Atacurrent level of I the terminal voltage, VX,
in Figure 3 will be:
VX = VBE2 + V7 + IX(R2 + R3)(1 - a2) + R3Ixa?
giving
VX = VBE2 + VZ + IX[R3 + R2(1 - )]
Differentiating this with respect to IX gives the avalanche slope resistance, RA,
which is: ;
RA =R3 + R2(1 - o))

T2

R2

Z1
R1

R3

Figure 3. Circuit Analogy for Avalanche Condition

Experienced transistor users might have expected the PNP transistor, T2, to
avalanche initially at BVBE2 + BVCBQ2, breaking back to BVCEQ as the current
increased. In practice this effect is negligible, because to block in the negative direction
transistor T2 must be implemented with a low gain, o) which results in the two
breakdown voltages being almost equal.

Breakover

The avalanche characteristic terminates with the regenerative turn-on of
transistors T1 and T2. This initiates when the voltage drop across resistors R1 and R3
in Figure 4 reaches VBE] at a current level of IBQ.
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Thus:
VBE1 = IBOR3 + Ip0a2R1
_ giving

VBE1

RO = — 281
BO = R3¥ aoR1

Figure 4. Circuit Analogy for Breakover Condition

The breakover voltage level, VBQ, will be the value of VX when Ix = IBO.
Substituting and simplifying gives:

VBE1[R3 + R2(1 - a2)]
R3 + a2R1

The above equation predicts the voltage excursion from initial avalanche to
breakover will be:

VBE1[R3 + R2(1 - a7)]
R3 + a2R1
When the suppressor triggers “on” its current will greatly increase, ensuring
that regeneration is maintained. Consider a voltage source, VS, and internal resistance,
Rg, at breakover.
VS =VBO + IBORS
Neglecting the thyristor “on” voltage drop, the crowbar current, ITM, will be:

AY VB
ITM =§§ =IBO + R_é)

VBO = VBE2 + VZ +
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This is the initial crowbar current. In cases where V§ is time variant, much
higher current values can be achieved later in the suppression cycle. The 5-A *“on”
voltage level is specified as 3 V maximum for TISP series devices.

Regenerative Condition

After breakover has occurred, the transistors will remain in conduction until the
current drops to a critical value called the holding current, If], whereupon regeneration
stops and the transistor pair delatches. If the system continues to supply current with
sufficient voltage compliance, the voltage will rise until it is limited by the avalanche
characteristic. The base current available to drive transistor T1 in Figure 5 is:

VBE1
@2H - 77 R3

T2

Rt
T

R3

Figure 5. Circuit Analogy for Holding Current Condition

Its base current requirement to maintain regeneration is:
TH(1 - 2)(1 - o1)

al

When these two values are equal, regeneration is just maintained. Setting these
two equations equal and simplifying gives:

VBE1 al
I =
H R1+R3)(a1+a2—1)

Because the alpha current gain of the NPN transistor, T1, will be close to uhity,

' the holding current equation may be approximated to:

VBE1
(R1 + R3)ap

Negative Voltages

Ig=

Reverse voltages are blocked by the reverse biased base-emitter junction of PNP
transistor, T2, and the only current flowing will be due to junction and surface leakage.
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The reverse breakdown voltage of the base-emitter junction is designed to be higher
than the breakover voltage so that the opposing thyristor limits the voltage in the
negative polarity.

Definition of DC Parameters

Device Characteristics

The two outer TO-220 package leads, each connected to a line wire, are termed A
and B. The center lead, termed C, is the ground connection. Thus, wire-to-ground
voltages are VAC and VB(C, and the wire-to-wire voltage is VAB.

TISP1XX

Figure 6(a) shows the wire-to-ground characteristics of the TISP1XX family of
suppressors. For positive voltages the devices have a forward biased diode
characteristic. The negative characteristic is that of a voltage-triggered thyristor. For
this report the relevant measurement points on this characteristic are:

Ip — The leakage current at the test voltage VD

V7, — The initial clipping or avalanche voltage measured at 1 mA.

IBO — The current level (pulsed) at which the device triggers to the “on”
state.

I — The current at which the device triggers back to the “off” state.

1 mA

- IH
&:0)

(a) AC AND BC CHARACTERISTIC

Figure 6. TISP1XX Characteristics
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\%

Ib 50 V Vz VBo

——————— 1TmA
_____ "T'IH
——————— ’““‘{'*'BO

(b) AB CHARACTERISTIC
Figure 6. TISP1XX Characteristics

Figure 6(b) shows the wire-to-wire, symmetrical, voltage-triggered thyristor

characteristic of the TISP1XX family. These devices start to chp wire-to-wire and
negative wire-to-ground voltages at V7.

TISP2XX
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Figure 7 shows the symmetrical, voltage-triggered thyristor characteristic of the
- TISP2XX family of suppressors. At the current levels being considered there is little

Figure 7. TISP2XX AC, BC, and AB Characteristic



difference between the wire-to-ground and the wire-to-wire characteristics. Thus,
these devices start to clip both wire-to-ground and wire-to-wire voltages at V7.

TISP3XX

Figure 8(a) shows the wire-to-ground, symmetrical, voltage-triggered thyristor
characteristic of the TISP3XX family of transient suppressors. In this respect it is the

1BO 4
IH 4

1 mA

in+
VBO Vz 50 V D

l
|
| — — —— —1mA
I

BO4-f-~---- <----—--
IHy-Loo - R
|
TmAt+ —— —— — — — I
| |
Ip+ — =
2VBo 2Vz 50 V P | | !
+—t } +
I - i 50 V 2Vz 2Vgo
—_——_————— 41 mA
4---—---rtHH
»---- Iso

(b) AB CHARACTERISTIC

Figure 8. TISP3XX Characteristics
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same as the TISP2XX family. The difference between the two families occurs in the
wire-to-wire characteristic. Figure 8(b) shows the TISP3XX devices start to clip wire-
to-wire voltages at 2Vz. Although the suppressors are monolithically integrated into a
single chip, the TISP3XX devices provide the same functionality as two bidrectional
single-wire suppressor chips with a common ground connection.

On-Hook Conditions

When the telephone is on hook, its dc line loading is negligible. Typically, one
wire of the line would be close to ground potential and the other wire would be at the
line driving source potential, normally about =50 V (the exchange battery).

Under these conditions the dc line loading is limited to a current value which will
not activate the dc off-hook detection circuit. Loading values of several mA are often
permissible, and it would be reasonable to allow 20% of this for suppressor leakage
under worst case conditions, e.g., 0.5 mA.

The suppressor leakage current increases with temperature, and its value is the
sum of surface and bulk leakages. The significance of any particular component will
depend on the temperature and the family being considered. Under normal conditions
the device junction temperature will be almost the same as the local ambient. The
example given of 0.5 mA and 50 V would cause a junction-to-ambient differential of
about 1.5°C (0.5 mA x 50 V x 62.5°C/W). If the maximum exchange temperature
were 70°C, the required specification would be:

ID < 500 uA TCASE = 71.5°C, Vp = =50 V

In practice, consideration also needs to be given to the off-hook detection
circuit to determine the effective system leakage current of the suppressor. Ideally it
should only monitor the dc flowing wire-to-wire (IAB is a guarded three terminal
measurement). Typically, wire-to-ground leakage will also contribute to the monitored
current. For example the Texas Instruments European SLIC IC system would sense an
effective current IAB + (IAC — IBC)/(2) (all these currents are quoted as three
terminal guarded measurements). In this situation the most prudent way to specify the
leakage current measurement is with the third (floating) terminal connected to the most
positive potential to maximize the leakage. Thus, if the the current through A and B
were to be measured with A negative, it would be ~-IAB/C and if B were negative
(A positive) then it would be -IBA /C.

Ringing Conditions

It is normal to apply (battery) dc voltage as well as the ring voltage to to the line
during the ringing condition. There are several ways in which this can be implemented,
and the most common configurations are examined in the following subsections. The
maximum battery voltage is designated VBATM and the peak of the maximum ringing -
voltage VRINGPKM:. It is assumed that ringing conditions cause the greatest voltage
excursions in normal operation and so set the voltage limits.
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Battery-Backed Ringing

In the configuration of Figure 9, one wire has the series combination of battery
and ring generator applied to it while the other wire is returned to ground. If the line is
unloaded (worst case condition) only one terminal of the suppressor will be exercised,
the other being at 0 V. Clearly in this arrangement the maximum voltage wire-to-wire
will be the same as the wire-to-ground and the TISP2XX family, with its completely
symmetrical characteristics, will give the most effective suppression.

The maximum negative voltage will be VBATM + VRINGPKM and the
maximum positive voltage will be VRINGPKM — VBATM . In this case the negative
excursion dominates and defines the value of avalanche voltage V7, to avoid peak
clipping.

Clipping would not normally reduce the ringing power significantly and,
typically, insufficient current (< IB(Q) is available to trigger the suppressor and grossly
distort the negative peaks. Clipping needs to be avoided to remove the possibility of
false off-hook detection. This could occur because clipping causes partial rectification
of the ringing voltage, resulting in a net circuit dc which is then interpreted by the off-
hook detector as the telephone handset being picked up. Temperature effects on
voltages have been taken into account for the suppressor avalanche, Vz, the battery,
and the ring generator. Normally the quoted battery and ring generator levels
comprehend the exchange temperature variation. The temperature coefficient of
avalanche breakdown, Sz, is about 0.1%/°C. Thus to cover operation down to a
‘minimum exchange temperature of TMIN, the required 25°C avalanche voltage, V7,
would be:

_ VBATM *+ VRINGPKM
TMIN - 25
1000

vz

1+

SWITCHING

RING
GENERATOR

BATTERY

INCOMING
LINE

SLIC
IC

Figure 9. Battery-Backed Ringing Circuit
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If, for example, VBATM = —58 V and the ringing voltage were 95 VRMS then
the minimum avalanche voltage, V7, should be:.

V7 =58+ (V2 x95) =192V

For a minimum exchange temperature of —15°C, the 25°C measurement
becomes:
192
VZ = ———_—_—1?_75‘ =200V
1+
1000

‘When the effects due to line and bell loading are taken into account this typically
results in 5% to 10% extra safety margin in clipping level.

Ground-Backed Ringing

In the configuration of iigure 10, one wire has the battery connected to it and the
other has the ground referenced ring generator. In the unloaded case the peak voltages
on the wires will be “VBATM on the battery wire and *VRINGPKM on the ring
generator wire. Usually the ringing voltage will be the largest and will set the wire-to-
ground avalanche requirement. However, the wire-to-wire voltage will be greater than
this, being VBATM +VRINGPKM, necessitating the use of a TISP3XX series device
which has a wire-to-wire rating of 2VZ.

Taking the values used in the battery-backed ringing case gives a 25 °C value of
V7, wire-to-ground of:

vy = VRINGPRM _ _v2x95 _ .y
1+TMIN*25 1+-—15-25
1000 1000

SWITCHING
RELAY

RING
GENERATOR

= BATTERY

INCOMING
LINE

IC

Figure 10. Ground-Backed Ringing Circuit
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The peak voltage between the wires will be the sum of the battery and generator
voltages, which was found to be 192 V in the previous subsection. Also, the 25°C
reqmrement was found to be 200 V. This is comfortably inside the 2 x 140 = 280 V
wire-to-wire avalanche rating that results from the TISP3XX structure.

Again, the practical effects of line and bell loading increase the clipping safety

margin.

Balanced Ringing

In the configuration of Figure 11, the battery is connected to one wire and the
ringing voltage is shared equally between the two wires to balance its voltage with
respect to ground. The battery wire will have peak voltages of (VRINGPKM/2)
- VBATM and —(VRINGPKM/2) + VBATM. The other wire will have
+VRINGPKM/2. Between the wires, there will be a peak voltage of: VRINGPKM
+ VBATM. Allowing for temperature effects gives 25 °C avalanche voltages of:

Y
1+ TMIN - 25
1000
VZ(AB) = VRINGPKM *+ VBATM

TMIN - 25 <

+
1 1000

If the earlier example values are substituted, then VZ > 130 V and VZ(AB) >
200 V. Again this is an application for the TISP3XX series of devices.

INCOMING
LINE

SWITCHING
RELAY V
r 1 T RING
: STISP, GENERATOR
1 13xx '
'
! 1]
! = BATTERY
L ]
O AAA-
sLiC
Ic

Figure 11. Balanced Ringing Circuit
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-Test Access

In fault finding and preventative maintenance operations, test signals are applied
to the line and SLIC. If the applied voltage levels exceed normal telephone operation,
these levels would determine V7z. Extremely high levels of test signal to the line and
correspondingly high Vz requirements could lead to the loss of adequate SLIC
protection. In this situation, the transient suppressor should be connected to the SLIC
side of the test access relay so that Vz can be set by normal system operating levels and
SLIC protection maintained.

Minor Transients ; :
The pervasive nature of the telephone network means the possibility of induced

‘ : transients is very high. While the energy levels of these may not be substantial, they

uonewuoyu| s,1oubisaQ H

can cause the voltage to rise to a level which makes the suppressor clip. Pulse dialing
telephones, which periodically short the line, can, under certain conditions, also cause
suppressor clipping. This situation is aggravated by the increasing use of electronic
ringers, such as the TCM1506, whose antitapping function is achieved electronically
rather than by bell loading. Obviously the interference level would be compounded if
breakover occurred. Under these conditions a reasonable compromise is to make
IBO = I for the minimum values.

SLIC Only Protection

Certain integrated SLIC implementations utilize medium-voltage IC technology
and cannot be subjected to ringing voltage levels. This is not a major problem as it is
possible to configure the system to switch out the SLIC during the ringing operation. In
this case a transient suppressor on the line would not provide complete SLIC
protection. Adequate protection can be achieved by the use of a TISP1XX transient
suppressor connected directly across the SLIC output. This configuration is shown in
Figure 12.

SWITCHING
RELAY

RING
GENERATOR

= BATTERY

INCOMING
LINE

{/1suic
ic -

Figure 12. SLIC Only Protection Circuit

3-68



Typically the supply lines to the IC are 0 V and battery. Sometimes the battery
voltage may be boosted to comprehend long lines and an additional +5 V supply used
for logic interfacing. The TISP1XX family of transient suppressors ensures the SLIC is
protected against positive voltages by having a forward biased diode characteristic in
this direction. In the negative direction the value of V7 will be set by the SLIC output
swing which will be VBATM — VSAT, where VSAT is the saturation voltage of the
IC’s driver stage. Using the previous values of voltage and temperature and assuming
VSAT = 2 V gives a 25°C value of V7 wire-to-ground of:

_ VBATM ~ VSAT
TMIN - 25
1000

vz

1+

58-2
1+ -15 - 25
1000

~ 58V

In operation, both wires of the line will be negative and the wire-to-wire voltage
magnitude will be less than the value of V7 calculated above.

Holding Current I

Large single pulse transients will exercise the suppressor in the following
manner. When the transient’s leading edge reaches the line card it will override the
existing voltages until the suppressor starts to clip. In nondiode cases, once the current
in the suppressor exceeds IBQ, the suppressor saturates, absorbing the transient
current at low voltage.

As the transient current decays, the saturated suppressor will be left carrying
whatever current the system can provide. The worst case condition is for negative
transients when the suppressor could be left with the line dc feed current, Iqc (in the
case of a positive transient current, negative dc feed current would actually help to
terminate the crowbar action of the suppressor). It is nccessary that the suppressor
recover from this condition so that normal system operation is resumed. This can be
ensured by making Iqc < If{ over the system operating temperature range. Although
the junction temperature of the suppressor will rise as a result of the transient, it
quickly cools back to the system ambient due to the high thermal capacity of the
TO-220 copper tab.

