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USE IN LIFE SUPPORT MUST BE EXPRESSLY AUTHORIZED
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use provided in the labeling, can be reasonably expec- veness.
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SGS-THOMSON MODEM ICs:
A COMMITMENT TO EXCELLENCE

SGS-THOMSON Microelectronics has
been a key player in the modem IC mar-
ket for a long time, accumulating exper-
tise in developing public telephone
network modems — V.23, V.22bis, V.32
and others — and exploiting strong ma-
nufacturing resources to produce them
in quantity.

- For this market the company employs
technologies that are ideally suited to mi-
xed analog/digital circuits, from a 3 mi-
cron double poly to 1.2 micron double
metal CMOS processes allowing swit-
ched capacitor filtering and high density
logic.

Active in a broad spectrum of telecom
applications, SGS-THOMSON's design
and manufacturing engineers have expe-
rience in leading-edge circuits such as
<the ISDN echo canceller and S Interfa-
ce transceivers. Moreover, the company
is unique in combining expertise in ana-
log conversion and filtering circuits —
exemplified by the Analog Front Ends —
and in digital signal processing techni-
ques such as automatic adaptive equa-
lization, digital filter carrier recovery and
echo cancellation.

In addition to Modem ICs, this databook
includes a family of general purpose
DSPs that are used in modem datapump
design and other telecom applications.

INTRODUCTION
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V. 32 - With the SGS-THOMSON TS7532 kit you
can build a V. 32 datapump with less than 10 chips.
The Kit consist of three DSPs and three Analog
Front End ICs.

To simplify application software develop-
ment the DSP family is supported by po-
werful development tools, including
emulators, EPROM modules, cross as-
semblers simulators, and even a C com-
piler. Thanks to this set of tools, the users
may adapt the SGS-THOMSON applica-
tion software to suit their own specific
needs.




YOUR PARTNER FOR CUSTOMIZED
MODEM ICs

SGS-THOMSON Microelectronics has a
long history of close cooperation with
major customers in the development of
modem ICs, putting the company in an
enviable situation for the definition of
new dedicated or custom products for
this market. This capability is further en-
hanced by the combination of analog and

INTRODUCTION

digital functions on the same chip that is
permitted by new generation techno-
logies.

This databook may contains the solution
you are looking for, but if you have new
ideas or a highly specific application con-
tact SGS-THOMSON to discuss customi-
zed solutions.

gl @
— BT 18636/51 DEVELOPMENT SYSTEM

. Development support - SGS-THOMSON's: Digital Signal Processor (DSP) family is supported by a com-
. prehensive range of hardware and software development tools.
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{vy SGS-THOMSON
I iicRoELECTRONICS EF7910

V.21 /V.23 FSK MODEM

s COMPLETE FSK MODEM - JUST ADD LINE
INTERFACE

s COMPATIBLE WITH BELL 103/113/108, BELL
202, CCITT V.21, CCITT V.23 SPECIFICA-
TIONS

= NO EXTERNAL FILTERING REQUIRED

s ALL DIGITAL SIGNAL PROCESSING, DIGITAL
FILTERS AND ADC/DAC INCLUDED ON-CHIP

» INCLUDES ESSENTIAL RS-232/CCITT V.24
HANDSHAKE SIGNALS

s AUTO-ANSWER CAPABILITY

» LOCAL COPY/TEST MODES

= 1200 BPS FULL DUPLEX ON 4-WIRE LINE

s PIN-PROGRAMMABLE MODE SECTION

CERDIP28
DESCRIPTION (Cerdip Package)

The EF7910 is a single-chip asynchronous Fre-
quency Shift Keying (FSK) voiceband modem. It is
pin selectable for baud rates of 300, 600, or 1200
bits per second and is compatible with the applica-
ble Bell and CCITT recommended standards for
103/113/108, 202, V.21 and V.23 type modems.
Five mode control lines select a desired modem

(Ordering Information at the end of the data-sheet)

configuration.
Digital signal processing techniques are employed PIN CONNECTIONS
in the EF7910 to perform all major functions such DIP/CERDIP28

as modulation, demodulation and filtering. The
EF7910 contains on-chip analog-to-digital and digi-

e N aliemwo

tal-to-analog converter circuits to minimize the ex- e o1
ternal components in a system. This device includes Vee2 27[]8C0 —
the essential RS-232/CCITT V.24 terminal control = ::g:_g e

. N 88 -
signals with TTL levels. ) re]s 2 xmauy e
Clocking can be generated by attaching a crystal to cary 6 3 gxnl_;
drive the internal crystal oscillator or by applying an capy []7 22 JpGND
external clock signal. -— v lé 8 2 gw

A 9 20 MC;

A data access arrangement (DAA) or acoustic cou- °2§ e 1 :],,,c:
pler must provide the phone line interface external- gRTs 1 18[Imey
ly. ATs [z 17 IMeo
The EF7910 is fabricated using HMOS technology. = = It . g:: .
All the digital input and output signals (except the
external clopk signal) are TTL compatible. Power M8SEF7910-01
supply requirements are + 5 volts.
January 1989 1/31
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EF7910

INTERFACE SIGNAL DESCRIPTION

MCo - MC4 (control inputs)

These five inputs select one of thirty-two modem
configurations according to the Bell or CCITT spe-
cifications listed in table 1. Only 19 of these 32
modes are actually available to the user.

Modes 0-8 are the normal operation modes. The
1200 Baud modes can be selected with or without
a compromise equalizer.

Modes 16-25 permit loop back of the EF7910 trans-
mitter and receiver. No internal connection is made.
The user must externally connect the TRANSMIT-
TED CARRIER pin (figure 1) to the RECEIVED
CARRIER pin if analog loopback is required. For di-
gital loopback, external connection of RECEIVED
DATA and TRANSMITTED DATA is required. Whe-
never a mode in this group is selected, the effect is
to set all transmit and receive filters to the same
channel frequency band so that loopback can be
performed.

Modes 9-15 and 26-31 are reserved and should not
be used.

DATA TERMINAL READY (DTR)

A LOW level on this input indicates the data termi-
nal desires to send and/or receive data via the mo-
dem. This signal is gated with all other TTL inputs
and outputs so that a low level enables all these si-
gnals as well as the internal control logic to function.
A HIGH level disables all TTL I/O pins and the inter-
nal logic.

REQUEST TO SEND (RTS)

A LOW level on this input instructs the modem to
enter transmit mode. This input must remain LOW
for the duration of data transmission. The signal has
no effect if DATA TERMINAL READY is HIGH (di-
sabled). A HIGH level on this input turns off the
transmitter.

CLEAR TO SEND (CTS)

This output goes LOW at the end of a delay initia-
ted when REQUEST TO SEND goes LOW. Actual
data to be transmitted should not be presented to
the TRANSMITTED DATA input until a LOW is in-
dicated on the CLEAR TO SEND output. Normally
the user should force the TD input HIGH whenever
CTS is off (HIGH). This signal never goes LOW as
long as DTR is HIGH (disabled). CLEAR TO SEND
goes HIGH at the end of a delay initiated when RE-
QUEST TO SEND goes HIGH.