The variation of I with temperature is not linear, as shown in Figure 13, but up
to about 80°C it is approximately —0.8%/°C. In this range the resultant 25°C value of
IH can be approximated by:

3-69

Designer’s Information m



uonewuoju] s, 1oubiseq

© © 00POoOo=
w » ooN®nvo
FTTHHH

Ig 0.2

0.1 ] 11 ] ] | ] |
0 10 20 30 40 50 60 70 80

JUNCTION TEMPERATURE— °C

Figure 13. TISP229 Normalized Holding Current Versus Junction Temperature

T - 25
IH=Idc/ [ 1- 0.8(—1\4%%—)]

Using the previous example values and setting the maximum-high-temperature
Idc at 100 mA (for a maximum temperature of 70°C ambient) gives:

70 - 25 100
IH-100/[1—0.8(—-—1-0—0—— ] - 5g ~156mA

This quantifies the value of Iff expected at 25°C. However, the system designer
should specify the exact requirement; i.€., ITf > 100 mA 4t 70°C ambient, rather than
an iterated value. If the maximum value of I4c varies substantially with temperature,
the minimum holding current requirements should be quoted at several temperatures.
This should only be necessary in extreme cases as even the crudest semiconductor
current limit is —0.5%/°C and copper coils are -0.4%/°C.

When the suppressor unlatches there is often sufficient transient energy left to
force the suppressor into its avalanche region until all the transient’s energy is
dissipated. Under these conditions it is desirable that IBQO is comparable with Ify,
otherwise there is not a stable dc operating locus and high level oscillations can occur
until the current falls below IO value.

AC Line Contact Conditions

Design Considerations

There can be a great diversity in ac line contact specifications between the
various central office and PABX applications. In this introductory note only the general
principles will be addressed rather than specific cases. The Texas Instruments
TISP1XX, TISP2XX, and TISP3XX transient suppressor families provide excellent
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peak voltage limitation due to their voltage-triggered crowbar action on the low
frequency test waveform. This action completely protects the following SLIC against
overvoltage. The major parameters of this overvoltage shunt protector will have been
set by normal exchange operation, SLIC voltage ratings, and lightning withstand
requirements. The ac line contact issues are mainly thermal, in particular the package
dissipation capability.

In contrast, the series overcurrent protector has most of its major parameters
defined by normal exchange operation and the ac line contact conditions. It is necessary
to to understand the interaction of the series and shunt protectors under ac line contact
conditions in order to determine the series protector specification. As the interaction
depends on the respective specifications, the development tends to be iterative.
Generally the loop will be:

1. Choose some appropriate initial values for the series protector.

2. Establish the ac voltage source and resistance values that the protection
network and the system can withstand without failure.

Compare these with required test levels.

Repeat the design exercise until the desired level of protection is
achieved.

3.
4.

When failure occurs, even though it may be at test levels far beyond the
specification, it should be in a safe manner without creating fumes or flames. Shunt
protectors are expected to fail by shorting, and thereby continue to protect the SLIC. In
the Texas Instuments TO-220 packaged TISPXXX transient suppressors, soldered
connections are made to the chip, thereby avoiding any possibility of bond wires fusing
and creating an open circuit. Consideration has also been given to the current carrying
capability of suppressor to SLIC PCB tracking to ensure this does not act as a fuse and
open circuit the shunt protection. Certain specifications will concede minor damage
during testing provided it is easily repairable. Generally this is to cover the use of series
fuses in the line for protection.

Configuration

Figure 14 shows a typical SLIC system with the protection, test access, and
ringing being separately identified. Depending on the system design requirements the
latter two items could be placed either before or after the protection as described in the
Definition of DC Parameters section. The ac linc contact generator consists of a
defined voltage source, VGEN, and output resistance, RGEN, operating at a frequency
which is normally specified as 50 to 60 Hz. The generator values can be singular or
defined between maximum and minimum limits.

Testing is done with the generator connected between common (ground) and one
or both of the line wires. In some cases the generator will also be connected between the
two line wires. The application period can be continous, periodic, or for a specified
time.
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Figure 14. AC Line Contact Testing

The Protection Network
In the protection network, Figure 15, the TISP transient protector provides shunt

overvoltage protection and twin fuses, fusible resistors, or PTC thermistors are used
for series overcurrent protection.

1 O‘ O 1
1 : i
) SERIES

PROTECTOR
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INCOMING SHUNT

LINE PROTECTOR §
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PROTECTOR

Cm—
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Figure 15. Protection Network

3-72



Fuses

A protection policy based on fusing provides the “ultimate” protection for the
severest overloads by isolating the equipment, but automatically dictates board rework
after an overstress. In this situation it matters little if it is the fuse which needs
replacing due to overcurrent, or the transient suppressor due to overdissipation. Fuse
performance can be made relatively insensitive to temperature and be extremely stable
in spite of overloads close to the fusing level.

It is imperative that “nuisance” fusing does not occur in normal operation or
during the specified lightning test. As a result, the fusing current versus time
characteristic tends to be of a TT or T nature (i.e., slow blow, antisurge, or time lag
fusing, see Reference 1, Chapter 6). For example, a fuse expected to carry 100 mA dc
on a continous basis might only be guaranteed to fuse at currents above 250 mA dc.
Moreover, for a period of 1 s, currents in excess of 1 A rms could be required to cause
fusing. In this situation it may be possible with certain ac contact tests to set up rms
current levels which overdissipate the shunt protector in the long term, causing it to
short without blowing the fuse.

Figure 16 shows a typical fusing characteristic. The problem area tends to occur
at the longer time periods (> 10 s) where the TISP TO-220 package-to-ambient thermal
time constant starts to dominate the maximum suppressor dissipation.

PTC Thermistors

Thermistor based protection systems are intended to recover once the overload is
removed. During the ac line contact condition the rms current, IGEN, flowing through

102 -

101 =

100 }—

IRmMs—A

10— 1}

10-2 —~

10-2 10-1 100 101 102
TIME—s

Figure 16. Typical Fusing Characteristic
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the thermistor causes heating. When the PTC temperature rises to a critical “switch”
temperature, its dynamic resistance starts to increase dramatically as shown in
Figure 17 (often four to seven orders of magnitude) reducing IGEN. Finally an
equilibrium is reached where the IGEN2 RpPTC losses are just sufficient to maintain the
temperature which corresponds to that value of RpTC. Depending on the overload
current level, the reaction time of the PTC can vary from less than a second to several
minutes. When the overload is removed, it may take several tens of seconds before the
PTC resistance has dropped sufficiently to allow normal system operation. '

It is usual for the PTCs to be supplied in pairs with guarantees on matching with
age and overload for line balance considerations. It is important that the “switching”
temperature is considerably above the maximum exchange ambient temperature to
avoid premature “switching” and to lessen the effects of ambient temperature on the
overload conditions. Self-heating due to the line dc and voltage drop considerations,
leads to typical PTC 25°C resistance values from a few ohms to several hundred ohms.

Determination of the protection circuit operating point is complicated by the
PTC’s nonlinear resistance-current characteristic, shown in Figure 18. Initially, as the
voltage applied to the PTC is gradually increased from zero, the PTC has a constant
resistance which is shown by the vertical portion of the characteristic. The linear
increase of current with increasing applied voltage continues until the PTC reaches its
“switching” temperature and the resistance starts to increase. When this starts to
happen, the current level, IMA X, is given by:

106 —
105 |—

104 |—

Rprc—0
)
w
|

102 }—

101_\_)

100 | | | | | |
0 50 100 150 200 250

TEMPERATURE - °C

Figure 17. PTC Resistance Versus Temperature
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TC - Tamb
IMAX =
M ‘/RPTCamb X PTC-amb

where:

TC = the “switching” temperature

Tamb = the ambient temperature

RPTCamb = the initial PTC resistance

OPTC-amb = the PTC’s thermal resistance to ambient.

On reaching this condition further increases in applied voltage result in
decreasing current (although the power dissipated by the PTC increases slightly). This
condition is shown by the sloping part of the characteristic in Figure 18. Very high
continuously applied voltages can cause excessive temperatures to occur. Under these
conditions the PTC’s resistance starts to decrease with further increases in voltage
which leads to a rapid increase in dissipated power. Such situations are potentially
unstable and could lead to PTC failure.

Transient Suppressor

The major parameters of the TISP transient suppressors were discussed in the
first two sections of this report. The major device losses will be caused by operation in
the avalanche (zener) region and the saturated (on) condition. The TISP1XX family has
a diode clipping characteristic for positive wire-to-ground voltages which maximizes
the positive half cycles in the series protector. This enhances the series protector
operation when compared with the symmetrical TISP2XX and TISP3XX families,
which will inhibit current flow until the avalanche level, V7 is exceeded.

102 —

IRMs—A

10-2 |~

. ~
10-3 ] ] 1 | >Jl
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Figure 18. PTC AC Resistance Locus Versus Temperature
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As far as the transient suppressor heating is concerned, the junction temperature
rise will be governed by the chip’s thermal capacity for periods below 10 ms, by the
substantial TO-220 copper-tab thermal capacity (about 1 Joule/°C) for periods in the
10 s range, and finally by the junction-to-ambient thermal resistance over much longer
periods (typically 50°C/W without an external heatsink).

AC Generator

Test specifications generally call up single phase type voltage generators with
0 < VGEN < 250V (rms) and source impedances of 4 < RGEN < 2000 2. Worst case
short circuit current capability is in the range of 6 A to 15 A (rms).

Graphical Analysis

A first pass analysis of the system operating conditions can be made graphically.
This will establish the major system parameters and identify sets of conditions
warranting more intensive examination. The analysis is simplified by combining the
generator source resistance, RGEN, and the series protector resistance together as a
single resistance, RS If fuse protection is used the few extra ohms is only significant at
very low values of generator resistance (unless the fuse blows, of course). PTCs
however can increase the net resistance, RS, considerably, sometimes to hundreds of
kilohms when heated. Figure 19 shows how the test generator can be considered as a
load line, of slope RS, drawn from a sinusoidally moving point on the horizontal axis of
the symmetrical suppressor characteristic, which corresponds to the instantaneous
value of generator voltage. For clarity, only the positive quadrant of the characteristic
is shown. Specific'voltage levels A, B, C, and D, are highlighted where the suppressor
operation changes or values are maximum.
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Figure 19. Voltage Generator Load Line and Waveforms
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The suppressor starts to clip, causing current flow, when the instantaneous value
of generator voltage, denoted by the lower case letters Vgen, reaches V7 at point A.

When point B is reached breakover occurs and the instantaneous value of the
generator voltage, Vgen, is:

vgen = VBO + IBO X RS
where VB and IBQ are the suppressor’s breakover voltage and current.

For a given value of rms generator voltage, VGEN, the maximum value of source
resistance, RGCMA X, which will just initiate breakover is given by:

VGEN v/ 2 - VBO
IBO

In operation, as the suppressor warms up, the breakover current, IO will
decrease, causing the critical value of source resistance, RSCMA X, to increase. This
can lead to situations where the suppressor initially only avalanches rather than
triggering due to R§ > RSCMA X, resulting in a high suppressor power dissipation but
a low rms current. As the suppressor warms up, the decrease in breakover current,
IBO, allows the original value of source resistance to initiate triggering. The mean
dissipation in the suppressor then drops substantially but the rms current greatly
increases, enhancing the potential operation of the series protection. Because of this,
the possible rms current range is not a continous spectrum but has a gap between the
avalanche and the crowbar modes of operation. This aspect is further considered in the
Analysis of Fuse Protected Systems subsection.

In the “on” condition for TISP2XX and TISP3XX devices and for the TISP1XX
diode operation, the peak value of suppressor current, ITMA X, caused by the peak
value of generator voltage at C will be approximately given by:

VGEN v/ 2
Rg

Point D illustrates the condition where the load line intersccts the avalanche
characteristic as the holding current is reached and, once dclatching occurs, the
suppressor clamps for the second time in that half cycle. If the “on” voltage of the
suppressor at the holding current, I, is VH then the critical value of source
resistance, RSz, for this to happen is:

Vz - VTH

IH

Usually, in practice, this condition only occurs over a narrow range of generator
values. More typically the unlatching point is reached when the instantaneous

generator voltage is below the avalanche voltage, V7, and hence a second period of
avalanche conduction does not occur.

RSCMAX =

IMAX =

RS§z =
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RMS Generator Current

Because the protection system is nonlinear and temperature sensitive, the
calculation or measurement of rms current and power is not straightforward. Based on
the above analysis it is possible to to devise a simple computer simulation of the
protection system. This model can be used to establish the full range of operating
conditions with practical measurements as verification checks.

In the practical tests, true rms meters (rather than those types which scale peak or
mean values) should be used. They should have a wide frequency response and large
peak-to-rms capability to avoid overload inaccuracies. The rms current due to thermal
effects in the protection elements often rapidly changes with time, and some form of
data logging system greatly aids the analysis of the series element operating conditions.
Oscilloscopes which permit the multiplication of the instantaneous suppressor voltage
and current can be used to determine the dissipation levels. Accurate zeroing of the
signals is very important to avoid substantial errors because usually one large quantity
is multiplied by a much smaller one. In the avalanche region dissipation can be the
product of a high voltage and a small current, while in the saturated condition it is the
product of a low voltage and a typically high current.

System Effects of Generator Peak Voltage Amplitude

This subsection considers the system effects as the generator voltage amplitude is
varied from below the transient suppressor avalanche voltage, V7, to the maximum
available. Only the wire-to-ground test condition will be discussed but the same general
principles, appropriately modified to comprehend the suppressor A-B characteristics,
can be applied to the wire- to-wire situation. The discussion will concentrate on the
latest generation of “transformerless” SLICs because they are the most susceptible to
failure under ac line contact.

V2 % VGEN < VZz, TISP2XX and TISP3XX Families

Under these conditions the transient suppressor will not be exercised at all, but
the output stage of the SI.IC may be if connected to the line at that time. Although many
of the specifications are not definitive about the SLIC condition during this test, it
would be reasonable to examine the situation when the SLIC is in an active-state
driving the appropriate line current into a simulated line impedance to comprehend any
potential service problems. '

The reaction of the SLIC to this condition strongly depends on the design
implementation. Often there will be several feedback loops employed to stabilize
operating conditions and minimize dissipation. One scenario could be the SLIC control
system would interpret the ac line contact as a common mode signal which it would try
to counter by driving an antiphase current.

Another possibility, particularly for unidirectional systems which do not have a
sink and source capability on each wire, is that the control loops would be totally
overloaded, leading to the output stage switching and driving high peak currents into
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the test generator. Both these conditions could lead to abnormally high dissipation in
the SLIC output section, leading to device failure. Obviously some form of thermal
shutdown incorporated in the SLIC design would guard against this.

The average voltage from the generator is zero and some SLIC loops may treat
this test as a resistive load (= RS) to ground. This condition could then be reasonably
safe because wire shorts to ground obviously have to be considered in any SLIC design.

The performance of the system under these conditions is purely a function of the
SLIC implementation. It is doubtful that the SLIC will produce rms currents high
enough to cause the series protection to operate.

V2 X VGEN < VZ TISP1XX Family

The TISP1XX family has a diode characteristic for positive voltages. Thus most
of the current from the generator during the positive half cycle will be shunted to
ground. If the SLIC is capable of sinking current from the generator, the ac voltage
from the generator system will be displaced by a dc voltage of IT INE X RGEN in the
negative direction. Hence the positive voltage period will be made shorter than the
negative voltage period and the TISP1XX diode will conduct for less than 180° over a
complete cycle.

Similar comments on the SLIC operation as in the previous subsection apply, but
in this case there is a real chance the series protection elements will operate for source
resistances under several hundred ohms, due to the higher rms current caused by the
diode clipping.

Figure 20. TISP2XX and TISP3XX AC Line Contact Conditions
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V2 % VGEN > Vz, TISP2XX and TISP3XX Families

~ This situation will result in suppressor conduction if the SLIC is not active. As
discussed earlier the reaction of an active SLIC depends on the implementation, but
typically it can be expected to introduce asymmetry into the positive and negative
clipping of the ac waveform. For simplicity the following assumes the SLIC is inactive.

In this condition, Figure 20, the suppressor will definitely avalanche and
depending on the generator values, it may trigger “on” (See Graphical Analysis -
subsection). ‘

V2 % VGEN > Vz, TISP1XX Family

In this condition, Figure 21, the positive voltage excursion will be clipped as
before when the voltage was less than V7. Also the suppressor will avalanche in the .
negative direction and depending on the generator values, it may trigger “on” (See
Graphical Analysis subsection).

Analysis of Fuse Protected Systems

Figure 22 reproduces the fusing characteristic from Figure 16. In this example a
fuse resistance of 6 (2 is assumed, a voltage generator range of 0 to 250 V rms, and
generator resistance of 4 (3 and 2000 Q2. The TISP transient suppressor rms current
capability will vary with the device type, dissipation mode, test generator, circuit
configuration used, temperature, and test time. Semiconductor ratings are usually well
controlled but obviously the quoted values will be worst case. The suppressor
dissipation curves shown dotted are based on a 150 V symmetrical type device. When
the source resistance, RS, is very low the main dissipation is from “on’ condition

Figure 21; TISP1XX AC Line Contact Conditions
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Figure 22. RMS Current Versus Time for Fuse Protection

losses with very little loss from the avalanche mode. Hence this curve can be regarded
as generalized for the specified suppressor.

Due to the reasons explained in the Graphical Analysis subsection, high source
resistances will greatly restrict the current levels and possibly give excessive
dissipation in the avalanche mode. The avalanche dissipation area for this case will be
highly specific to generator values and will occur only quite some time after the start of
the test. It is also unlikely in this case that a second curve due to “on” condition
dissipation limits would be possible due to the very restricted current flow leading to
minimal saturated dissipation.

The 4 generator case causes very large currents to flow because the suppressor
can easily trigger. Asindicated in Figure 23, the current varies between 8 A rms and 24
A rms with the specified generator voltage range. For this range of currents the fusing
current is always below the suppressor saturatcd dissipation lumt curve, and the fuse
will operate in under 150 ms.

The 20002 generator case severely limits the current. As indicated in Figure 23,
a current of 75 mA to 120 mA flows when only avalanching occurs. At higher voltages
the suppressor dissipates power in the avalanche and saturated modes. Medium
voltages will only dissipate power in the avalanche mode. The worst case power
dissipation occurs when the peak current is just below the breakover level. In the short
term even this level of power dissipation is acceptable, but often this rms current is
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Figure 23. RMS Current Versus Generator Resistance

insufficient to guarantee fusing. Hence in the longer term (if the generator application
is of a continuous nature) then the suppressor could overheat and possibly fail. The
time scale for this to happen will be governed by the thermal package-to-ambient
parameters and the dissipation level. This creates the “ < ” shaped potential failure
. area in Figure 22 for periods greater than 10 s and the specified generator levels.

g This has been a very simplistic analysis of the conditions. Fusing curves are often
based on dc tests, however, because the transient suppressor parameters are
temperature dependent (principally IO and If) the rms system current will be
changing with time which will modify the fusing characteristic. In addition fuses, being
thermal in nature, will tend to fail at specific points in the ac cycle (Reference 1).
Another factor neglected is whether the SLIC is shunting the suppressor and passing
additional current through the fuse.

Analysis of PTC Protected Systems

uonewojuj s,1aubis

Figure 24 reproduces the PTC characteristic given in Figure 18. Also shown are
the rms currents which would flow when a 150 V symmetrical suppressor is used.
Curves are shown for minimum, 4 2, and maximum, 2000 2, generator resistance,
RGEN and for two suppressor junctiou temperatures. The reason for showing device

curves for high and low temperatures is that some idea of the working point tra]ectory
can be gained.
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Figure 24. RMS Current Versus PTC Resistance

Initially the 4 Q generator resistance combines with the unheated 10 Q PTC
resistance to give the working point A. As the PTC heats up due to the high current a
stable working point is achieved at B. Initially the suppressor heavily saturates but as
the resistance increases a temperature sensitive point is reached when saturation stops.
This condition is shown by the step in the suppressor’s current characteristic. Although
the rms current drops considerably at this point there is still thermal inequality in the
PTC for its dissipated power which is only removed when point B is reached.

When the generator resistance is 2000 2 the initial working point is D. This
condition is stable for the PTC but the suppressor power loss curves, shown in
Figure 25, indicate excessive long term dissipation. As the suppressor warms up,
breakover occurs, and dissipation is reduced. A working point which is just stable
occurs at C. In practice, due to thermal capacity differences and thermal coupling, the
final working point is more likely to be at B.

Although operating end points can be predicted using this mcthod, computer

simulation or practical testing is necessary to ensurc the devices do not fail during the -

intermediate period.
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Figure 25. RMS Current Versus Averagé Suppressor Power

Summary

The TISP transient suppressors provide telephone designers with a new cost-
effective way to protect the increasing number of semiconductors, particularly
integrated circuits, in their equipment. Specifications for the main dc parameters Ip,
IH, IBO and V7 can be determined from system parameters:

on-state and off-state line currents

on-state line current variation with temperature
maximum values of battery and ringing voltages
maximum value of test voltages

maximum negative voltage voltage of the SLIC.

nELhE

The cxample values used in this report represent only typical system
requirements.

The basic cvaluation techniques for ac line contact shown in this report will

- identify critical areas for further study. The effects on the system of other shunt

elements have been ignored to simplify the presentation at the risk of inaccuracy at high
values of source resistance, Rg§. Some of the ac data used is not normally specified in
this form by the industry, although it is available in other forms. With the increasing
popularity of crowbar suppressors, it is hoped that manufacturers will start to provide
data in a form compatible with computer analysis and design.
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Introduction

TI’s patented BIDFET { process has allowed the combination of high-voltage circuitry
to handle signals of up to 150 V and low voltage CMOS technology for dense logic, thus
enabling Texas Instruments to offer a series of monolithic ICs that will detect the ring signal
on a telephone line. The purpose of this report is to explore the use of these circuits in
different applications and understand various technical issues.

Features

Some of the common features of the TCMI1501A, TCMI506A, TCMIS12A and
TCM1520A include:

1. Lightning Protection: When used in series with the proper resistor and capacitor,
these devices will withstand 1500 V/200 us transients.

2. Antitapping: These devices are designed to ingnore high voltage transients
generated by dial pulses from a parallel phone, as shown in Figure 1.

L 2 A ] e | c
A
800 vV 2ms | 50 ms
"LB L-— J ‘ 200V | 10ms | 60 ms

c

Figure 1. Dial Pulse Transients

3. High Standby Impedance: In the abscnce of a ring signal, these devices are
powered down and present a shunt impedance of greater than 100 kQ (typically
1 MQ).

4. High Voltage Output: The output drive capability is up to 40 V peak to peak
for the TCM1501A, TCM1506A and TCMISI2A. The TCM1520A has TTL/MOS
compatible output.

5. The ICs require a minimum number of external components.

+BIDFET—Bipolar, double-diffused, N-channel and P-channel MOS transistors on the same chip—patented process.
3-91
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Ringer Functional Description

A block diagram schematic of the ringer series and 1520A ring detector is shown
in Figure 2(a) and (b). The network formed by C, (the dc blocking capacitor), 2.2-kQ
current limiting resistor and the full wave bridge rectifier supply the IC power from the
phone lines. The rectified ac ring signal is filtered by an external 10 uF/100-V capacitor
connected between pin 6 and 7. The value of C, will determine the minimum input voltage.
Value of C, along with the filter capacitor also affects the turn-on time of the IC. The filter
capacitor value with the internal IC circuitry is used to suppress dial tapping. Tapping is
a false ringing of the bell to pulses on the phone line from rotary dials or pulse dialing ICs.

The IC is kept off (in standby) until the incoming signal across pin 1 and 8 reaches
a peak voltage of approximately 8.9 V. This threshold can be lowered by externally connecting
pin 5 with a lower value zener and resistor to pin 6. Since the IC is kept off below 8.9
V, the IC offers a standby impedance of approximately 1 MQ to 3 V rms signals, thus offering
minimum distortion to DTMF or voice signals. However, when the voltage across the IC
pin 1 and 8 reaches a threshold of approximately 17 V, an internal switch is closed which
bypasses the 6.8-V zener, thus allowing maximum energy transfer to the load.

The TCMI501A, TCMI1506A, and TCMI1512A have built-in 10-V and 40-V regulators.
The 10-V regulator drives the CMOS oscillator and the audio generator section, while the
40-V regulator drives the push-pull output.

The TCM1520A ring detector has a 5-V regulator only whose output is brought out
to pin 4.

The TCM1501A through TCMI512A series and TCM1520A have a built-in transient
protection circuitry which consists of a high current SCR triggered by a sense circuit through
a 65V or 45V zener. The external 2.2-k{ resistor is necessary to dissipate the energy
when SCR is turned on.
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Figure 2. Functional Block Diagram
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Pin Configuration

Pin configurations for this series of monolithic ICs are depicted in Figures 3 and
4. Pin functions are listed in Table 1. '

R ouT- AC
osc NC PUT IN
4 3 2 1
PUSH-PULL
osc ouTPUT
TONE GENERATOR
LoGIC
|1o v |
SERIES ANTITAPPING
L recuLaToRs &
A PROTECTION
5 6 7 8
INTERNAL c COMMON AC
ZENER  FILTER IN

BYPASS

Figure 3. TCM1501A/TCM1506A/TCMI1512A
Pin Configuration
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4 3 2 1
sv | .
ANTITAPPING
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5 6 7 8
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Figure 4. TCM1520A Ring Detector Pin Configuration

o—l1 Ri

TCM1501A
TP TCM1506A RvoL
TCM1512A
RING
7
Rosc
R2
.
CRING

Y

- piezO
== TRANSDUCER

Figure 5. Driving a Piezo Transducer
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Table 1. Pin Functions

Pin Number Function
1, 8 AC INPUT Internally limited to 65 V maximum
2 OUTPUT 40 V P-P (TCM1501A, TCM1506A, TCM1512A)
Low Active Open Collector (TCM1520)
3 NC (TCM1501A, TCM1506A, TCM1512A)
COMMON (TCM1520A)
4 Rosc Resistor between this pin and ground will adjust oscillator
: frequency (TCM1501A, TCM1506A, TCM1512A)
+5V Five volt dc output (TCM1520A)
5 Internal Zener Normally NC externally — a resistor between this pin and
Bypass pin 6 will lower threshold voltage of ac input that will
generate an output.
6 C FILTER Capacitor to GND stores charge until voltage threshold is
) surpassed to generate output.
7 COMMON

Ringer Output Frequency Options

TCMI1501A through TCMI512A devices output a square wave that warbles between
two audible frequencies. The warble rate and the center frequency are determined by a
mask option at the time of manufacturing. An external resistor selects this center frequency.

Table 2 lists the various standard ring detector drivers, the center frequency and warble
ratio options.

Table 2. Ringer Output Frequency Options

Nominal Output | Warble Warble
Part No. Rectifier Type Output Type Center Frequency | Ratio | Frequency
(Hz) (Hz)
TCM1501A | Full Wave Bridge | Single Ended 2000 5:4 7.8
TCM1506A | Full Wave Bridge | Single Ended 500 5:4 7.8
TCM1512A | Full Wave Bridge | Single Ended 1250 8:7 9.8
TCM1520A | Full Wave Bridge | TTL/MOS Logic N/A N/A N/A

Types of Transducers

uonew.oyu; s,s8ubisaqg n

All of these devices will drive either a piezoelectric transducer or a speaker except
the TCMI1520A whose output is a MOS/TTL compatible level.

Maximum energy is delivered to the transducer if the driver output impedance of
4k is matched to the transducer. For a speaker, an audio transformer is generally required.
The choice of piezo device is complicated by the fact that the impedance changes with
frequency. Further information on transducer selection may be found in the section on
“Ringer Equivalency Number” and Appendixes A and B.
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Telephone Applications
Driving a Piezo Transducer

The most obvious application for this device is to detect the ring signal and drive
the ringer in an electronic telephone. Figure 5 is the schematic diagram for such an
application.

The function and value of each component in Figure 5 is as follows:

Ci  This is a dc blocking capacitor in series with the telephone line. It must
pass the ring signal which can be up to 150 V rms (212 Vpg). The value
of this capacitor should be as small as possible and still pass enough energy
to properly drive the ringer. A common choice for this capacitor would
be 047 uF, 250 V. ‘

R This resistor is required to dissipate power resulting from a high voltage
transient. During a voltage transient (up to 1500 V for 200 us) the ring
detector driver becomes a virtual short, thus shunting the surge of current
to ground. This surge of current can be as high as 0.9 A provided the
voltage is dropped across R;. The value should be 2.2 kQ, %4 W.

Cring This capacitor is used to store energy from the ring signal and when
pin 1 and 8 input of about 17 V is reached, the circuit will issue the ring
signal. The lower limit of the capacitor value is determined by the time
constant required to ignore bell-tapping, while an upper limit is set by
the ring turn-on time. After the capacitor reaches its threshold, it continues
to charge to approximately 65 V (45 V on TCM1520A). A suitable value
for this capacitor is 10 pF, 100 V. This capacitor will also determine the
turn-on and turn-off time of the ringer. Should a sharper cut-off of the
ring signal be desired, a suggested circuit is shown in Figure 6.

047 uF .0 , )
TCM1501A
e Temisoea |
TCM1512A c PIEZO
RING T

1N4002

1M

Figure 6. Optional Circuit
(for Sharp Cut-Off Ring Signal)
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Rosc

RvyoL

PIEZO

This potentiometer allows adjustment of the frequency of the ring signal
at pin 2. To allow adjustment over the entire frequency range, a good
value is 100 kQ (assuming Ry = 100 k).

This resistor is present to limit the minimum resistance between pin 4
and ground. A good choice is 100 kQ.

This potentiometer allows volume adjustment. A 250-k{2 potentiometer
will allow adjustment from full loud to barely audible. If volume
adjustment is not required, instead of potentiometer, a fixed resistor of
0.5 k2 to 2 kQ may be used.

For a telephone application such as this, the impedance of the transducer
must be approximately 4 k{2 to best match the output of the detector/driver.
One choice that meets this requirement is a Kyocera KBS-27DB-3A. (See
further discussion in section on Ringer Equivalency Number.)

Driving a Speaker

The circuit in Figure 7 will also drive a speaker. The only difference is, that a speaker

which is normally 8 Q should be matched to the 4-kQ output with a transformer.
Figure 8 shows how the speaker should be connected.

&)

The values and functions of each component in Figure 8 is as follows:

Ryor  This potentiometer provides volume control

This capacitor blocks dc and should have a low impedance to the detector
driver output frequencies. A suitable value is 0.1 uF, 40 V.