CARRIER DETECT (CD)

A LOW on this output indicates that a valid carrier
signal is present at the receiver and has been pre-
sentfor at least a time, tcoon, where tcpon depends
upon the selected modem configuration (Table 3b).
A HIGH on this output signifies that no valid carrier
is being received and has not been received for a
time, tcporr. CARRIER DETECT remains HIGH
when DTR s HIGH. Values for tcoon and tcporr are
configuration dependent and are listed in table 3b.

TRANSMITTED DATA (TD)

Data bits to be transmitted are presented on this in-
put serially ; HIGH (mark) corresponds to logic 1 and
LOW (space) corresponds to logic 0. This data de-
termines which frequency appears at any instant at
the TRANSMITTED CARRIER output pin (table 3a).
No signal appears at the TRANSMITTED CARRIER
output unless DTR is LOW and RTS is LOW.

RECEIVED DATA (RD)

Data bits demodulated from the RECEIVED CAR-
RIER input are available serially at this output. HIGH
(mark) indicates logic 1 and LOW (space) indicates
logic 0. Under the following conditions this output is
forced to logic 1 because the data may be invalid :

1. When CARRIER DETECT is HIGH

2. During the internal squelch delay at half-duplex
line turn around (202/V.23 modes only)

3. During soft carrier turnoff at half-duplex line turn
around (202 mode only)

4. When DTR is HIGH

5. When RTS ON and BRTS OFF in V.23/202
modes only

6. During auto-answer sequence

BACK REQUEST TO SEND (BRTS)

Since the 1200 bps modem configurations, Bell 202
and CCITT V.23, permit only half duplex operation
over two-wire lines, a low baud rate "backward"
channel is provided for transmission from the main
channel receiver to the main channel transmitter.
This input signal (BRTS) is equivalent to REQUEST
TO SEND for the main channel, except it belongs to
the backward channel. Note that since the EF7910
contains a single transmitter, RTS and BRTS should
not be asserted simultaneously. BRTS is meaning-
ful only when a 202 or V.23 mode is selected by
MCo-MCa. In all other modes it is ignored.

L7 S5s-THOMSON 31
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EF7910

For V.23 mode the frequency appearing at the trans-
mitted carrier (TC) output pin is determined by a
MARK or SPACE at the back transmitted data (BTD)
input (table 3a).

For 202 mode a frequency of 387 Hz appears at TC
when BRTS is LOW and BTD is HIGH. No energy
(0.0 Volt) appears at TC when BRTS is LOW and
BTD is HIGH. No energy (0.0 volt) appears at TC
when BRTS is HIGH. BTD should be fixed HIGH for
202 back channel transmission. The signal, BRTS,
thenis equivalentto the signal, Secondary Request-
to-Send, for 202 S/T modems, or Supervisory
Transmitted Data for 202 C/D modems.

BACK CLEAR TO SEND (BCTS)

This line is equivalent to CLEAR TO SEND for the
main channel, except it belongs to the back chan-
nel. BCTS is meaningful only when a V.23 mode is
selected by MCo-MCa. This signal is not used in Bell
202 back mode.

BACK CARRIER DETECT (BCD)

This line is equivalent to CARRIER DETECT for the
main channel, except it belongs to the backward
channel. BCD is meaningful only when a202or V.23
mode is selected by MCo-MCa. For V.23 back chan-
nel mode, BCD turns on when either the MARK or
SPACE frequency appears with sufficient level at
the received carrier (RC) input.

For 202 back channel mode, BCD turns on in res-
ponse to a 387 Hz tone of sufficient level at the RC
input. In this case BCD is equivalent to the signal,
Secondary Received Line Signal Detector, for 202
S/T modems, or Supervisory Received Data for 202
C/D modems.

BACK TRANSMITTED DATA (BTD)

This line is equivalent to TRANSMITTED DATA for
the main channel, except it belongs to the back
channel. BTD is meaningful only whena 202 or V.23
mode is selected by MCo-MCa4. For 202 back trans-
mission of on/off keying, BTD should be fixed at a
HIGH level.

BACK RECEIVED DATA (BRD)

This line is equivalent to RECEIVED DATA (except
clamping) for the main channel, except it belongs to
the back channel. BRD is meaningful only when a
V.23 mode is selected by MCo-MC4. Under the fol-
lowing conditions this output is forced HIGH :

1. BRD HIGH

2. DTRHIGH

3.V.21/103 mode

4. During auto-answer

481 Ly7 S5S-THOMSON

5. When BRTS ON and RTS OFF in V.23 modes
only

TRANSMITTED CARRIER (TC)

This analog output is the modulated carrier to be
conditioned and sent over the phone line.

RECEIVED CARRIER (RC)

This input is the analog signal received from the
phone line. The modem extracts the information
contained in this modulated carrier and converts it
into a serial data stream for presentation at the RE-
CEIVED DATA (BACK RECEIVED DATA) output.

RING

This input signal permits auto-answer capability by
responding to a ringing signal from a data access
arrangement. If a ringing signal is detected (RING
LOW) and DTR is LOW, the modem begins a se-
quence to generate an answer tone at the TC out-
put.

XTAL1, XTAL2

Master timing of the modem is provided by either a
crystal connected to these two inputs or an external
clock inserted into XTAL+. The value of the crystal
or the external clock frequency must be
2.4576 MHz + 01 %.

Vee
+ 5 volt power supply (£ 5 %)

VBB
— 5 volt power supply (+ 5 %).

DGND
Digital signal ground pin.
AGND

Analog signal ground pin (for TRANSMITTED CAR-
RIER and RECEIVED CARRIER).

CAP+4, CAP2

Connection points of external capacitor/resistor re-
quired for proper operation of on-chip analog-to-di-
gital converter.

Recommended values are : C =2 nF £ 10 %,
R=100Q+ 10 %.
RESET

This input signal is for a reset circuit which operates
in either of two modes. It automatically resets when
power is applied to the device, or it can be activated
by application of an external active low TTL pulse.

MICROELECTROMNICS
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Table 1.

MC, M

3
=

N
=

-

=
[¢]
o

0

Bell 103 Originate 300 bps Full Duplex

Bell 103 Answer 300 bps Full Duplex

Bell 202 1200 bps Half Duplex

Bell 202 with Equalizer 1200 bps Half Duplex

CCITT V.21 Orig 300 bps Full Duplex

CCITT V.21 Ans 300 bps Full Duplex

CCITT V.23 Mode 2 1200 bps Half Duplex

CCITT V.23 Mode 2 with Equalizer 1200 bps Half Duplex
CCITT V.23 Mode 1600 bps Half Duplex

Reserved

Bell 103 Orig Loopback

Bell 103 Ans Loopback

Bell 202 Main Loopback

Bell 202 with Equalizer Loopback

CCITT V.21 Orig Loopback

CCITT V.21 Ans Loopback

CCITT V.23 Mode 2 Main Loopback

CCITT V.23 Mode 2 with Equalizer Loopback
CCITT V.23 Mode 1 Main Loopback

CCITT V.23 Back Loopback

B e T e I e o NeoNeoNoNoReNoll foloNoNoNoNeoNoNe)

42424444121 00000000 (2222 4222000000000
-2+ a2s00|l00+4 2200002222000 |l02a2 220000
200+~ |l00~—200~+—00Q0|»=00~—20|l0O=2=200=—00|qQ

Reserved

- 04020 |-0-+0—20-2+20—-+0|-0—+20—220—22|0O+20—+20—+0—+0

Figure 1 : Loopback Configurations.