C2
2 l i I, T
TCM1501A R C l m

TCM1506A voL
TcM1512a |7

AAA

YyYyYyy

SPEAKER

Figure 7. Driving a Speaker

Output Characteristics

The output voltage and the output power curves of TCM1501A ringer as a function

of input frequency at various input voltages are shown in Figures 8 (a) and (b), respectively.
The device is capable of putting out well over 80 mW into a 4-kQ load at input signal greater
than 110 V and frequency of 60 Hz.
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Ringer Equivalency Number (REN)

The REN of a ringer circuit is a number that reflects the minimum amount of
impedance that is presented to the telephone line during ringing. A standard ringer is defined
to be 8000 @ and have a REN of 1. The following equation may be used to calculate the
REN of a nonstandard ringer:

REN — 8000

|Z|

where |Z| is the magnitude of the impedance of the ringer circuit.

50 ~—
Vi=110V rms
40 —
Vi=130 V rms

2
w
o
ff 30 |—
- R
C>> Vi=100 V rm:
[
2
E
S 20 |-
o
X
b .
u V=40 Vrms

10 f—

. | | [ | | |

10 20 30 40 50 60 70

INPUT FREQUENCY (Hz)

(@) Voltage Out with 4-kQ Fixed Output Load

Figure 8. TCM1501A Output Characteristics
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(b) Output Energy with 4-kQ Fixed Output Load

Figure 8. TCM1501A Output Characteristics

To estimate the REN of ringer circuits utilizing one of the TCM1500 family ICs, the
circuit in Figure 9 may be used. For purposes of simplifying the analysis of this circuit,

-@-

—&

c1 —_——— e TEMIEXXA
o—|€ A 1
Tie I\ | T 1
| |
a0V
! rec. | |
! I
VRING | {
: 'f ! _ERINGE-L-,mszo
| 65V 40k I < TRANSDUCER
' T
O- — .
RING lL | |
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Figure 9. Equivalent Circuit for REN Analysis



the diodes in the bridge as well as the 65-V zener may be assumed ideal. Also, once Cring
is charged up, it is effectively out of the circuit as far as REN is concerned. The fact that
the 65-V zener is parallel with the 40-k{} resistance complicates things when the ringing
voltage tries to exceed 65 V. The 40-k{} resistance represents the power used by the CMOS
logic circuitry and is so large compared to the impedance of the parallel load that it may
be ignored. A further simplification of the equivalent circuit may be drawn as indicated
in Figure 10. Notice that the load appears as a resistive impedance even though the piezo
device is basically a capacitive device. This is due to the voltage regulators that supply
the output drivers that drive the piezo device.

ct r==—=1.

IRING R1
TIP I

TVRING

(o
RING

Figure 10. Simplified Ringer Equivalent Circuit
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The REN analysis is as follows: |

1. Assuming worst case values of Ringer Voltage (VrinG) and frequency (fring),
let VRING = 150 Vi (so that zener is clamping)
let fring = 68 Hz (Class B ringer per FCC part 68)

2. Known values are: i

Cy = 047 uF R; = 2.2 kQ

Ry, = 6 k@ (from Kyocera impedance graph)
3. Calculate Rz (equivalent resistance of zener diode)

Rzp = V2D

Izp
where Vzp = 65 volts
and IZD = IRING e IL

where I, = YL = 65 =108 (10-3) A

RL 6000
and IRING = VCI + VRI
Loy + Iy
Zo = 1 = -j4980 Q
27 fring C

Zpi = Ry = 2200

Ver + Vri = 150 - 65 = 85 volts
85 = 85

2200 - j4980 5444 | -66.16°

= 156 (10-3) /66.16° A

Izp = 156 (10-3) | 66.16° - 10.8 (10-3)
= (6.30 + j 14.26 - 10.8) (10-3)
= (-4.5 + j 14.26) (10-3)
= 14.95 (10-3) - [7248° A

. now since Vzp and Izp are in phase (resistive), the angle may be dropped

IrinG =

Ryp = 65
14.95 (10-3)
Ryzp = 4348 Q



4. Calculate parallel equivalent

Rzp [ Ry - RepRe _

for Rzp and Ry,

(4348)(6000)

Rzp + R 4348 + 6000

= 2521 Q

5. Calculate overall equivalent impedance Z
Z=7Zc + Zri + Rzp || RL

-j4980 + 2200 + 2521
-j4980 + 4721 = 6862

6. Calculate REN:

REN = 8000 — 8000
|Z| 6862
REN = 1.165

[-46.71° Q

It is important to note that only in the absolute worst case situation of 150 V rms,
68-Hz ring signal would the REN be as high as 1.165. If the ring signal is more tightly
controlled, as in the case with most PBXs, the REN would typically be less than 0.5.

Figures 11(a) through 11(c) show respectively, the typical laboratory measurements
for impedance vs frequency for the TCM1501A ringer with output open, output shorted
and with Kyocera KBS-27D8 piezo transducer, taken at different voltages. Figure 11(d) shows
the impedance variation of Kyocera Piezo KBS-27D8-3A with frequency. As is obvious,
the impedance of TCM1501A ranges approximately from 8 kQ to 30 kQ and is fairly
independent of the load connected to its output.

Tighter Frequency Control

Due to normal process variations from one lot to another, the oscillator frequency
can vary somewhat from the nominal values listed in Table 2. To obtain these center
frequencies, the designer may either use a potentiometer as in the application in
Figure 5, or use the applicable binned (standard) 1% resistor value as indicated in
Table 3. The binned resistor will cause it to oscillate within +5% of the nominal frequency.
At a slight premium, TI will label the bin values if the user so chooses. If a fixed resistor
is used to set frequency, it takes the place of both the Rogc potentiometer and Rj.

Table 3. Binned (Standard) Resistor Values

Part No.

Biﬁned Resistor Values
(k)

TCM1501A
TCM1506A
TCM1512A

130, 140, 150, 158, 165
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Figure 11. TCM1501A Laboratory Measurements — Impedance vs Frequency
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Figure 11. (Cont’d.) Laboratory Measurements — Impedance vs Frequency
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Additional Applications
Turning Ringer Circuit ON/OFF with a TTL Output

 Figure 12 shows how an open-collector output of a TTL or STTL device may be
used to disable the ring output of the TCM1512A. When the open-collector input goes low,
the opto-isolator switches ON, placing a voltage on pin 4 that is sufficient to swamp-out
the internal oscillator. While there are other means of shutting off the ringer, this is a
low-voltage high-impedance method that provides isolation.

750 k2

10 uF

100 v
|l 1'*().‘.‘.“ - 5V

2.2kQ ,
8 7 6 5
- TIL181
O———d <+
10V TCM1501A ————— = “OPEN
60 Hz | coLLECTOR"
| | TTLORSTTL
6.8k \ ) a . | :
] ' |
§ ! "
[ |
3.3k Rosc $ \ [}
154ka $ H |
PIEZO L J
= PEZO ] e ———
= TRANSDUCER

Figure 12. Controlling Ringer with a TTL Output

Interfacing the TCM1520A Ring Detector

uoneunoju] s,aubisaqg

The TCMI520A may be interfaced to allow either isolated or nonisolated supplies.
Figure 13 shows a typical telephone application which uses an optocoupler to keep the
phone lines isolated. When a ring signal is applied, the 10-uF capacitor charges until
pin 1 and 8 passes the 17V threshold, at which time pin 4 outputs + 5 V turning the
optocoupler on. This causes the transisitor portion of the optocoupler to saturate, providing
a low signal to the uP or logic block.

The drive capability of the TCM1520A is a function of the input Tip Ring voltage
and frequency. Figure 14(a) shows the typical output voltage vs load curves at different
input ring signals. Figure 14(b) shows the typical 1mpedancc vs frequency curves of
TCMI520A at different input voltages. -

Figure 15 illustrates one example of how to interface to the TCM1520A when isolation
is not required. The 10-k{2 resistor is required only if the opposite sense of the output signal
is desired.
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Figure 13. TCM1520A with Isolated Supply

Autoanswer MODEM

Figure 16 shows how TCM1520A may be used to design an autoanswer MODEM.
The incoming ring signal is detected by the TCM1520A which drives an optoisolator to
give a MOS/TTL compatible signal to the uP. The uP on recognizing a valid ring signal
gives an off-hook (OH) signal to DAA (Direct Access Arrangement), thus answering the
“phone.” The transmitting device can now send the carrier and start data transmission.
The TCMI1520A goes in the standby mode offering a better than 1-MQ impedance to signals
below 5 V rms, thus offering no signal degradation to transmit or receive audio signals.
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Figure 15. TCM1520A with Nonisolated Supply
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Figure 16. Autoanswer Modem Applications
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TCM1520A as a Low Current Power Supply

The TCM1520A may also be used as an inexpensive 5 V power supply as shown in
Figure 17. This circuit may be plugged directly into a standard 110 V, 60 Hz wall outlet
and a regulated 5 V is available at pin 4. The current drive capability in this configuration
is dependent upon the series limiting resistor. With a 6.8-kQ resistor as shown, the drive
capability is about 7 mA.

#C Control of Ringer

uonewuoyu| s,18ubisaqg M

Figure 18 shows how a TCM1512A and TCM1520A may be used to detect a ring signal
and then let a microcomputer decide whether to ring the ringer or not. The TCM1520A
is used to detect the presence of a ring signal. The TCM1512A is used to drive the piezo
transducer. The ringer disable switch could be used to tell the microprocessor whether
to ring the ringer or start the tape recorder.

6.8kQ 1 WATT*

(0V) Vsg |VDD (+5 V)
4 3 2 1
SYSTEM .

=T

[ 110 V rms

S5V 60 Hz

5V SERIES ANTITAPPING
»REGULATORS AND
L PROTECTION

5 6 7 I | 8 I
INTERNAL
ZENER b

*EXTERNAL RESISTOR MUST SUSTAIN BYPASS ‘ 4
TRANSIENT WITHOUT BREAKING DOWN. 10uF L
(Vpk >3000 V) 50V~

Figure 17. Small Current Power Supply
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APPENDIX A

IMPEDANCE VS FREQUENCY CURVES FOR VARIOUS VALUES OF CAPACITORS
TO SIMULATE PIEZO PERFORMANCE

30000 r
25000 |—
0.010 uF
20000 [— 0.033 uF
S
N
15000 }—
10000 f—
5000 | 1 l ! 1 |
10 20 30 40 50 60 70

FREQUENCY (Hz)
(@) Viy = 40 V rms

Figure A-1. TCM1501A Using Capacitors to Simulate Piezo Performance
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APPENDIX B

KYOCERA PIEZOELECTRIC ACOUSTIC GENERATOR SPECIFICATIONS.

Contact your local Kyocera International, Inc., representative for further details on their

devices.

Headquarters: Kyocera International, Inc.

Texas:

8611 Balboa Avenue
San Diego; CA 92123
(619) 279-8310

Kyocera International, Inc.
13771 N. Central Expressway
Suite 733 :
Dallas, Texas 75243

(214) 234-2408
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SPECIFICATIONS

PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-20DB- 3P

0+ 10
l 19 {10+%3
11 [
al o ‘ b4
- -] S =
T w 1 3
! ! L
UNIT : ==
1) Working Temperature : —20° C~+60 C
2) Resonant Frequency : 35 +05 Kiz
3) Resonant Impedance : 7500 0 Max
4) Capacitance : 10000 PF + 30 %
5) Applied Voltage (mominal): {Q Vpp
Applied Voltage (maximam): 50 Vpp

(K

1 3 7 (KHz)
Impedance-Frequency Characterist‘ic
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SPECIFICATIONS
PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-200B -5A

gy10.3

s

dly
@ ) El:: '
ol o
N
N‘ -
EE
UNIT :mm
1) Working Temperature : =20 C~+60 C
2) Resonant Frequency : 6.0+ 20 Kiz
3) Resonant Impedance : 2000 n MAX
4) Capacitance : 10000 PF + 30 %
5) Applied Voltage (mominal): 1 Vpp
Applied Voltage (ma.ximam): 50 Vp.p
(=
X
10
AN
7 AN
\\ \\
3 \‘j\ \N
1 3 7 (KHD

Impedance-Frequency Characteristic

3-117

Designer’s Information m



SPECIFICATIONS

PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-27DB8-3T

4o 23%0.§
S50 ° 4.6 a7
£ e
w
Q
il
L L
¥do e :
&9 ;5 R
3
o,/ ¥
40 23S
UNIT :mm
1) Working Temperature : —20°C~460 C
2) Resonant Frequency : 38 + 10 kKiz
3) Resonant Impedance : 3000 o MAX
4) Capacitance : 20000 PF + 30 %
S) Applied Voltage (mominal): 1Q Yop
Applied Voltage (maximam): §5Q Vpp

N i BB

uonew.ojuj s, teubisaqg n

1 3 7 (KHD)
Impedance-Frequency Characteristic
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SPECIFICATIONS

PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-27 DB-3A

“7%03

—

N

e Aty
——y Y
+Y 41 Q
algl o
BIEEN
UNIT :mm
1) Working Temperature : —20°C~+60C
2) Resonant Frequency :38 + 10 Kiz
3) Resonant Impedance : 2500 MAX
4) Capacitance : 20000 PF + 30 %
5) Applied Voltage (mominal): | pp
Applied Voltage (maximam): §QO VD_D
ol N
R
= NG
T
il
LH
3
L
it EHE
H i;! ;
i
ARSI i RO SR R B
1 3 7 KH2D

Impedance-Frequency Characteristic
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SPECIFICATIONS

PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-35 DA- 3A

3-120
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< 0351003
™ ~
(N .
+t 9
Y +
[ o
o .
« 8
-
UNIT :mm
1) Working Temperature : —20°C +60°C
2) Resonant Frequency : 290+ 05 KHz
3) Resonant Impedance : 200 £1 Max
4) Capacitance : 30000 PF + 30 %
5) Applied Voltage (mominal): 10 op
Applied Voltage (maximam): §0O VD'D
4.5 -
iy g
L 7
N N \
. . NI
= SIRNIE
* 'l }V\
' q
N\
I
N
1 3 7 (KH?
Impedance-Frequency
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SPECIFICATIONS

PIEZOELECTRIC ACOUSTIC GENERATOR ELEMENT KBS-500DL-Q5C

S

Black 0 ﬁ Red \\ 20+03

#500+0¢
[}

UNIT :mm

1) Working Temperature : =20 C ~+60 C
2) Resonant Frequency : 055+ 025 Kz
3) Resonant Impedance : 700 0 MAX
4) Capacitance : 120000;:}‘ +30 %
5) Applied Voltage (nominal): ]O vpp
Applied Voltage (maximam): 50 pp
¢
oy s ! \
l a 3
" N
5 Q7 AN
s
AN
Q3 \J\
| i o\ “\
(0} 03 Q71 3 710 KHD

Impedance-Frequency
Characteristic
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ESD Considerations

Guidelines for Handling Electrostatic-Discharge Sensitive (ESDS)
Devices and Assemblies

SCOPE

This specification establishes the requirements for methods and materials used to protect electronic parts, devices, and
assemblies (items) susceptible to damage or degradation from electrostatic discharge (ESD). The electrostatic charges referred
to in this specification are generated and stored on surfaces of ordinary plastics, most common textile garments, ungrounded
people’s bodies, and many other commonly unnoticed static generators. The passage of these charges through an electrostatic-
sensitive part may result in catastrophic failure or performance degradation of the part.

The part types for which these requirements are applicable include, but are not limited to, those listed:

1) All metal-oxide semiconductor (MOS) devices, e.g., CMOS, PMOS, etc.

2) Junction field-effect transistors (JFET)

3) Bipolar digital and linear circuits

4) Op Amps, monolithic microcircuits with MOS compensating networks, on-board MOS capacitors, or other MOS
elements . .

S) Hybrid microcircuits and assemblies containing any of the types of devices listed

6) Printed circuit boards and any other type of assembly containing static-sensitive devices.

Definitions

1. Antistatic material: ESD protective material having a surface resistivity between 109 and 1014 Q/square.
2. Static dissipative material: ESD protective material having surface resistivity between 105 and 109 Q/square.
- 3. Conductive material: ESD protective material having a surface resistivity of 105 Q/square maximum.

4. Electrostatic discharge (ESD): A transfer of electrostatic charge between bodies at different electrostatic potentials
caused by direct contact or induced by an electrostatic field.

5. Surface resistivity: An inverse measure of the conductivity of a material and is the resistance of unit length and
unit width of a surface. Note: Surface resistivity of a material is numerically equal to the surface resistance between
two electrodes forming opposite sides of a square. The size of the square is immaterial. Surface resistivity applies
to both surface and volume conductive materials and has the dimension of Q/square.

6. Volume resistivity: Also referred to as bulk resistivity. It is normally determined by measuring the resistance
(R) of a square of material (surface resistivity) and multiplying this value by the thickness (T).

7. Ionizer: A blower that generates positive and negative ions, either by electrostatic means or by means of a radioactive
energy source, in an airstream, and distributes a layer of low velocity ionized air over a work area to neutralize
static charges.

8. Close proximity: For the purpose of this specification, is 6 inches or less.

Device Sensitivity per Test Circuit of Method 3015, MIL-STD-883

Devices are categorized according to their susceptibility to damage resulting from electrostatic discharge (ESD), and
the type packaging required to adequately protect them.

1) Device electrostatic sensitivity:

Designer’s Information m

Category ESD Sensitivity (V) Minimum Protective Packaging
A 20-2000 Antistatic Magazine & Conductive Bag/Box
B > 2000 Antistatic Magazine & Antistatic Bag

2) Devices are to be categorized by their sensitivity
3) Devices are to be protected from ESD damage from receipt at incoming inspection through assembly, test and
shipment of completed equipment.
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APPLICABLE REFERENCE DOCUMENTS

The following reference documents (of latest issue) can provide additional information on ESD controls.

1) MIL-M-38510 Microcircuits, General Specification
2) MIL-STD-883 Test Methods and Procedures for Microelectronics
3) MIL-S-19491 Semiconductor Devices, Packaging of
4) MIL-M-55565 Microcircuits, Packaging of
~ 5) DOD-HDBK-263 Electrostatic Discharge Control Handbook for Protection
6) DOD-STD-1686 Electrostatic Discharge Control Program
7) NAVSEA SE 003-11-TRN-010 Electrostatic Discharge Training Manual

FACILITIES FOR STATIC-FREE WORK STATION

The minimum acceptable static-free work station shall consist of the work surface covered with an ESD protective material
attached to ground through a 1 MQ +10% resistor, an attached grounding wrist strap with integral 1 MQ +10% resistor
for each operator, and air ionizer(s) of sufficient capacity for each operator. The wrist strap shall be connected to the ESD
protective material. Ground shall utilize the standard building earth ground, refer to Figure 42. Conductive floor tile along
with conductive shoes may be used in lieu of the conductive wrist straps. The Site Safety Engineer must review and approve

- all electrical connections at the static-free work station prior to its implementation.

Air ionizers shall be positioned so that the devices at the static-free work stations are within a 4-foot arc measured by
a vertical line from the face of the ionizer and 45 degrees on each side of this line.

General grounding requirements are to be in accordance with Table S.

 ESD PROTECTIVE
PERSONNEL TRAYS, ETC.
GROUND STRAP

ESD PROTECTIVE

R TABLE TOP
OTHER
1onzer| | gqec,
R EQUIP.
*———AN—
CHAIR

WITH GROUND

(OPTIONAL) ESD PROTECTIVE

FLOOR MAT
(OPTIONAL)
R WORK BENCH
Wt /o . g

vnt,\o% 07.00%
O °°‘BUII.DIN

20

1 MEG SZ +10% 1/2
3o .,o-oc’o, it \

SO oo

All electrical equipment sitting on the conductive table top must be hard grounded but must be isolated from the conductive
table top.

NOTE: Earth ground is not computer ground or RF ground or any other limited type ground.

Figure 42. Static-Free Work Station
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Table 5. General Grounding Requirements

TREATED WITH ANTISTATIC SOLUTION GROUNDED TO
OR MADE OF CONDUCTIVE MATERIAL COMMON POINT

Handling Equipment/Handtools X

Metal Parts of Fixtures X

and Tools/Storage Racks

Handling Trays/Tubes X

Soldering Irons/Bath X

Table Tops/Floor Mats X X

Personnel X Using Wrist Strap*

*With 1 MQ + 10% resistor
Usage of Antistatic Solution in Areas to Control the Generation of Static Charges

The use of antistatic chemicals (antistats) should be a supplemental part of an overall organized ESD program. Any antistatic
chemical application shall be considered as a means to reduce or eliminate static charge generation on nonconductive materials
in the manufacturing or storage areas.

The application of any antistatic chemical in a clean room of class 10,000 or less shall not be permitted. Accordingly,
any user of antistatic solutions must consider the following precautions:

1. Do not apply antistatic spray or solutions in any form to energized electrical parts, assemblies, panels, or equipment.
2. Do not perform antistatic chemical applications in any area when bare chips, raw parts, packages, and/or personnel
are exposed to spray mists and evaporation vapors.

The need for initial application and frequency of reapplication can only be established through routine electrostatic voltage
measurements using an electrostatic voltmeter. The following durability schedule is a reasonable expectation.

1) Soft surfaces (carpet, fabric seats, foam padding, etc.): each 6 months or after cleaning, by spraying.

2) Hard abused surfaces (floors, table tops, tools, etc.): each week (or day for heavy use) and after cleaning, by
wiping or mopping.

3) Hard unabused surfaces (cabinets, walls, fixtures, etc.): each 6 months or annually and after cleaning, by wiping
or spraying.

4) Company-furnished and maintained clothing and smocks: after each cleaning, by spraying or adding antistatic
concentrate to final rinse water when cleaned.

The use of antistatic chemicals, their application, and compliance with all appropriate specifications, precautions, and
requirements shall be the responsibility of the Area Supervisor where antistatic chemicals are used.

ESD Labels and Signs in Work Areas
-ESD caution signs at work stations and labels on static-sensitive parts and containers shall be consistent in color, symbols,

class, and voltage sensitivity identification, and appropriate instructions. Signs shall be posted at all work stations performing
any handling operations with static-sensitive items. These signs shall contain the following information.

CAUTION
STATIC CAN DAMAGE COMPONENTS

Do not handle ESDS items unless grounding wrist strap is properly
worn and grounded. Do not let clothing or plain plastic materials
contact or come in close proximity to ESDS items.

Labels shall be affixed to all containers containing static-sensitive items at a place readily visible and proper for the intended
purpose. Additionally, labels must be consistently placed on containers and packages at a standard location to eliminate
mishandling. Use only QC accepted and approved signs and labels to identify static-sensitive products and work areas. The
use of ESD signs and labels, and their information content shall be the responsibility of the Area Supervisor to assure consistency
and compatibility throughout the static-sensitive routing.
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Relative Humidity Control

Since relative humidity has a significant impact on the generation of static electricity, when possible, the work area should
be maintained within the following relative humidity ranges: incoming/assembly/test/storage 50%-65% (ref. Ashrae, 55—74),
within £5% to avoid static voltage monitor variations.

PREPARATION FOR WORKING AT STATIC-FREE WORK STATION

A work station with a conductive work surface connected to ground through a 1 MQ +10% resistor, a grounding wrist
strap with the ground wire connected to the conductive work surface, and an ionizer constitute a static-free work station
(Figure 42). An operator is properly grounded when the wrist strap is in snug (no slack) contact with the bare skin, usually
positioned on the left wrist for a right-handed operator. The wrist strap must be worn the entire time an operator is at a
static-free work station. The operator should first touch the grounded bench top before handling static-sensitive items. This
precaution should be observed in addition to wearing the grouding wrist strap. If possible, operators should avoid touching
leads or contacts even though grounded.

CAUTION

Personnel shall never be attached to ground without the presence
of the 1 MQ +10% series resistor in the ground wire.

‘An operator’s clothing should never make contact or come in close proximity with static sensitive items. They must
be especially careful to prevent any static-sensitive items (being handled) from touching their clothing. Long sleeves must
be rolled up or covered with antistatic sleeve protector banded to the bare wrist which shall ‘‘cage’’ the sleeve at least as
far up as the elbow. Only antistatic finger cots may be used when handling static-sensitive items.

Any person not properly prepared, while at or near the work station, shall not touch or come in close proximity with
any static-sensitive items. It is the responsibility of the operator and the Area Supervisor to ensure that the static-free work
area is clear of unnecessary static hazards, including such personal items as plastic coated cups or wrappers, plastic cosmetic
bottles or boxes, combs, tissue boxes, cigarette packages, and vinyl or plastic purses. All work-related items, including
information sheets, fluid containers, tools, and parts carriers must be those approved for use at the static-free work station.

GENERAL HANDLING PROCEDURES AND REQUIREMENTS

1. All static-sensitive items must be received in an antistatic/conductive container and must not be removed from
the container except at static-free work station. All protective folders or envelopes holding documentation (lot
travelers, etc.) shall be made of nonstatic-generating material.

. Each packing (outermost) container and package (internal or intermediate) shall have a bright yellow warning
label attached, stating the following information or equivalent:

CAUTION
A

L)

ELECTROSTATIC

W

DEVICES
DO NOT OPEN OR HANDLE \
EXCEPTATA

STATIC-FREE WORKSTATION

The warning label shall be legible and easily readable to normal vision at a distance of 3 feet.

3. Static-sensitive items are to remain in their protective containers except when actually in work at the static-free
station.

4. Before removing the items from their protective container, the operator should place the container on the conductive
grounded bench top and make sure the wrist strap fits snugly around the wrist and is properly plugged into
the ground receptacle, then touch hands to the conductive bench top.

5. All operations on the items should be performed with the items in contact with the grounded bench top as much
as possible. Do not allow conductive magazine to touch hard grounded test gear on bench top.
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1.

. Ordinary plastic solder-suckers and other plastic assembly aids shall not be used.
. In cases where it is impossible or impractical to ground the operator with a wrist strap, a conductive shoe strap

may be used along with conductive tile/mats.

. When the operator moves from any other place.to the static-free station, the start-up procedure shall be the

same as in PREPARATION FOR WORKING AT STATIC-FREE WORK STATION.

. The ionizer shall be in operation prior to presenting any static-sensitive items to the static-free station, and shall

be in operation during the entire time period the items are at the station.

. “‘Plastic snow’’ polystyrene foam, ‘‘peanuts,’’ or other high-dielectric materials shall never come in contact

with or be used around electrostatic sensitive items, unless they have been treated with an antistat (as evidenced
by pink color and generation of less than + 100 volts).

Static-sensitive items shall not be transported or stored in trays, tote boxes, vials, or similar containers made
of untreated plastic material unless items are protectively packaged in conductive material.

PACKAGING REQUIREMENTS

Packaging of static-sensitive items is to be in accordance with Device Sensitivity, item 1). The use of tape and plain
plastic bags is prohibited. All outer and inner containers are to be marked as outlined in GENERAL HANDLING
PROCEDURES AND REQUIREMENTS, item 2, and conductive magazines/boxes may be used in lieu of conductive bags.

SPECIFIC HANDLING PROCEDURES FOR STATIC-SENSITIVE ITEMS

Stockroom Operations

1.

Containers of static-sensitive items are not to be accepted into stock unless adequately identified as containing
static-sensitive items.

. Items may be removed from the protective container (magazine/bag, etc.) for the purpose of subdividing for

order issue only by a properly grounded operator at an approved static-free station as defined in FACILITIES
FOR and PREPARATION FOR WORKING AT STATIC-FREE WORK STATION.

. All subdivided lots must be carefully repackaged in protective containers (magazine/bag, etc.) prior to removal

from the static-free work station and labeled to indicate that the package(s) contain static-sensitive items. If it
is suspected that a static-sensitive item is not adequately protected, do not transfer it to another container, return
it to the originator for disposition unless the originator is a Customer. In that case, the QC Engineer should
contact the Customer and negotiate an appropriate disposition.

. It is the responsibility of the Stockroom Supervisor to ensure that all personnel assigned to this operation are

familiar with handling procedures as outlined in this specification. A copy of this specification is to be posted
in the vicinity so that it is accessible to the operators. Stock handlers and all others who might have occasion
to move stock are to be instructed to avoid direct contact with unprotected static-sensitive items.

Module and Subassembly Operations

1.

2.

Static-sensitive items are not to be received from a stockroom, kitting, or machine insertion area unless received
in approved static-protective packaging, and properly labeled to indicate that its contents are static sensitive.
All single station, progressive line manual assembly operators, and visual inspectors prior to wave soldering
operations are to be properly grounded with a grounding wrist strap when handling static-sensitive items.

. Progressive lines used as single stations where operators will be working on a mix of boards, both static-sensitive

and nonstatic-sensitive, will require that all operators working on the line be properly grounded. This is necessary
to accommodate the sliding of static-sensitive boards along the assembly bench or across positions not engaged
in the assembly of this type board.

. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are

familiar with this procedure and fully aware of the damage or degradation of these units in the event of
noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-
free stations are in proper working order and to ensure that operators arc wearing grounding wrist straps properly
(snugly in contact with bare skin).

Soldering and Lead-Forming Operations

1.

All soldering machines, conveyors, cleaning machines, and equipment shall be electrically grounded to ensure
that they are at the same ground potential as the grounded operators working on their stations. No machine
surfaces exposed to static-sensitive items are to be above the ground potential.
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All processing equipment shall be grounded, including all loading and unloading stations, that is, the stations
before and after each piece of processing equipment.

All nonmetallic, static-generating components in the handling systems shall be treated to ensure protection from
static.

All stations shall be identified by posting signs as outlined in ESD Labels and Signs in Work Areas.
Operators are to be properly grounded with a grounding wrist strap during any handling, loading, unloading,
inspection, rework, or proximity to static-sensitive items.

Unloading operators working at a grounded station shall place static-sensitive items into approved static-protective
bags or containers.

All manual soldering, repair, and touch-up work stations on the solder line are to be static protected. Operators
are to wear grounding wrist straps when working on static-sensitive items. Only grounded-tip soldering/desoldering
irons are allowed when working on static-sensitive items.

It is the responsibility of the Area Spervisor to ensure that all personnel handling static-sensitive items are familiar
with this procedure and fully aware of the damage or degradation of these units in the event of noncompliance.
A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free stations are
in proper working order and to ensure that operators are wearing grounding wrist straps properly (comfortably
snug in contact with bare skin).

Electrical Testing Operations

1.

w

All electrical test stations shall be static protected. Operators shall be properly grounded when working on these
items.

Reused antistatic magazines must be monitored for maintenance of antistatic characteristics.

Devices should be in an antistatic/conductive environment except at the moment when actually under test.
Devices should not be inserted into or removed from circuits or tester with the power on or with signals applied
to inputs to prevent transient voltages from causing permanent damage.

All unused input leads should be biased if possible.