DATA

TERMINAL DIGITAL

LOOPBACK

__?:m T TER

EF7910

r_

TC

LOOPBACK PHONE

]
Q | ] N UNE
S e E

I

—0 Tx
wac

MB88EF7910-03

5/31

by SETmeoN

17




EF7910

THEORY OF OPERATION

The EF7910 MODEM consists of three main sec-
tions, shown in the block diagram - Transmitter, Re-
ceiver, and Interface Control.

TRANSMITTER (modulator)

The transmitter, shown in figure 2 receives binary
digital data from a source such as a UART and
converts the data to an analog signal using frequen-
cy shift keying (FSK) modulation. This analog signal
is applied to the phone line through a DAA or acou-
stic coupler. FSK is a modulation technique which
encodes one bit per baud. A logic one applied to the
TRANSMITTED DATA (TD) input causes a sine
wave at a given frequency to appear at the analog
TRANSMITTED CARRIER (TC) output. A logic ze-
ro applied to input TD causes a sine wave of a dif-
ferent frequency to appear at the TC output. As the
data at the TD input switches between logical one
and zero, the TC output switches between the two
frequencies. In the EF7910 this switching between
frequencies is phase continuous. The frequencies
themselves are digitally synthesized sine functions.

The frequencies for each modem configuration
available in the EF7910 are listed in table 3a.

The process of switching between two frequencies
as in FSK generates energy at many more frequen-
cies than the two used in the modulation. All the
transmitted information can be recovered from a fre-
quency band B Hz wide, where B is the bit rate or
maximum rate of change of the digital data at the
TD input. This band is centered about a frequency,
fc,

where fc = f1 + (f2— f1)/2

(f1 = lower of two FSK frequencies)

(f2 = higher of two FSK frequencies)

In addition to this primary information band, there

Figure 2 : Transmitter Block Diagram.

exist side bands containing redundant information.
It is desirable to attenuate these bands for two rea-
sons :

1. The phone companies have specifications on the
amount of energy allowed in certain frequency
bands on the line.

2. If two independent information channels are pre-
sent simultaneously on the line (e.g. 300 bps full
duplex or 1200 bps half duplex with back), the re-
dundant transmitter components may fall in the
frequency band of the local receiver channel and
interfere with detection. In the EF7910 these re-
dundant and undesirable components are atte-
nuated by digital bandpass filters.

Following the digital bandpass filters, the filtered
FSK signal is converted to an analog signal by an
on-chip DAC operating at a high sample rate. This
analog FSK signal is finally smoothed by a simple
on-chip analog low pass filter.

RECEIVER (demodulator)

A simplified block diagram of the EF7910 FSK re-
ceiver is shown in Figure 3. Data transmitted from a
remote site modem over the phone line is an FSK-
modulated analog carrier. This carrier is applied to
the RECEIVED CARRIER (RC) pin via a DAA or
acoustic coupler. The first stage of the demodulator
is a simple on-chip analog low pass anti-alias filter.
The output of this is converted into digital form and
filtered by digital bandpass filters to improve the si-
gnal to noise ratio and reject other independent
channel frequencies associated with the phone line
in the case of full duplex configuration. The band-
pass filtered output is digitally demodulated to reco-
ver the binary data. A carrier detect signal is also di-
gitally extracted from the received line carrier to in-
dicate valid data.

MCo-MCy

Y

e DIGITAL
| LML o> SYNTNESIZER BANDPASS

FILTERS
FROM

TO DAA
OR

UART

ACOUSTIC
COUPLER

MB8BEF7910-04
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Figure 3 : Receiver Block Diagram.
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INTERFACE CONTROL

This section controls the handshaking between the
modem and the local terminal. It consists primarily
of delay generation counters, two state machines
for controlling transmission and reception, and
mode control decode logic for selecting proper
transmit frequencies and transmit and receive filters
according to the selected modem type. Inputs and
outputs from this section are as follows :

REQUEST TO SEND (Main and Back)
CLEAR TO SEND (Main and Back)
CARRIER DETECT (Main and Back)
RING

MCO0-MC4

DATA TERMINAL READY

Internal logic clamps protocol signals to different le-
vels under certain conditions (e.g., initial conditions).

When Bell 103/113 and V.21 modem configurations
are selected, the back channel signals are non-func-
tional.

Figures 6 and 7 depict the sequencing of the two
state machines. State machine 1 implements main
or back channel transmission and the auto-answer
sequence. State machine 2 implements reception
on main or back channel.

The state machine powers on to the state labelled
INITIAL CONDITIONS. Handshake signals are set
to or assumed to be the levels listed in table 2. The
machine then waits for DATA TERMINAL READY
(DTR) to be turned on. Whenever DTR is turned to
the OFF state from an ON condition, each state ma-
chine and external signals return to the initial condi-
tions within 25 microseconds. After DTR is turned

LNy SGS-THOMSON
’l MICROELECTRONICS

ON the EF7910 becomes operational as a modem
and the state machines proceed as depicted in the
flowcharts.

The definitions of the terms Full Duplex and Half Du-
plex used in these flowcharts are depicted below
(figs. 4 and 5). "Full Duplex" applies to all 103/113,
V.21 modes. "Hall Duplex" applies to 202 and V.23,
both forward and backward channel.

Full Duplex : Data can be transmitted and received
simultaneously at a rate of 300 baud. Two inde-
pendent 300 Hz channels are frequency multiplexed
into the 3000 Hz bandwidth of the phone line. The
EF7910 configurations for the Bell 103/113 and
CCITT V.21 can be operated full duplex.

Half Duplex : In half duplex with back channel, the
modem may transmit at 1200/600 baud and receive
at 5/75 baud. Alternatively it may transmit at 5/75
baud and receive at 1200/600 baud. Examples are
Bell 202 and CCITT V.23.

Table 2 : Initial Conditions

Data Terminal Ready (DTR) OFF
Request to Send (RTS) OFF
Clear to Send (CTS) OFF
Transmitted Data (TD) Ignored
Back Channel Request to Send (BRTS) OFF
Back Channel Clear to Send (BCTS) OFF
Back Channel Transmitted Data (BTD) Ignored
Ring (RING) ___ OFF
Carrier Detect (CD) OFF
Received Data (RD) - MARK
Back Channel Carrier Detect (BCD) OFF
Back Channel Received Data (BRD) MARK

7/31
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EF7910

Table 3 (a) : Frequency Parameters.