Device or module repairs must be performed at static-free stations with the operator attached to a grounding
wrist strap. Grounded-tip soldering irons shall be used when working on static-sensitive items.
Static-sensitive items shall be handled through all electrical inspections in static protective containers. Removal
of the items from the protective containers shall be done at a static-free work station as discussed in
PREPARATION FOR WORKING AT A STATIC-FREE WORK STATION. The units must be returned
to the containers before leaving the station.

All such items shall be shipped with an ESD warning label affixed as listed.

It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are
familiar with this procedure and fully aware of the damage or possible degradation-of these units in the event
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly
in contact with bare skin).

Packing Operations

1.

2.

3.

Static-sensitive items are not to be accepted into the packing area unless they are contained in a static-protected
bag or conductive container.

A static-sensitive item delivered to the packer within an approved container or bag and found to be in order
regarding identification shall be packed in the standard shipping carton or other regular packaging material.
Containers are to be labeled in accordance with. GENERAL HANDLING PROCEDURES AND
REQUIREMENTS, item 2.

Any void-fillers shall be made of an approved antistatic material.

Burn-In Operations

1.
2.
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Burn-in board loading and unloading of static-sensitive items shall be done at a static-free station.

Shorting clips/shorted connectors shall be installed on the board plug-in tab prior to loading any units into the
board sockets. The clip/connector shall be taken off just prior to plugging the board into the oven connector.
The clip/connector shall be installed immediately upon removal of the board from the oven connector.
Installation and removal of the clip/connector shall be done by a properly grounded operator.

All automatic or semiautomatic loading and unloading equipment shall be properly electrically grounded.



4. It is the responsibility of the Area Supervisor to ensure that all personnel handling static-sensitive items are
familiar with this procedure and fully aware of the damage or possible degradation of these units in the event
of noncompliance. A periodic inspection should be made using an electrostatic voltmeter to assure that the static-free
stations are in proper working order and to ensure that operators are wearing grounding straps properly (snugly
in contact with bare skin).

CUSTOMER RETURNED ITEM HANDLING PROCEDURE

Receipt of ESDS-labeled items is to be done at a static-free work station and handled in accordance with applicable sections
within this guideline.

QUALITY CONTROL PROVISIONS

Sampling

Each manufacturing, stockroom, and testing operation handling ESDS devices will be audited a minimum of once each
quarter for compliance with all terms of this specification by the responsible process control or QRA organization. Ground
continuity and the presence of uncontrolled static voltages are considered critical and shall be checked more frequently as
specified below.

Ground Continuity (minimum of once a week).

Ground connections (grounding wrist strap, ground wires on cords, etc.) shall be checked for electrical continuity. The
presence of a 1 MQ +10% resistor in the ground connections between both the operator wrist straps to the work surface
and the work surface to ground connector must be verified.

Grounded Conditions (minimum of once a week).

A 'visual inspection shall be made to determine full compliance with this specification at static-free work stations during
handling of static-sensitive items, including operator being grounded as required, static-sensitive items not being handled
in unprotected or unauthorized areas, and no static-generating materials at the grounded work station.

Sleeve Protectors (minimum of once a week).

A visual check shall be made to determine that each operator wearing loose-fitting or long-sleeved clothing either has
sleeves properly rolled or covered with sleeve protectors properly grounded to the bare skin at the wrist.

Static Voltage Levels (minimum of once a week).

In addition to the visual inspections, a sample inspection using an electrostatic voltmeter will be used to check for
uncontrolled electrostatic voltages at or near electrostatic-controlled work stations.

Conductive Floor Tiles (minimum of once a month).

Conductive floors must have a resistance of not less than 25 k€2 from any point on the tile to earth ground. Also, resistance
from any point-to-point on the tile floor 3 feet apart shall be not less than 25 k. The test methods to be used are
ASTM-F-150-72 and NFPA 56.

Records
Written records must be kept of all these QC audits.
TRAINING
Training is applicable for all areas where individuals come in contact with ESDS (category A) devices. It is the responsibility
of each Area Supervisor to make sure that his/her people receive ESD training initially and every 12 months thereafter to

maintain proficiency. Training should include static fundamentals, a review of applicable parts of this specification, and actual
applications in the work area.
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MECHANICAL DATA

D plastic ‘‘small-outline’’ package
This ‘“small-outline’’ package consists of a circuit mounted on a lead frame and encapsulated within a
plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. Leads require
no additional cleaning or processing when used in soldered assembly.

14-pin D package

8,74 (0.344)
8,55 (0.337)

AAAHHAR

—

6,20 (0.244)

5,80 (0.228)
4,00 (0.157)

3,81 (0.150) 1 7

THUEEUE

- 5,21 (0.205)
1,75 (0.069) - /k 7 Nom %’-Z-:ﬁg—%?%: x 45° 2,60 (0.181) 0,229 (0.0090)
1,35 (0.053) 4PLACES . \ 0,190 (0.0075)
L A
: .
I R ) =\
0,203 (o.oos)_}k _J L \‘/ \f
o et S
0,79 (0.031)
szs0oin > [ 1,12 (0.044)
PIN SPACING 0,51 (0.020)
1,27 (0.050)
(See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Leads are within 0,25 (0.010) radius of true position at maximum material dimension.
B. Body dimensions do not include mold flash or protrusion.
C. Mold flash or protrusion shall not exceed 0,15 (0.006).
D. Lead tips to be planar within 0,051 (0.002) exclusive of solder.

{i’
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MECHANICAL DATA

FN plastic chip carrier package

Each of these chip carrier packages consists of a circuit mounted on a lead frame and encapsulated within
an electrically nonconductive plastic compound. the compound withstands soldering temperatures with
no deformation, and circuit performance characteristics remain stable when the devices are operated in
high-humidity conditions. The packages are intended for surface mounting on solder lands on 1,27-mm
(0.050-inch) centers. Leads require no additional cleaning or processing when used in soldered assembly.

1,22 (0.048) o

- 1,07 (0.042) x4s

FN PLASTIC CHIP CARRIER PACKAGE

(28-terminal package used for illustration)

1,35 (0.053) o
1,19 (0.047)

X 45" —

4 3 2 1 2
s 8 27 - ’
L 6 2 J
0 2
3 [l s 22
9 pal
10 20
" 19 []
12 13 14 15 16 17 18
e
B
B » 0,25 (0.010)
. RM
(See I:l\ote A) 3PLACES AX
JEDEC NO. OF A B [
OUTLINE TERMINALS MIN MAX MIN MAX MIN MAX
MO-047AA 20 9,78 10,03 8.89 9,04 7.87 8,38
(0.385)  (0.395) (0.350)  (0.356) | (0.310)  (0.330)
12,32 12,67 B B . B
MO 04 7A8 28 11,43 11,58 10.41 10.92
(0.485)  (0.495) (0.450}  (0.456) | (0.410)  (0.430)
17.40 17,65 16,51 16,66 15,49 16,00
MO 047AC 44
(0.685) (0.695) | (0.650) (0.656) | (0.610) (0.630)
25,02 25,27 24,13 24,33 23,1 23,62
MO-047AE 68
(0.985)  (0.995) | (0.950) (0.956) | (0.910)  (0.930}

All dimensions and notes for the specified JEDEC outline apply.

4,50 (0.177)

4,24 (0.167)

| 279(0.110)
2,41 (0.095)
0,94 (0.037)

0.6 0.027)

C (AT SEATING PLANE)

1,27 (0.050) T.P.
(See Note B)

SEATING PLANE
(See Note C)

0,81(0.032) fo—
0,66 (0.026)

0,51 (0.020)
0,36 (0.014)

1,52 (0.060) MIN

_T
0,64 (0.025) MIN
[

LEAD DETAIL

NOTES:A. Centerline of center pin each side is within 0,10 (0.004) of package centerline as determined by dimension B.
B. Location of each pin is within 0,127 (0.005) of true position with respect to center pin on each side.
C. The lead contact points arc planar within 0,10 (0.004).

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

i
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MECHANICAL DATA

68-pin HA package

The 68-pin HA is housed in a quadriform ceramic chip carrier (CERQUAD) and has gull-wing bent leads
for surface-mount technology.

68-pin HA package 28,70 (1.130)
" ) .
I’ 28,45 (1.120)
:l Il
I Y B—1-
T ( :E—'i
T .
C I
= 1,27 (0.050) TYP
[ |
0,64 (0.025) R. I  MINIMUM CLEAR
y T n LEADFRAME ZONE
= 22,861 (0.900)
0.558 (0.022)
0,457 (0.018)
\ )
0,64 0.025) R. —
4 PLACES
LUy .
22,40 (0.882)
21,89 (0.862)
3,05 (0.120) MAX — 4,57 (0.180) MAX
‘_’] Lo.51 (0.020) Min
0,76 {0.030) MIN —
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

{i’
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MECHANICAL DATA

68-pin HB package

The 68-pin HB package is housed in a quadriform ceramic chip carrier (CERQUAD) and has straight leads
for surface-mount technology. The straight leads are for use with low-profile sockets.

68-pin HB package

31,88 (1.255)
31,62 (1.245)
f |-
E———1"""%1.,270 (0.05) TYP
———)
———
0.64 (0.025) R.
)
~—%_0,559 (0.022)
0,457 (0.018)
. J
0.645 (0.025) R.
4 PLACES
22,40 (0.882)
21,89 (0.862)

[—1407 (0.042) MAX l‘——ﬂ— 4,39 (0.173) MIN
= l = 1
E-0,20 {0.008)

L-3.43 (0.135) MAX

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

{i,
Texas
INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265



MECHANICAL DATA

J ceramic dual-in-line package

Each of these hermetically sealed dual-in-line packages consists of a ceramic base, ceramic cap, and a
lead frame. Hermetic sealing is accomplished with glass. The packages are intended for insertion in
mounting-hole rows on 7,62 (0.300) centers (see Note A). Once the leads are compressed and inserted,
sufficient tension is provided to secure the package in the board during soldering. Leads require no additional
cleaning or processing when used in soldering assembly.

14-pin J package 19,94 (0.785)
- 19,18 (0.755)

OOOOOO®
ANANAAAN

B

0,63 (0.025) R NOM \

7,87 (0.310) VAYAYAYA AV
7,37 (0.290) OOOOOO®O®

7,11 {0.280)
6,22 (0.245)

<

.020) MIN —»| | 1,78 (0.070) MAX 14 PLACES
) | 127 051 (0.020)

{0.050) NOM l — GLASS

[} —
A — 5,08 (0.200) SEALANT
MAX

105° |~ SEATING PLANE ) 0,69 (0.027) MIN
5 14 PLACES

90°
14 PLACES
o {25002 1y
0,36 (0.014) 3,30 (0.130) k X
MIN 2,54 (0.100)

2f‘.3ﬂ‘é‘§°s’ 7,78 (0.070) PIN SPACING 254 (0.100) T.P.
4PLACES (See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

16-pin J package

19,94 (0.785)
19,18 (0.755)
(IO ORORCIO]
MO NAARA
¢ ¢ 0,63 (0.025) R NOM ~_|
7,87 (0.310) P
7,37 (0.290)
7,11 (0.280) IRV AATATAY
6,22 (0.245) 0O O G
_.1 I._ L 1,27 (0.050) NOM -—] ’41,78 {0.070) MAX 16 PLACES
i ] GLASS
5,08 (0.200) SEALANT
MAX
- SEATING PLANE J—’—
205 0,51 (0.020) __{ 0,69 (0.027) MIN
16 PLACES MIN

12 PLACES
036 (0.014) 3,30 (0.130)
30 (0. 0,58 (0.023)
,J‘ 0,20 (0.008) MIN Fm 16 PLACES
16 PLACES .
0,305 (0.012) MIN

4 FLAcEs 1,27 (0.050)
PIN SPACING 2,54 (0.100) T.P. 038 (0.015) * T LACES
(See Note A "

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

Texas {if
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MECHANICAL DATA

J ceramic dual-in-line package (continued)

20-pin J package 24,76 (0.975)

< 23:62 (0.930)

@@@@@@

|

0,63 (0.025) R NOM

7,87 (0.310)
7,37 (0.290)

7.62 (0.300)

6,22 (0.245) COOOOEOOO®®
_.1 rq—p— 1,27 (0.050) NOM l 051 (0 020) _-1 [4— 1,78 (0.070) MAX 20 PLACES

GLASS

rar
5,08 (0.200) SEALANT
MAX
_SEATING
1057 PLANE 339 (o 130) 0,69 (0.027) MIN
5 "* 16 PLACES
20 PLACES 036001
36 4)
0,20 (0.008) 0,305 (0.012) MlN.{ - %_g_%%
20 PLACES 4PLACES 127 00501 03¢ (0.078)
0,38 (0.015)
4PLACES

PIN SPACING 2,54 (0.100) T. P.
(See Note A}

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

22-pin J package r——za,o (1.100) MAx—ol
@ @@ OEOGEO®
Iy o o

0,63 (0.025) R NOM\

& 10,16-0,26
(0.400-0.010)
clclolelelofelolelolo)
-.] r— 1.27 (0.060) nom 081 10:020) ""N 1,78 (0.070) MAX 22 PLACES
r- GLASS
T SEALANT
3.30 (0.130)—)
e 5.08 (o zoo; L
—SEATING PLANE—-—
1os°
22 FLACES "\\r_o .36 (0.0140 0,584 (0.023) 22 PLACES
.20 (0.008) o, 305 (o 012) MIN o, 76 (o 030) MIN 0,381 (0.015) (SEE NOTES B & C)
22 PLACES
1.27 (0.050)
PIN SPACING 2,54 (0.100) T.P. —’l 0.38(0.015) 4 PLACES
N (SEE NOTE A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,26 (0.010) of its true longitudinal position.
B. This dimension does not apply for solder-dipped leads.

C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,50 (0.020) above the

seating plane.

{i’
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MECHANICAL DATA

J ceramic dual-in-line package (concluded)

24-pin JT package, 0.300-inch row spacing

32,51 (1.280) MAX

OO OOEO®O

0,63 (0.025) R NOM

€ | _8.13(0.320)
[ 7.37 (0.290)
7,62 (0.300) d
522 (0.245) 0OEOEEOEEOE®
1,27 (0.050) NOM R trod 1,78 (0.070)
s 27 0. MIN 78 (0.070
24 PLACES
’] I | | 57w GLASS
¥ 1 SEALANT
5,08 (0.200)
MAX
SEATIN
3 PLANE } -l io-o,ss (0.027) MIN
24 PLACES 24 PLACES
- 0,58 (0.023)
0,36 (0.014) "\\" 330 l"a,za ©.015)
6,20 (0.008) 24 PLACES
24 PLACES PIN SPACING 2,54 (0.100) T.P.
(See Note A)

2,54 (0.100) MAX
4 PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

28-pin J package, 0.600-inch row spacing

.

0,63 (0.025) R

€ [3
15.49 (0.610) 14.2 (0.560)
s — wiosw loelojolelololojololclelCle)
1 1,91 (0.075) 5,7 (0.225)
— 1,27 (0.050) NOM r 1.27 (0.050) 1,78 (0.070) MAX 28 PLACES —  |&— 38 (0.150)
GLASS SEALANT
r SEATING PLANE
157 28 pLaces
-90° 1.78 (0.070) _
030 (0.012) ——wlje 05710.020) 4,06 (0.160)
0.20(0.008) 0.71(0.028) MIN _.l 3,17 (0.125) 28 PLACES
28 PLACES 0,51 (0.020) 28 PLACES
0.41(0.016)
28 PLACES PIN SPACING 2,54 (0.100) T.P. _f;; ::;::: 4 PLACES

(See Note A}

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
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MECHANICAL DATA

N plastic dual-in-line package

Each of these dual-in-line packages consists of a circuit mounted on a lead frame and encapsulated within
a plastic compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics will remain stable when operated in high-humidity conditions. The packages
are intended for insertion in mounting-hole rows on 7,62 (0.300) or 15,24 (0.600) centers (see Note A).
Once the leads are compressed and inserted, sufficient tension is provided to secure the package in the
board during soldering. Leads require no additional cleaning or processing when used in soldered assembly.