Transmit Receive Answer
?'a‘t'd Frequency Frequency Tone
ate
Modem (BPS) Duplex Space Mark Space Mark Freq.
Hz Hz Hz Hz Hz
Bell 103 Orig 300 Full 1070 1270 2025 2225
Bell 103 Ans 300 Full 2025 2225 1070 1270 2225
CCITT V.21 Orig 300 Full 1180 980 1850 1650
CCITT V.21 Ans 300 Full 1850 1650 1180 950 2100
CCITT V.23 Mode 1 600 Half 1700 1300 1700 1300 2100
CCITT V.23 Mode 2 1200 Half 2100 1300 2100 1300 2100
CCITT V.23 Mode 2 Equalized 1200 Half 2100 1300 2100 1300 2100
Bell 202 1200 Half 2200 1200 2200 1200 2025
Bell 202 Equalized 1200 Half 2200 1200 2200 1200 2025
CCITT V.23 Back 75 450 390 450 390
Bell 202 Back 5 * * o **
* (BRTS LOW) and (BTD HIGH) : 387 Hz at TC ** 387 Hz at RC : BCD LOW
* (BRTS HIGH) or (BTD LOW) : 0 volt at TC ** No 387 Hz at RC : BCD HIGH
* Meets new CCITT R20 frequency tolerance.
Frequency tolerance is less than + 0.4 Hz with 2.4576 MHz Crystal. Except Bell 202 which is + 1 Hz (1200 Hz, mark).
Table 3 (b): Timing Parameters (refer to figures 9, 10 and 11 for timing diagrams).
- Bell 103 | Bell 103 | Bell 202 | Bell 202 | Bell 202 :
Symbol Description Unit
4 P Orig Ans EQ Back
tRe (on) Request-to-Send to 208.3 208.3 183.3 183.3 msec
Clear-to-Send ON Delay +0.3%
tre (o) | Request-to-Send to 0.5 0.5 0.5 0.5 msec
Clear-to-Send OFF Delay +0.25 %
tBrc (on) | Back Channel Request-to-Send msec
to Clear-to-Send ON Delay +0.64 %
tBRe (off) | Back Channel Request-to-Send msec
to Clear-to-Send OFF Delay + 25 %
tcp (on) | Carrier Detect ON Delay 94-106 | 94-106 18-22 18-22 msec
tcp (off) Carrier Detect OFF Delay 21-40 21-40 12.4-23.4 | 12.4-23.4 msec
tecp (on) | Back Channel Carrier Detect 17-25 msec
ON Delay
teco (o) | Back Channel Carrier Detect 21-38 msec
OFF Delay
taT Answer Tone Duration 1.9 1.9 1.9 sec £ 0.44
%
tsi Silence Interval before 1.3 1.3 1.3 1.3 sec + 0.64
Transmission %
tsa Receive Squelch Duration 156.3 156.3 msec
+3.3%
tsTo Transmitter Soft Turn-Off 24 24 msec
Duration +2.3 %
tri Minimum RI Low Duration 25 25 25 us
LNy SGS-THOMSON 91
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Table 3 (c): (continued).

ccItT | ceitT | ceitt | ceirt | CCITT | ceirr
Symbol Description v.21 v.21 v.23 v.es | V.23 v.23 Unit
Orig Ans |Mode 1 | Mode 2 M°Edg 2| Back
tre (on) Request-to-Send to 400 400 208.3 208.3 208.3 msec
Clear-to-Send ON Delay| +0.3%
trc (offy | Request-to-Send to 05 0.5 0.5 0.5 05 msec
Clear-to-Send OFF +0.25 %
Delay
terc (on) | Back Channel 823 | msec
Request-to-Send to +0.64 %
Clear-to-Send ON Delay
terc (offy | Back Channel 0.5 msec
Request-to-Send to +25%
Clear-to-Send OFF
Delay
tep on) | Carrier Detect ON 301-312 | 301-312 | 11.4-15.4 | 11.4-16.4 (11.4-15.4 msec
Delay
tep (off) Carrier Detect OFF 21-40 21-40 5.4-13.3 | 5.4-13.3 | 5.4-13.3 msec
Delay
tecp (on) | Back Channel Carrier 17-25 msec
Detect ON Delay
teco (off) | Back Channel Carrier 21-38 msec
Detect OFF Delay
taT Answer Tone Duration 3.0 3.0 3.0 3.0 sec
+0.44 %
tsiL Silence Interval before 19 1.9 1.9 1.9 1.9 sec
Transmission + 0.64 %
tsa Receiver Squeich 156.3 156.3 156.3 msec
Duration +3.3%
tsto Transmitter Soft msec
Turn-Off Duration +2.3%
th Minimum RI Low 25 25 25 25 us
Duration
CALL ESTABLISHMENT wer tone from the called modem and place the cal-

Before two modems can exchange data, an electri-
cal connection through the phone system must be
established. Although it may assist in call establish-
ment, a modem typically does not play a major role.
A call may be originated manually or automatically
and it may be answered manually or automatically.

Manual Calling - Manual calling is performed by a
person who dials the number, waits for an answer,
then places the calling modem into data transmis-
sion mode.

Automatic Calling - Automatic calling is typically per-
formed by an automatic calling unit (ACU) which ge-
nerates the appropriate dialing pulse or dual-tone
sequence required to call the remote (called) mo-
dem. The ACU also has the ability to detect an ans-

10/31
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ling modem into data transmission mode.

Manual Answering - Manual answering is performed
by a person who hears the phone ring, lifts the re-
ceiver, causes the called modem to send an answer
tone to the calling modem, and places the called mo-
dem into data transmission mode.

Automatic Answering - Automatic answering is per-
formed by a called modem with a data access ar-
rangement (DAA). The DAA detects a ringing signal,
takes the phone circuit off-hook (corresponding to
lifting the receiver) and instructs the called modem
to commence the auto-answer sequence. Next the
called modem sends out silence on the line, follo-
wed by an answer tone. When this tone is detected

MICROELECTRONICS
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by the calling modem, the connection is considered
to have been established.

The EF7910 provides assistance for automatic ans-
wering through the RING signal as follows. Observe
the upper right-hand portion of Figure 6 (a). Assume
that DATA TERMINAL READY (DTR) has recently
been asserted to_cause exit from the_initial condi-
tions. Note that if DTR remains OFF, RING is igno-

. red. Assume also that RTS and BRTS are OFF and

that the mode control lines (MC0-MC4) select a nor-
mal modem configuration, not a loopback mode.
Automatic answering is initiated by receipt of a LOW
level at the RING input, causing entrance to the
auto-answer sequence depicted in Figure 6 (c).

The EF7910 outputs silence (0.0 volt) atits TRANS-
MITTED CARRIER (TC) output for a time, tsy,_fol-
lowed by the answer tone for a time, tat. The CAR-
RIER DETECT (CD) pin is clamped OFF and the
RECEIVED DATA (RD) signal is therefore clamped
to a MARK (HIGH) during the auto-answer_se-

 quence. Upon completion of the answer tone, CD is

released. If the mode lines (MCO-MC4) select a 202
or V.23 mode, the transmit filters are set to the for-
ward channel and the receive filters are set to the
back channel during the auto answer sequence.

At the end of the auto-answer sequence, return is
made to point A in the loop at the upper right-hand
portion of Fig. 6 (a). Note that since the answer flag
has been set, the auto-answer sequence cannot be
entered again unless DTR is first turned OFF, then
ON. At this pointthe phone line connection has been
established and data transmission or reception may
begin.

The RING input may be activated from a conditio-
ned DAA Ring indicator output for automatic answe-
ring or it may be activated by a switch for manual
answering. Tying RING HIGH will disable the auto-
answer function of the EF7910.

DATA TRANSMISSION

FULL DUPLEX. Following call establishment, full
duplex data transmission can be started by either
the called or calling modem. In other words, if the
connection has been established and the modem is
looping through point A in figure 6 (a), it no longer
matters which is the called and which is the calling
modem. Data transmission is initiated by asserting
REQUEST TO SEND (RTS). At this time the
TRANSMITTED DATA (TD) input will be released
and a modulated carrier can appear at the TRANS-
MITTED CARRIER (TC) output. Following a delay,
trcoN, CLEAR TO SEND (CTS) will turn ON. At this
time, data may be transmitted through the TD input.
It is a common protocol for the user to always pre-

Ei SGS-THOMSON

sent a MARK at the TD input before RTS is asser-
ted and during the trcon delay.

Data transmission continues until RTS_is turned
OFF. Following a short delay, trcorr, CTS turns
OFF. As soon as RTS goes OFF, the TD input is
ignored and the TC output is setto 0.0 volt (silence).
After CTS turns OFF, the state machine returns to
point A in Figure 6 (a).

HALF DUPLEX. When a half duplex mode is selec-
ted (202 or V.23), data transmission can be either
on the main channel at 1200/600 baud or on the
back channel at 5/75 baud. In normal half duplex
operation a single modem is either transmitting on
the main and receiving on the back channel or vice
versa. In the EF7910 control of the transmitter and
receiver filters to the proper channel is performed by
RTS. When RTS is asserted, the transmitter filters
and synthesizer are set to transmit on the main
channel ; the receiver filters are set to receive onthe
back channel. Therefore, whenever RTS is on,
BRTS should not be asserted since the transmitter
cannot be used for the back channel. When RTS is
OFF and a half duplex mode is selected, the trans-
mitter filters and synthesizer are set to the back
channel ; the receiver filters are set to the main chan-
nel. If RTS and BRTS are asserted simultaneously,
RTS will take precedence. However, if BRTS is as-
serted before RTS and the back channel data trans-
mission sequence has been entered (Figure 6 (b)),
RTS will be ignored until BRTS is turned OFF.

The state machine sequences for main and back
channel transmission differ slightly and are depicted
in figure 6. Assume the state machine is idling
through point A in Figure 6 (a).

MAIN CHANNEL. This transmission sequence is
entered if a 202 or V.23 mode is selected and RTS
is asserted. Since the receiver is now forced to the
back channel, the RECEIVED DATA (RD) signal is
clamped to a MARK ; and the CARRIER DETECT
signal is clamped OFF. The TRANSMITTED DATA
input (TD) is released and a carrier appears at the
TRANSMITTED CARRIER output which follows the
MARK/SPACE applied to TD. RTS turning ON ini-
tiates a delay, trcon, at the end of which the CLEAR
TO SEND (CTS) output goes LOW. When CTS
goes LOW data may be transmitted through input
TD. Data transmission continues until RTS is turned
OFF. At this time several events are initiated. First
a delay, trcoFr, is initiated at the end of which CTS
turns OFF. The TD input is ignored as soon as RTS
goes OFF. If a 202 mode is selected, a soft turn-off
tone appears at the TC output for a time, tsto, fol-
lowed by silence (0.0 volt). For both 202 and V.23
modes a squelch period, tsq, is initiated when RTS
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goes OFF. During this period the CD output is clam-
ped OFF, forcing the RD output to a MARK condi-
tion. The squelch period begins as soon as RTS
goes OFF and thus overlaps both trcorr and tsto.
At the end of the squelch period, the state machine
returns to the idle loop at point A in Figure 6 (a).

The reasons for squelch and soft-turnoff are as fol-
lows :

Soft Tum-Off : When RTS is turned OFF at the end
of a message, transients occur which may cause
spurious space signals to be received at a remote
modem. During soft turn-off the modem transmits a
soft carrier frequency for a period, tsto, after RTS is
turned OFF. This results in a steady MARK on the
RECEIVED DATA (RD) line of the remote modem.

Squelch : The local receiver must be turned OFF af-
ter RTS is OFF, until the start of carrier detect, so
that the line transients are not demodulated. The
process of disabling the receiver after RTS is turned
OFF is called squelching.

BACK CHANNEL. This transmission sequence,
shown in Figure 6 (b), is entered if a 202 or V.23
mode is selected, RTS is OFF, and BRTS is asser-
ted. The BACK CARRIER DETECT (BCD) output is
forced OFF and the BACK RECEIVED DATA (BRD)
output is clamped to a MARK. The BACK TRANS-
MITTED DATA input (BTD) is released and a car-
rier appears at the TC output which follows the
MARK/SPACE applied to BTD. Turning on BRTS
initiates a delay, tercon, at the end of which the
BACK CLEAR TO SEND (BCTS) output goes LOW.
When BCTS goes LOW data may be transmitted
through input BTD. Data transmission continues un-
til BRTS is turned OFF. The input BTD is immediat-
ly ignored and the TC output is silenced (set to 0.0
volt). Following a short delay, tercorr, the output
BCTS goes OFF. The signals BCD and BRD are re-
leased and the state machine returns to idle at point
A of figure 6 (a).

In 202 back _channel mode, BTD should be tied
HIGH. Then BRTS controls the ON/OFF keying mo-
dulation. When BRTS is LOW, 387 Hz appears at
the TC output ; when BRTS is HIGH, 0 volt appears
at TC.

DATA RECEPTION

Data reception is controlled by state machine 2 and
depicted in figure 7. At power on the machine en-
ters initial conditions and remains there until DTR is
asserted. If then loops until either CARRIER DE-
TECT (CD) orBACK CARRIER DETECT (BCD) oc-
curs.

phone connection has been established. Reception
is independent of transmission. When the receiver
detects a valid carrier for at least a time, tcpon, the
output CD is turned ON, the RECEIVED DATA (RD)
output is released, and valid data can be obtained
at RD. Datais received until the receiver detects loss
of carrier for at least a time, tcporr. At this time the
CD output is turned OFF and RD is clamped to a
MARK. The state machine returns to the idle loop at
point E.

HALF DUPLEX. As discussed in the data transmis-
sion section above, when a half duplex mode has
been selected, the signal RTS controls whether the
main channel is transmitting or receiving. The back
channel can only do the opposite from the main. If
RTS is OFF, then CARRIER DETECT may be as-
serted and the data reception sequence is identical
to that discussed above for full duplex reception. As
long as RTS remains OFF, BACK CARRIER DE-
TECT will never be asserted. If RTS is ON, then
CARRIER DETECT will never be asserted. Instead
the receiver will look for a valid carrier in the back
channel frequency band. If a valid carrier exists for
at least a time, tscoon, the output BACK CARRIER
DETECT (BCD) is turned ON, the BACK RECEI-
VED DATA (BRD) output is released and valid da-
ta can be obtained at BRD. Data is received until the
receiver detects loss of back channel received si-
gnal for at least time, tscoorr. At this time the BCD
output is turned OFF. Data output, BRD, is clamped
to a MARK if a V.23 mode is selected. For 202 back
channel mode, BCD represents the received data.
The BRD output can be ignored. The state machine
returns to the idle loop at point E.