14-pin N package 19,8 (0.780)
18,0 (0.710)
®® @ ® . ®
IANAWA IANANA
24 (0.093) R NOM—{—7)
¢ | 182 ‘;-205 2.8 (0.110) NOM —j 3|
| et VEVEVAVAVAVEV
(0250 0010) 0]0]6]0]0]0]0)
L 2,0 (0.080) NOM
—»! |«-1,78 (0.070) MAX 14 PLACES
=T 0,57 (0.0201 ]
0,25 (0010) 5,08 (0.200) MAX MIN
NOM i Y
K |—SEATING PLANE T 0,84 (0.033) MIN
L 14 PLACES
14 PLACES _'\\‘_036 (04 014) _,“‘_0533 (0.021)
Y PLACES 3,17 (0.125) MIN L 0381 001 0381(0.015)
(See Note B) 2,03+ 051

(0.080+ 0.020) ! <s« """ B’

4 PLACES, PIN SPACING 2,54 (0.100) T. P.

(See Note A}
Falls Within JEDEC TO-116 and EIA MO-001AA Dimensions
ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY [N INCHES

NOTES:A. Each pin centerline is located within 0,25 {0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

ejeq |ediueyosyy
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MECHANICAL DATA

N plastic dual-in-line package (continued)

16-pin N package

| 762:025
(0.300 2 0.010)
6,351 0,25

(0.250 £ 0.010)

2,0(0.080) NOM

1 ’-0,25 (0.010) NOM

2,4 (0.093) R NOM—
2,8 (0.110) NOM:

3 510020
X 05T (00
508 (0.200) MAX _ ¢

19,8 (0.780) MAX ——-l
%—@:® CIGIDIO) @

NANANANANNLA

@@@@@@@.

—»| j®—1.78 (0.070) MAX 16 PLACES

SEATING PLANE

105°
o 0,36 (0.014)
T6PLACES ) \" 0.25 (0.010)
16 PLACES
(See Note B}

Parts may be supplied in accordance
with the alternate side view at the
option of Tl plants located in Europe.
In this case, the overall length of the
package is 22,1 (0.870) max.

5,01

AR

0,84 (0.033) MIN
12 PLACES
3,17 (0.125) MIN ol | g_g’_‘g.gﬂ;
1,65 (0.065) 16 PLACES
0,38 (0.015) (See Note B)
4PLACES PIN SPACING 2,54 (0.100) T. P.

(See Note A)
ALTERNATE SIDE VIEW

~—{ |®-1,78 (0.070) MAX 16 PLACES

¥ o5 ooz ]
MIN

8 (0420‘0) MAX '

t

0,84 (0.033) MIN
16 PLACES

3,17 (0.125) M
2,41 (0.095)
1,02 (0.040)
4PLACES

0,533 (0.021)
N _-‘ l‘_ 0,387 (0.07

16 PLACES

PIN SPACING 254 (0.100) T.p. (See NoteB)
(See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTES: A. Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.
B. For solder-dipped leads, this dimension applies from the lead tip to the standoff.

18-pin N package

©
©

| 762:025
(0.300 = 0.010)

2,03 (0.080) NOM

2,36 (0.093) R NOM —
4,06 (0.160) NOM ——

23,4 (0.920) MAX ——————»

@O@.@@@.

ATANAVAVA

VAV AV AV AVAV A

AR

=)
T
0]0]6]0]0]0]0]0]0)

i 6,99 (0.275) MAX

L 0,25 (0.010) NOM

5,08 (0.2
——SEATING PLANE
1080
we
18 PLACES 9
,\\.. 0,279+ 0,076 3,17 (0.
(D 0112 0.0 003)
8 PLACES
(SSG Notes B and C)

—>{ [@— 178 (0.070) MAX 18 PLACES
051000 | |
00) max ~ MIN
f | {le- 089 (0.035 i
18 PLACES
25) MIN — o fa— 0457+ 0,076
(0.018 + 0.003)
18 PLACES
(See Notes B and C)
191 0.075) PIN SPACING 2,54 (0.100) T.P.
0,230.009) (e Note A)
4PLACES

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

E Mechanical Data

NOTES: A.

Each pin centerline is located with 0,25 (0.010) of its true longitudinal position.

B. This dimension does not apply for solder-dipped leads.
C. When solder-dipped leads are specified, dipped area of the lead extends from the lead tip to at least 0,51 (0.020) above seating

plane.

*p
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MECHANICAL DATA

P dual-in-line plastic package

this dual-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit
performance characteristics remain stable when operated under high-humidity conditions. The package
is intended for insertion in mounting-hole rows on 7,62 (0.300) centers. Once the leads are compressed
and inserted, sufficient tension is provided to secure the package in the board during soldering. Leads require
no additional cleaning or processing when used in soldering assembly.

8-pin P package le———10,2 (0.400) MAX ———»|

(ONOGONO)
-

INDEX DOT
4

N |

7,62 (0.300) TP.

| 1.78 (0.070) MAX
8 PLACES

] ]
(See Note A) O 06
|

6,35 + 0,026
(0.250 ¢ D.010)‘]

5,08 (0.200)
MAX

—LSEATING PLANE—}

GAUGEPLANE | o fo o200 _,{ 0,84 (0.033) MIN
0,76 (0.030) “MIN 8PLACES
8 PLACES 0,00 {0.000) 1 _
3,17 (0.125) 0457 £ 0,076
,&\~' o e MIN "l l*(o.ms +0.003)
(0.011 £ 0.003) 2,54 (0.100) T.P. epiaces |
8 PLACES 6 PLACES

(See Note A)

ALL LINEAR DIMENSIONS ARE IN MILLIMETERS AND PARENTHETICALLY IN INCHES

NOTE A: Each pin centerline is located within 0,25 (0.010) of its true longitudinal position.

E ejeq |edlueyos
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TI Worldwide
Sales Offices

ALABAMA: Huntsville: 500 Wynn Drive, Suite 514,
Huntsville, AL 35805, (205) 837-7530.

ARIZONA: Phoenix: 8825 N. 23rd Ave., Phoenix,
AZ 85021, (602) 995-1007.

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine,
CA 9271A, (714) 660-8187; Sacramento: 1900 Point
st Way, Suite 171, Sacramento, CA 95815,

(916) 929-1521; San Dlogo 4333 View Ridge Ave,

Suite B., San Diego, CA 92123, (619) 278-9601;
Santa Ciara: 5353 Betsy Ross Dr Santa C!ara CA
95054, (408) 980-9000; Torum:o 690 Knox St.,
Torrance, CA 90502, (213) 217-7010;

Woodland Hills: 21320 Erwin Sl Woodland Hills,
CA 91367, (818) 704-7759.

COLORADO: Aurora: 1400 S. Potomac Ave.,
Suite 101, Aurora, CO 80012, (303) 368-8000.

CONNECTICUT: Wallingford: 9 Barnes Industrial
Park Rd., Barnes Industrial Park, Wallingford,
CT 06492, (203) 269-0074.

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St.,
Ft. Lauderdale, FL 33309, (305) 973-8502;
Maitland: 2601 Maitland Center Parkway,
Maitland, FL 32751, (305) 660-4600;

Tampa: 5010 W. Kennedy Blvd., Suite 101,
Tampa, FL 33609, (813) 870- 6420.

GEORGIA: Norcross: 5515 Spalding Drive, Norcross,
GA 30092, (404) 662-7900

ILLINOIS: Arlington Ha-%hls 515 W. Algonqum
Arlington Heights, IL 60005, (312) 640-292!

INDIANA: Ft. Wayne: 2020 Inwood Dr., Ft. Wayne,
IN 46815, (219) 424-5174;

Indianapolis: 2346 S. Lynhurst Suite J-400,
Indianapolis, IN 46241, (317) 248-8555

1OWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200,
Cedar Rapids, IA 52402, (319) 395-9550.

MARYLAND: Baltimore: 1 Rutherford P,
7133 Rutherford Rd., Baltimore, MD 21207,
(301). 944-8600.

MASSACHUSETTS: Waltham: 504 Totten Pond Rd.,
Waltham, MA 02154, (617) 895-9100.

MICHIGAN: Farmington Hills: 33737 W. 12 Mile Rd.,
Farmington Hills, M1 48018, (313) 553-1500.

MIMNESOTA: Eden Prairie: 11000 W. 78th St.,
Eden Prairie, MN 55344 (612) 828-9300.

MISSOURI: Kansas City: 8080 Ward Pkwy., Kansas
City, MO 64114, (816) 523-2500;

St. Louis: 11816 Borman Drive, St. Louis,

MO 63146, (314) 563-7600.

NEW JERSEY: Iselin: 485E U.S. Route 1 South,
Parkway Towers, Iselin, NJ 08830 (201) 750-1050

NEW MEXICO: Albuquerque: 2820-D Broadbent Pkwy
NE, Albugquerque, NM 87107, (505) 345-2555.

NEW YORK: East Syracuse: 6365 Collamer Dr., East
Syracuse, NY 13057, (315) 463-9291;

Endicott: 112 Nanticoke Ave., P.O. Box 618, Endicott,
NY 13760, (607) 754-3900; Malvnlls 1 Huntington
Quadrangle Suite 3C10, 2936, Melville,
NY 11747, (516) 454- 6600 Pmslord 2851 Clover St.,
Pittsford, NY 14534, (716) 385-6770;

Poughkespsw 385 South Rd., Poughkeepsie.

NY 12601, (314) 473-2900.

NORTH CAROLINA: Charlotte: 8 Woodlawn Green,
Woodlawn Rd., Charlotte, NC 28210, (704) 527-0930;
Ral eig : 2809 Highwoods Bivd., Suite 100, Raleigh,
NC 27625, (919) 876-2725.

OHI0: Beachwood: 23408 Commerce Park Rd.,
Beachwood, OH 44122, (216) 464-6100;

Dayton: Kingsley Bldg., 4124 Linden Ave., Dayton,
OH 45432, (513) 258-3877.

OREGON: Beaverton: 6700 SW 105th St., Suite 110,
Beaverton, OR 97005, (503) 643-6758.

PENNSYLVANIA: Ft. Washington: 260 New York Dr.,
Ft. Washington, PA 19034, (215) 643-6

Coraopolis: 420 Rouser Rd 3 Airport Olhce Park,
Coraopolis, PA 15108, (412) 771-8550.

PUERTO RICO: Hato Rey: Mercantil Plaza Bldg.,
Suite 505, Hato Rey, PR 00919, (809) 753-8700.

TEXAS: Austin: P.O. Box 2909, Austin, TX 78769,
(512) 250-7655,; Richawson' 1001 E. Campbell Rd.,
Rlchardson TX 75080,

(214) 680-5082; Houston: 9100 Southwest Frwy.,
Suite 237 Houslon TX 77036, (713) 778-6592;

San Antonio: 1000 Central Parkway South,

San Antonio, TX 78232, (512) 496-1779.

UTAH: Murray: 5201 South Green SE, Suite 200,
Murray, UT 84107, (801) 266-8972.

VIRGINIA: Fairfax: 2750 Prosperity, Fairfax, VA
22031, (703) 849-1400.

WASHINGTON: Redmond: 5010 148th NE, Bldg B,
Suite 107, Redmond, WA 98052, (206) 881-3080.

'WISCONSIN: Brooktield: 450 N. Sunny Slope,
Suite 150, Brookfield, Wl 53005, (414) 785-7140.

CANADA Nepean: 301 Moodie Drnve Mauorn

Center, Nepean, Ontario, Canada,

(613) 726 1970. Rlchmond Hill; 280 Centre St. E.,
Richmond Hill LAC1B1, Ontario, Canada

(416) 884-9181; St. Laurent: Ville St. Laurent Quebec,
9460 Trans Canada Hwy., St. Laurent, Quebec,
Canada H4S1R7, (514) 335-8392.

ARGENTINA Texas Instruments Argentina
S.A.I.C.F.: Esmeralda 130, 15th Floor, 1035 Buenos
Aires, Argentina, 1+ 394- 3008.

AUSTRALIA (& NEW ZEALAND): Texas Instruments
Australia Ltd.: 6-10 Talavera Rd., North Ryde
1 ydney), New South Wales, Australia 2113

+ 887-1122; 5th Floor, 418 St, Kilda Road,
Melbourne, Victoria, Australia 3004, 3 + 267-4677;
‘1371 Phlllg Highway, Elizabeth, South Australia 5112

AUSTRIA: Texas Instruments Ges.m.b.H.:
Industi N 45 Br

2236-846210.

BELGIUM: Texas Instruments N.V. Belgium S.A.:
Mercure Centre, Raketstraat 100, Rue de la Fusee,
1130 Brussels, Belgium, 2/720.80.00.

BRAZIL: Texas Instruments Electronicos do Brasil
Ltda.: Rua Paes Leme, 524-7 Andar Pinheiros, 05424
Sao Paulo, Brazil, 0815-6166.

DENMARK: Texas Instruments A/S, Mairelundvej
46E, DK-2730 Herlev, Denmark, 2 - 91 74 00.

FINLAND: Texas Instruments Finland OY:
Tgolllssu:;nskatu 19D 00511 Helsinki 51, Flnland (90)

FRANCE: Texas
and Prod. Plant, BP 05, 06270 anleneuve Loubet

(93) 20-01-01; Paris Office, BP 67 8-10 Avenue
Morane-Saulnier, 78141 Vellzy Villacoublay,

(3) 946-97-12; Lyon Sales Office, L'Oree D’Ecully,
Batiment B, Chemin de la Forestiere, 69130 Ecully,
(7) 833-04- 46 Strasbourg Sales Omce, Le Sebastopol
3, Quai Kieber, 67055 Strasbourg Cedex,

(BB) 22-12-66; Rennes, 23-25 Rue du Puits Mauger,
35100 Rennes, (99) 31-54-86; Toulouse Sales Office,
Le Penpols—z Chemin du Plgeonnler de la Ceplere
31100 Toulouse, (61) 44-18-19; Marseille Sales Office,
Noilly Paradis— 146 Rue Paradis‘ 13006 Marseille,
(91) 37-25-30.

®
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GERMANY (Fed. Ropubllc of Gonmny) Texas
Instvumems Deutschland Gi aggertystrasse 1,
D-8050 Freising, 8161 + 80- 4591 Kurlusrs(endamm
195/196, D-1000 Berlin 15, 30 + 882-7365; Iil, Hagen

43/Kibbelstrasse, .19, D-4300 Essen, 201-24250;
Frankfurrer Allee 6-8, D-6236 Eschborm 1

06196 + 8070; Hamburgerstrasse 11, D- 2000 Hamburg
76, 040 + 220-1154, Kirchhorsterstrasse 2, D-3000
Hannover 51, 511 4648021 Maybachstrabe 1,
D-7302 Ostfildern 2- Nellngen 711 +547001;
Mixikoring 19, D-2000 Hamburg 60, 40+537+0061
Postfach 1309, Roonstrasse 16, D-5400 Koblenz,
261+35044.