LOOPBACK

Ten modes exist to allow both analog and digital
loopback for each modem specification met by the
EF7910. When a loopback mode is selected, the si-
gnal processing (filters, etc.) for both the transmitter
and receiver is set to process the same channel or
frequency band. This allows the analog output,
TRANSMITTED CARRIER, and the analog input,
RECEIVED CARRIER, to be connected for local
analog loopback. Alternatively the digital data si-
gnals, TD and RD or BTD and BRD, can be connec-
ted externally, allowing a remote modem to test the
local modem with its digital data signals looped
back.

When a loopback mode is selected, the state ma-
chine sequences are altered slightly. First, auto-
answer is disabled. Second, if a half duplex loop-
back mode is selected (202 or V.23), the local CAR-

FULL DUPLEX. In full duplex data reception, CAR-
RIER DETECT may appear at any time after the

Lok L7 S5s-THOMSON

RIER DETECT/BCD is not forced OFF when
RTS/BRTS is asserted.
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Figure 6 (a) : Transmit Main Channel State Diagram.
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Figure 6 (a) : Transmit Main Channel State Diagram (continued).
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Figure 6 (b) : Transmit Back Channel State Diagram.

BRD = MARK
BCD OFF

RESET SILENCE
BTD RELEASED

tarcoN
COMPLETE

BCTS ON

SEY SILENCE SET ANSWERED

BACK DATA
TRANSMISSION

BRTS OFF

BTD IGNORED
SET SILENCE

tBRCOFF
COMPLETE

BCTS OFF
BCD RELEASED

M88EF7910-10

15/31

| Oy S oneas

27



EF7910

Figure 6 (c) : Auto Answer State Diagram.
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Figure 7 : Receiver Main/Back Channel State Diagram.
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The 202 and V.23 main loopback modes allow use
in a 4-wire configuration at 1200 bps.
CLOCK GENERATION

Master timing of the modem is provided by either a
crystal connected to the XTAL1 and XTALz inputs or
an external clock applied to the XTAL; input.
CRYSTAL.

When a crystal is used it should be connected as
shown in figure 11. The crystal should be a parallel

Figure 11 : Clock Generation.

resonance type, and its value must be 2.4576 MHz
+0.01 %. Alist of crystal suppliers is shown below.

EXTERNAL CLOCK

This clock signal could be derived from one of se-
veral crystal-driven baud rate generators. It should
be connected to the XTAL1 input and the XTAL2 in-
put must be left floating. The timing parameters re-
quired of this clock are shown in figure 11 and the
values are listed in table 4.

&7

Crystal Information (fc = 2.4576 MHz)
Manufacturer P/N C+ Cz
M-Tron MP-2 | 20 pF | 20 pF
Monitor Products MM-33 | 20 pF | 20 pF
Note : Rise time of Vcc must be greater than 5 msec to insure
proper crystal oscillator start-up.
* XTAL, CLOCK )————— XTAL,
Cy
l: 2;5;5 =
XTAL2 N.C. >——— XTAL;
c,l: .
M8BEF7910-18 | M88EF7910-19
Capacitors values vary with different crystal manufacturers.
tey
tcH
Vin F
Vi
tcL
tcr tcr
0) M88EF7910-20
Table 4 : Clock Parameters.

Symbol Parameter Min. Typ. Max. Unit
tcy Clock Period 406.86 | 406.9 | 406.94 ns
teH Clock High Time 165 ns
toL Clock Low Time 165 ns
ter Clock Rise Time 20 ns
tcr Clock Fall Time 20 ns

SGS-THOMSON 23/31
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EF7910

POWER ON RESET One resistor and one capacitor must be connected
P P externally as shown in Figure 12. Values shown will
The reset circuit operates in either of two modes. work with most power supplies. Power supply (Veo)
AUTOMATIC RESET rise time should be less than one half the RC time
In this mode an internal reset sequence is automa- constant.

tically entered when power is applied to the device.

Vec )
EF7910 R 1MEG (+20%)

RESET

Figure 12 : Automatic Reset.

C 3= .087uF (+20%)

Ll

DGND

M88EF7910-21

EXTERNAL RESET applied to the RESET input. The reset must not be

In this mode the device may be forced into the re- applied until the Vce supply has reached at least
set sequence by application of an active LOW pulse ~ 3-5 V- Timing is diagrammed in figure 13.

Figure 13 : External Reset.

TIMING DIAGRAMS

ISV - —— [

DR

taL [

tor = delay from the time Vcc reaches 3.5 V and the falling edge of RESET signal (> 1 us)
tre = RESET LOW duration time (> tuck = 406 ns) MB88EF7910-22

24131 : L7 SGS:THOMSON
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EF7910

NOMINAL PERFORMANCE SPECIFICATIONS
TRANSMITTER (all modem types)

Input Data Format : Serial, asynchronous, standard
TTL levels Modulation Technique :

Binary, phase-coherent Frequency Shift Keying
(FSK)

TC Output Level : - 3 dBm into 600 Q
Frequency Accuracy :

+ 0.4 Hz all modems except Bell 202 (mark)
+ 1.0 Hz Bell 202 (mark)

Harmonics : — 45 dB from fundamental for single
tones

Delay uncertainty for TD logic input change to TC
frequency change : £8.3 us

Out-of-band energy : see figure 14

RECEIVER

Output Data Format : Serial, asynchronous, TTL le-
vels Demodulation Technique : Differential FM De-
tection

Sensitivity at Receiver Input : 0 dBm to - 48 dBm
Frequency Deviation Tolerance : + 16 Hz

Carrier Detect Threshold :

ON >-40dBm+1dB
OFF < —-43dBmz1dB
Hysteresis > 2.5dB

TEST MEASUREMENT SETUP

EF7910 performance is characterized using the test
equipment setup shown in Figure 15. The HP1645A
dataerror analyzer is used to generate 511-bit pseu-
do random binary sequences (PRBS) at Dour for
testing the modem. The 1645A also receives and
analyzes the 511-bit digital pattern at Din after it has

Figure 14 : Out-of-band Transmitter Energy.

progressed around the test loop. A reference trans-
mitter converts the digital sequence generated by
the HP1645A into an FSK signal. The FSK signal is
typically adjusted to different levels from —12 to
—45dBm. The level-adjusted FSK signal or incident
signal then passes through three pieces of equip-
ment which comprise the telephone line simulator.
The Wandel and Golterman TLN-1 and DLZ-4 simu-
late amplitude and group delay characteristics typi-
cal of a wide variety of phone lines. Line perturba-
tions, such as amplitude hits and phase hits, may
be injected by the Bradley 2A/2B.

The summing amplifier which drives the modem un-
der test has three inputs. One of these inputs is the
incident FSK signal which has been passed through
a simulated phone line. The second inputis from an
optionally filtered noise source in order to simulate
noise conditions which may be encountered on
phone lines. The third input is from the transmitter
of the EF7910 under test. This third input simulates
the adjacent channel signal seen at the input of the
EF7910 receiver due to the duplexer used on 2-wire
lines. If 4-wire testing is being performed, the adja-
cent channel would not normally be included.

The HP3551A or HP3552A Transmission Test Set
is used for measuring various levels which the mo-
dem under test is to receive. The levels of each of
the three inputs to the summing amplifier should be
measured independently of the other twoinputs. For
instance, the incident signal level should be measu-
red by the transmission test set with no adjacent
channel or noise present. The dashed line from the
noise generator shows that the noise may or may
not be measured at the output of the noise gener-
ator, depending on whether or not an optional filter
is used, or on the characteristics of the filter.

&

daB

—_————ee ]

ST ————18

M88EF7910-23

- 0|
L7 5
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EF7910

Figure 15 : BER and Distorsion Measurement Test Setup.

TRANSMITTED
BINARY
HP1645A DATA SEQUENCE REFERENCE LEVEL
ERROR ANALYZER Doyy TRANSMITTER ADJUST
AND PATTERN GEN
Din
LEVEL-ADJUSTED
FSK SIGNAL
. (INCIDENT SIGNAL)
J F
511-BIT PRBS r '
GENERATOR
(ADJACENT CHANNEL) , '
BRADLEY 2A/28
I JITTER AND HIT l
I SYNTHESIZER
RD ™ Il i
EF7910
UNDER I |
TEST
I WANDEL AND I
RC Tc GOLTERMAN
: | TN l
MODEL OF TYPICAL LEVEL
SIGNAL AS RECEIVED ADJUST
FROM TELEPHONE LINE | . l
LEVEL-ADJUSTED WANDEL AND
ADJACENT CHANNEL GOLTERMAN
SIGNAL I DLZ-4 |
TELEPHONE LINE
SIMULATOR
+
SUMMING AMPLIFIER
I ]
OPTIONAL
FILTER
HP3551A OR 3552A L
TRANSMISSION —_
TEST SET
NOISE
GENERATOR
MB88EF7910-24
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EF7910

STANDARD LOAD CIRCUIT
TEST
POINT Vec
R2
FROM Dy 19500 = 1%
OuUTPUT
UNDER O~
TEST D,
C. Ry
1 48K = 1% Dy
Dy
M88EF7910-25
Notes : 1. Ci =50 pF including stray and wiring capacitance.

1
2. All diodes are 1N3064 or equivalent.
3. All resistors are 1/8 watt.

4. Vec=5volts+ 1 %.

APPLICATIONS

Figure 17 depicts a stand-alone EF7910 configura-
tion. An op amp and three resistors provide a du-
plexor function to put the transmitter output into the
line while receiving adjacent channel data from the
line. Connection to the line is via a Data Access Ar-
rangement (DAA). Note the lack of external analog
filters. The TTL handshake signals may be level
converted to RS-232, RS-422, or V.24 using appro-
priate devices. Mode control lines are hardwired or
connected to switches.

‘7_’ SGS-THOMSON

Figure 18 depicts an application of the EF7910 with
the SGS-THOMSON Microelectronics EF6805CT
microcomputer. The duplexor/line interface is iden-
tical to the above configuration. However, the
handshake signals interface directly with the UART
included inside the EF6805CT. The mode control
lines might also be controlled by the MCU while kee-
ping the address and data bus of the EF6805CT
available for customer applications. The main fea-
tures of the EF6805CT are given at the end of this
data sheet.

27/31
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RESET
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MICROPROCESSOR OR /O INTERFACE

1/0 timer available for other applications

E (1 E op—¥ 74C08
t L — rrier detect a2
NMI Interrup! X Wi o
Interrupt 1 —— <-
IRQ []IRQ
RST Clear to send a
Reset (J RST ©
w( B2L 4
5 Dk
a
Receive data )
10 or m | 83 4-
Data bus or .
Address/Data bus B4 ‘Tﬂnmn data !
< ae
5 8
i o
R/W or OSC s
AS or 105 EF6805CT
or ISC Data terminal ready
N TG
A1D Request to send 4
° | Back request tosend |
Ao m ]% % Az hEock request to send
: a «| A3 —Mods control 0 A
’E A4 -Mode control 1 &
a5y Mosecontrotz [
AL Mode control 3 4
Ve standby — Mode control 4
for RAM EI VeeSTB | A70)
3 J
2 0a i
F O 2 X
X > 0w
(—O—{—Q
+5 W\
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20 pF

* Depending on work mode.

_ — | ring
cD Rl
B8CD 68 nF
cTs Tep—|
BCTS

2ka

RD
BRD
TD

BTD
Rcﬁ
EF7910
DTR
RS ﬁ:f Reset
BRTS 2nF
Mco CAP1
MC1
MC2 CAP2
MC3  XTAL2

+5 -5
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<

\V
600 Q

l Op amp.

[1RI
TP
Gor
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L
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EF7910

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Tstg Storage Temperature -65t0+ 125 °C
Tamb Ambient Temperature under Bias 0to+70 °C
Vce Ve with Respect to Vpanp +6/-04 \%
Ves Vg with Respect to Vpanp -6/+04 \

All Signal Voltages with Respect to Vpgnp +5 \"

The products described by this specification include
internal circuitry designed to protect input devices
from damaging accumulations of charge. It is sug-
gested, nevertheless, that conventional precautions
be observed during storage, handling and use in or-
der to avoid exposure to excessive voltages.

Stresses above those listed under "Absolute Maxi-

mum Ratings" may cause permanentdamage to the
device. This is a stress rating only and functional
operation of the device at these or any other condi-
tions above those indicated in the operational sec-
tions of this specification is notimplied. Exposure to
absolute maximum rating conditions for extended
periods may affect device reliability.

ELECTRICAL DC CHARACTERISTICS over operating range, referred to Vpgnp

0C<Ta<+70°C,Vec =+50VE5%, Vgg

=-50V+5%, VAGND =0V x50 mV, VDGND =0V

Digital Inputs : TD, RTS, MC4-MC,, DTR, RING, BTD, BRTS

Digital Outputs : RD, CTS, CD, BRD, BCTS, BCD

Symbol Parameter Min. Typ. Max. Unit
VoH Output HIGH Voltage (lon =— 50 pA, Cp =50 pF) 24 \
VoL Output LOW Voltage (loL = + 2 mA, C.p =50 pF) 0.4 \%
Vi Input HIGH Voltage 20 Vee \
Vi Input LOW Voltage - 05 +0.8 \
Vihe External Clock Input HIGH (XTAL+) 3.8 Vee \'
ViLe External Clock Input LOW (XTAL;) -05 0.8 Vv
ViHR External Reset Input HIGH (RESET) 3.8 Vee \
ViLr External Reset Input LOW (RESET) -05 0.8 \

I Digital Input Leakage Current (0 < Viy < Vce) -10 +10 MA
lcc Vcc Supply Current 125 mA
g Vgg Supply Current 25 mA
Cout Output Capacitance (fc = 1.0 MHz) 5 15 pF
Cin Input Capacitance (fc = 1.0 MHz) 15 pF
ANALOG INPUT (RC) :
Rin Input Resistance (- 1.6 V< Vge <+ 1.6 V) 50 kQ
VRre Operating Input Signal -16 +1.6 \"
VRgcos Allowed DC Input Offset (REF Vagnb) - 30 + 30 mV
ANALOG OUTPUT (TC) :
V1c Output Voltage (RL =600 Q) - 14 + 1.1 \"
Vrcos Output DC Offset + 200 mV
= o7 Al
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EF7910