HONG KONG (+ PEOPLES REPUBLIC OF CMINA)
Texas Instruments Asia Ltd., 8th Floor, Worl
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon
Hong Kong, 3+ 7221223,

IRELAND: Texas Instruments (Ireland) Limited:
Brewery Rd., Stillorgan, County Dubiin, Eire,

ITALY: Texas Instruments Semiconduttori Italia Spa:
Viale Delle Screnze, 1, 02015 Cittaducale (Rieti),
italy, 746 694.1; Via Salaria KM 24 (Palazzo Cosma),
Monterotondo Scalo (Rome), Italy, 6+9003241; Viale
Euro| 3|:sa 38-44, 20093 Cologno Monzese (Mrlano;

2 2532541; Corso Svizzera, 185, 10100 Torino, Italy,
i1 77 545 Via J. Barozzi 6 40100 Bologna, Italy, 51

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama
Fuji Bldg., 6-12, Kita Aoyama 3-Chome, Minato-ku,
Tokyo, Japan 107, 3-498- 2111; Osaka Branch 5F,
Nissho Iwai Bidg., 30 Imabashi 3- Chome,
Higashi-ku, Osaka, Japan 541, 06-204- 1881 Nagoya
Branch, 7F Daini Toyota West Bldg., 10-; 27 Meieki
4- Chome, Nakamura-ku Nagoya, Japan

450, 52-583-8691.

KOREA: Texas Instruments Supply Co.: 3rd Floor,
Samon Bldg., Yuksam-Dong, Gangnam-ku,
135 Seoul, Karea, 2+462-8001.

MEXICO: Texas Instruments de Mexico S.A.: Mexico
C“Fy AV Reforma No. 450 — 10th Floor, Mexico,
06600, 5 +514-3003

MIDDLE EAST: Texas Instruments No 13, 1st Floor
Mannai Bldg., Diplomatic Area, P. ox 26335,
Manama Bahrain, Arabian Gulf, 973+274681

NETHERLANDS: Texas Instruments Holland B.V.,
P.O. Box 12995, (Bullewijk) 1100 CB Amsterdam,
Zuid-Oost, Holland 20+5602911

NORWAY: Texas Instruments Norway A/S: PB106,
Refstad 131, Oslo 1, Norway, (2) 155090.

PHILIPPINES: Texas Instrumems Asia Ltd.: 14th
Floor, Ba- Lepanto Bldg 747 Paseo de Roxas,
Makau Metro Manila, Philippines, 2+8188987.

PORTUGAL: Texas Instruments Equipamento
Electronico (Portugal), Lda.: Rua Eng. Frederico
Ulrich, 2650 Moreira Da Maia, 4470 Maia, Portugal,
2.948-1003,

SINGAPQORE (+ INDIA, INDONESIA, MALAYSIA,
THAILAND): Texas Instruments Asia Ltd.; 12 Lorong
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate,
Republic of Smgapore 747-2255.

SPAIN: Texas Instruments Espana, S.A.: C/Jos
Lazaro Galdiano No. 6, Madrid 16, 1/458.14. 58

SWEDEN: Texas Instruments |n(ernal|onal Trade
Corporation (Sverigefilialen): Box 39103, 1
Stockholm, Sweden, 8 - 23548

SWITZERLAND: Texas Instruments, Inc., Reidstrasse
6, Cy 282953 Dietikon (Zuerich) Switzerland,
1-74¢

TAIWAN: Texas Instruments Supply Co.: Room 903,
205 Tun Hwan Rd., 71 Sung-Kiang Road, Taipei,
Taiwan, Republic of China, 2 + 521.9321.

UNITED KINGDOM: Texas |ns(rumen(s Limited:
Manton Lane, Bedford, MK41 7PA, England, 0234
67466; St. James House Welllnglon Road North,
Stockporl SK4 2RT, England 61+ 442-7162.




TT Sales Offices

ALABAMA: Huntsville (205) 837-7530.

ARIZONA: Phoenix (602) 995-1007;
Tucson (602) 624-3276.

CALIFORNIA: Irvine (714) 660-8187;
Sacramento (916) 929-0192;

San (619) 278-9601;

Santa Clara (408) 98 9000
Torrance (213) 217-7010;
Woodland Hiils (815) 704-7759.

COLORADO: Aurora (303) 368-8000.
CONNECTICUT: Wallingford (203) 269-0074.

FLORIDA: Ft. Lauderdale (305) 973-8502;
Aitamonte SMIS%A s (305) 260-2116;
Tampa (813) 87

GEORGIA: Norcross (404) 662-7900.
ILLINOIS: Arlington Heights (312) 640-2925.

INDIANA: Ft. Vhym (2!9) 424.5174;
Carmel (317) 573-64

IOWA: Cedar Rapids (319) 395-9550.
MARYLAND: Baltimore (301) 944-8600.
MASSACHUSETTS: Waltham (617) 895-9100.

MICHIGAN: Farmington Hilis (313) 553-1500;
Grand Rapids (616) 957-4200.

MINNESOTA: Eden Prairie (612} 828-9300.

MISSOURI: Kansas City (816) 523-2500;
St. Louis (314) 569-7¢ 603

NEW JERSEY: Iselin (201) 750-1050.
NEW MEXICO: Albuquerque (505) 345- 2555

NEW YORK: East Syneuu (315) 463-929
Melville (516) 454-6600; Pittsford (716) 3856770
Poughkeepsie (914) 473-2900.

NORTH CAROLINA: Chariotte (704) 527-0930;
Raleigh (919) 876-2725.

OHIO: Beachwood (216) 464-6100;
Dayton (513) 258-3877.

‘OREGON: Beaverton (503) 643-6758.
PENNSYLVANIA: Blue Bell (215) 825-9500.
PUERTO RICO: Hato Rey (809) 753-8700.
TENNESSEE: Johnson City (615) 461-2192.

TEXAS: Austin (512) 250-765!
Houston (713) 778-6582; Rlcmmlon (214) 680-5082;
San Antonio (512) 496- 1779,

UTAH: Murray (801) 268-8972.

VIRGINIA: Fairfax (703) 849-1400
WASHINGTON: Redmond (206) 881-3080.
WISCONSIN: Brookfleld (414) 785-7140.

CANADA: N.rOln. Ontario (613) 726-1970;
Richmond Hill, Ontario (416) 884-9181;
St. Laurent, Quebec (514) 336-1860.

TI Regional
Technology Centers

CALIFORNIA: |rvlm (714) 660 8140,
Santa Clara (408) 7.

GEORGIA: Norcross (404) 662:7945.
ILLINOIS: Arlington Heights (312) 640-2909.
MASSACHUSETTS: Waitham (617) 895-9197.
TEXAS: Richardson (214) 680-5066.
CANADA: Nepean, Ontario (613) 726-1970

b

Customer

Response Center

TOLL FREE: (800) 232-3200

OUTSIDE USA: (2108
am - 5 00 p.m. CST)

TI Distributors

TI AUTHORIZED DISTRIBUTORS
Arrow Electronics (U.S. and Canada)
Future Electronics (Canada)
General Radio Supply Company
Hall-Mark Electronics
Kierulff Electronics
Marshall Industries
Newark Electronics
Schweber Electronics
Time Electronics
Wyle Laboratories
Zeus Components

—OBSOLETE PRODUCT ONLY—
Rochester Electronics, Inc.
Newbur;pon Massachusetts
(617) 462-9332

ALABAMA: Arrow (205) 837-6955;
Hall-Mark (205) 837-8700; Kierulff (205) 883-6070;
Marshall (205) 881-9235; Schweber (205) 895-0480.

ARIZONA: Arrow (602) 968-4800;

Hall-Mark (602) 437-1200; Kierulff (602) 437-0750; .
Marshall (602) 968-6181; Schweber (602) 997-4874;
Wyle (602) 866-2888.

CALIFORNIA: l.on An?;InIOu County
Arrow (818) 701 "r v:
Hall-| Mark (818) 7167300 (714) 66

(213) 217-8400; Kierulff (213) 725-0325 (714) 7315711,
(714) 220—6 ; (818) 407-;

Marshall (818] 4070101 (818)’ 459-5500

(714) 458-5395; Schwebor (818) 999-

(714) 863-0200; (213) 327-8409; Wyle (213) 322-9953;
(818) 880-9000, (714) 863-9953; Zeus (714) 921-9000;
Sacramento: Hall-| Mark (916) 7:

Marshau (915) 635-9700; Schweber 1915) 929-9732;
Wyle (916) 638-5282;

lox(o Arrow (8 9) 565-4800;

Haﬂ Mark (619) 268-1201 Kle(ul" (619) 278-2112;
Marshall (619) 578-9600; Schweber (619) 450-0454;
Wyle (619) 565-9171;

San Francisco Bay Area: Arrow (408) 745-6600;
(415) 487-4600; Hall Mark (408) 432-0900;

Kierulff (408) 971-2600; Marshait (‘OB) 942 2-4600;
Schweber (408) 432-7171; Wyle (408) 727-2500;
Zeus (408) 998-5121.

COLORADO: Arrow (303) 696-1111;

Hall-Mark (303) 790-1662; Kierulft (303) 790-4444;
Marshall (303) 451-8444; 'Schweber (303) 799-0258;
Wyle (303) 457-9953.

CONNECTICUT: Arrow (203) 265-7
Hall-Mark (203) 269-0100; Kierulft (203) 265-1115;
Marshall (203) 265-3822; Schweber (203) 748-7080.

FLORIDA: Fi. Lauderdale: Arrow (305) 429-8200;
Hall-Mark (305) 971-9280; Kierulff (305) 486- 4004
Marshall (305) 977-4880; Schwebor (305) 977- 7511
Orlando: Arrow (305) 725-1

Hall-Mark (305) 855-4020; Klewl" (305) 682-6923;
M amll (305) 841-1878; Schweber (305) 331-7555;

5-3000;
III< ark (8!3) 530-4543;

(813) 576-1399.

GEORGIA: Arrow (40‘) 449-8252;

Hall-Mark (404) 447-8000; Kierulff (404) 447-5252;
Marshall (404) 923-5750; Schweber (404) 449-9170.

ILLINOIS: Arrow (312) 397-3440;

Hall-Mark (312) 860-3800; Kierulft (312) 250-0500;
Marshall (312) 490-0155; Newark (312) 784-5100;
Schweber (312) 364-3750.

INDIANA: Indianapolis: Arrow (317) 243.9353;
Hall-Mark (317) 872-8875; Marshall (317) 297-0483

IOWA: Arrow (319) 395.7230;
Schweber (319) 373-1417.
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KANSAS: Kansas City: Arrow (913) 541
Hall Mark (913) 888-4747; Marshall (913) 492 3121
Schweber (913) 492-2921.

MARYLAND: Arrow (301) 995.

Hall-Mark (301) 988-9800; x.erum (30') 840-1155;
Marshall (301) 840-9450; Schweber (301) 840-5900;
Zeus (301) 997-1118.

MASSACHUSETTS: Arrow (617) 933-8130;
Hall-Mark (617) 667.0902; Kierulff (617) 667-8331;
Marshall (617) 658-0810; Schweber (617) 275-5100,
(617) 857-0760; Time (617) 532-6200;

Zeus (617) 863-8800.

MICHIGAN: Detroit: Arrow (313) 971-8220;
Marshall (313) 525- 5850 Nswark (313) '967-0600;
Schweber (313) 525-8

Grand Rapids: Arrow (616) 2430912,

MINNESOTA Avrow (612) 830-1800;
Hall-Mark (612) 941-2600; Kierulff (612) 941.7500;
Marshall (612) 559-2211; Schweber (612) 941-5280.

MISSOURI: St. Louis: Arrow (314) 567-6888;
Hall-Mark (314) 291-5350; Kierulff (314) 997-4956;
Schweber (314) 739-0526.

NEW HAMPSHIRE: Arvow (603) 668-6968;
Schweber (603) 625-2250.

NEW JERSEY: Arrow (20!) 575-5300,

(609) 596-8000; General Radio (609) 964-8560;
Hall-Mark (201) 575-4415, (609) 235-1900;
Kierulff (201) 57 5»6750 ( (609) 235-1444;
Marshall (201) 882-0320, (609) 234-9100;
Schweber (201) 227- 7880

NEW MEXICO: Arrow (505) 243-4566.

NEW YORK: Long Island: Arrow (516) 231-1000;
Hall-Mark (516) 737-0600; Marshall (516) 273-. 2083;
Schweber (516) 33&7555 Zeus (914) 937-7400.
Rochester: Arrow (71 6) 427-0300;

Hall-Mark (716) 2 9290 Marshall (716) 235-7620;
Schweber (716) 424

Syracuse: Marshall (607) '798-1611.

NORTH CAROLINA: Arrow (919) 876- 3132
(919) 725-8711; Hall-Mark (919) 872-0712;

Kierulff (919) 872-8410; Marshall (919) 878-9882;
Schweber (919) 876-0000.

OHIO: Cleveland: Arrow (216) 248-3990;
Hall-Mark (216) 349-4632; Kierulff (216) 831-5222;
Marshall (216) 248- 1788 'Schweber (216) 464-2970.
Columbus: Arrow (614) 885-8362;
Hall-Mark (614) 88&33 3;

ayton: Arrow (513) -5563;
Kierulff (513) 43¢ 5 Marsnall (513) 236-8088;
Schweber (513) 439-1. 800.

OKLAHOMA: Arrow (918) 665-
Kierulff (918) 252-7537; $chweber (918) 622-8000.

OREGON: Arrow (503) 684-1690;
Kierulff (503) 641-9153; Wyle (503) 640-6000;
Marshall (503) 644-5050.

PENNSYLVANIA: Arrow (412) 856-7000,
(215) 928-1800; General Radio (215) 922 7037
Schweber (215) 441-0600, (412) 782-1

TEXAS: Austin: Aﬂow (512) 835-4180;

Hall-Mark (512) 258-8848; Kierulff (512) 835-2090;
Marshall (512) 837-1991; Schweber (512) 458-8253;
Wyle (512) 834-9957;

Dallas: Arrow (214) 380-6464;

Hall-Mark (214) 553-4300; Kierulff (214) 840-0110;
Marshall (214) 233-5200; Schweber (214) 661-5010;
Wyle ( 14) 235 9953; Zeus (214) 783-7010;

Hou: ow (713) 530-4700;

Hall Mark (713) 781-6100; Kierulff (713) 530-7030;
Marshall (713) 895-9200; ‘Schweber (713) 784-3600;
Wyle (713) 879-9953.

UTAH: Arrow (801) 972-0404;
Hall-Mark (801) 972-1008; Kierulff (801) 973-6913
Marshall (801) 485-1551; Wyle (80 )97

WASHINGTON: Arrow (206) 643-
Kierulff (206) 575-4420; Wyle (206) 453 -8300;
Marshall (206) 747-9100.

WISCONSIN: Arrow (414) 792-0150;
Hall-Mark (414) 797-7844; Kierulff (414) 784-8160;
Marshall (414) 797-8400; Schweber (414) 784-9020.

CANADA Cllqlry Future (403) 235 5325;
Fu(uva( 103) 438-2f

Monl Arrow Canada (514) 735- 5511;

Future (514) 694-7710;

Ottawa: Arrow Canada (613) 226-6903;

Future (613) 820-8313;

Quebec City: Arrow Canada (418) 687-4231;

Toronto: Arrow Canada (416) 672-7769;

Future (416) 638-4771;

Vancouver: Future (604) 294-1166;

Winnipeg: Future (204) 339-0554.
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