ORDERING INFORMATION

Part Number Temperature Range Package
EF7910PL 0to 70 °C DIiP 28
EF7910JL 0to 70 °C CERDIP28

PACKAGE MECHANICAL DATA
28 PINS — PLASTIC PACKAGE

e=254(2) 4.57 max.
e,e e ,e,e ee ee ;‘_M*-Q_.‘
0.51 min.
Y 0.51 min.
T o :
5.08mox il | ' i i I I |
TTRRRARAR B
I !
| }——3-‘ 038 | o 02
: 39 0508 ’L—o_j
! | 15.24
| (2)

28 15
Huiminieliainisisininisinisist

Datum (1) Nominal dimension

19 _____ I (2) True geometrical position
Or

o
R I_II_IUUI_IULJLJI_IUI_ILJL’.‘I:
7 d

38.1 max. - 14
m

‘ 2 B Pins

‘7’ %u@%@grﬁgm@u@s
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{vy SGS-THOMSON
I GicRoELECTRONICS TS7513

SINGLE CHIP ASYNCHRONOUS FSK MODEM

= MONOLITHIC DEVICE INCLUDING BOTH
TRANSMIT AND RECEIVE FILTER

= PROGRAMMABLE MODES :
- 75 BDS TRANSMIT / 1200 BDS RECEIVE
- 1200 BDS TRANSMIT / 75 BDS RECEIVE
- 1200 BDS FULL DUPLEX ON 4 WIRE LINE
- ANALOG LOOPBACK

= FIXED COMPROMISE LINE EQUALIZER

. EigEIVE AND TRANSMIT CLOCKS FOR (Ordering Information at the end of the datasheet)

= STANDARD LOW  COST CRYSTAL
(3.579 MHz)

m £5% POWER SUPPLIES (+5V,-5V)

s DTMF FILTER AND TAX REJECTION NOTCH-
FILTER (kit with EFG7189 DTMF)

PIN CONNECTIONS

= 3.579 MHz CLOCK OUTPUT AVAILABLE test (1 U 22[J merac
RTS q 2 21 [J Tx0
GNDD [ 3 20 (] cik
vt [a 19 [ RxCLK
rRFO []5 18 [ TxcLK
aTo (6 17 (] xtal IN
Oz
DESCRIPTION v O . 16 (1 xtal oUT
The TS7513 is a single chip asynchronous frequen- DTMF C 151 R_'?'_
cy shift keying voice-band modem. Operating at RAl ]9 14 [] ©6CD
rates up to 75, 1200 bit per second, it is compatible GNDA [ 10 13[] RxD
with the applicable CCITT recommended standards rsa M 11
for V.23 type modems. This device provides the es- 12[] VREF
sential CCITT V.24, V.25 and V.54 terminal control MBBTS7513-01
signals at TTL levels.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
V* Supply Voltage +7V \
\'a Supply Voltage -7V \
Vin Analog Input Range Vo<V sV* Vv
\ Digital Input Range GNDD < V| < V* \
Ta Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range - 5510 + 125 °C
Pin Temperature (soldering, 10 s) 260 °C

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other conditions beyond those indicated in the operational sections of this specification is not
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. Standard CMOS handling proce-
dures should be employed to avoid possible damage to device.

December 1988 " 1/15
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TS7513

BLOCK DIAGRAM

8 8
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> 6 6 > T
r-——-44- B Al ©
|
: T Y ? (f r Modulator 1 |
: Variable Digital to Tr it Smoothing #
TxD Ran: dividor —{ analog 5{ lalrl‘(se"r“ r—o{)—* 'illerm ATO
Xtal IN converter '
| N '
Xtal OUT meise |
CLK¢~——
c Ret DTMF
TxCLK Gt prort | 15V Torteee s [ DTME
RxCLK Q=——- L | |
|
I
TEST ! Demodulator B |
_ MC. 8C
MC/BC ¢ i . ‘ :
! ¢ |
BCD he—] Timer JL"'<L ) E&? i :
1 C
1 MC/BC ﬁ'““ f [
1 L % RAI
RxD ] Correlator C |
i 1 !
O N, S S |
< w50
4 T Ty
>
M88TS7513-02
ELECTRICAL CHARACTERISTICS
’ Symbol Parameter Min. Nom. Max. Unit
v+ Positive Supply Voltage 4.75 5.0 5.25 Vv
\'a Negative Supply Voltage -525 | -50 | —4.75 Vv
lcc V* Operating Current - - 20 mA
IgB V~ Operating Current -15 - - mA
215 LNy SGS-THOMSON
Y/ WicrorLECTRONICS
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TS7513

D.C. AND OPERATING CHARACTERISTICS
(TA=0°Cto+70°C, V' =+5V+5%,V =—5V+5 %, GNDA=0V, GNDD =0V, unless otherwise

noted).
DIGITAL INTERFACE (TEST, RTS, DCD, RxD, TxCLK, RxCLK, CLK, TxD, MC/BC)
Symbol Parameter Min. |Typ. (1)| Max. Unit
h Input Current (ViL min € Vi £ Vi max) - - 10 uA
loL Output Low Level Current (VoL = 0.4 V) 1.6 . - mA
lon Output High Level Current (Vou =2.8 V) - - - 250 HA
Vi Input Low Voltage GNDD - 0.8 \Y
Vi Input High Voltage 2.4 - v+ \%
ANALOG INTERFACE, RECEIVE FILTER (DTMF, RAI, RFO)

Symbol Parameter Min. |[Typ. (1) Max. Unit
IgRI Input Leakage Current, (-3 V< VN <3V) DTMF, RAI - + 1 +3 uA
R Input Resistance, DTMF, RAI 1 3 - MQ

Voesr | Output Offset Voltage, RFO - - + 300 mV
Vori Output Voltage Swing, (RL = 10 kQ) RFO - - + 3 Vv
CiLri Load Capacitance, RFO - - 20 pF
RiLRi Load Resistance, RFO 10 - - kQ
Viri Input Voltage Swing, RAI -2 - +2 Vv
Vip Input Voltage Swing DTMF -3 — +3 \Y
CoprR Signal Frequency Distortion Products at RFO - - 40 - dB

Maximum Signal Level
ANALOG INTERFACE RECEIVE DEMODULATOR INPUT (RDI)

Symbol Parameter Min. |Typ. (1)| Max. Unit
lin Input Current -1 - 1 A
N4 Maximum Detection Level to Valid DCD Output 1.2 1.4 1.6 Vp
N2 Minimum Detection Level to Valid DCD Output - 1.0 - Vp

N¢/N2 Hysteresis Effect 2.3 3 4 dB

ANALOG INTERFACE, RECEIVE SLICER ADJUST (RSA)

Symbol Parameter Min. |Typ. (1)| Max. Unit
lin Input Current -1 - +1 A
Vi Input Voltage VRer Vgee/2 | GNDA \)

(1) Typical values are for Ta = 25 °C and nominal power supply values.
L3y SGS-THOMSON 3/15 -
Y/ icrozLECTRONICS
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TS7513

D.C. AND OPERATING CHARACTERISTICS (continued)

ANALOG INTERFACE, TRANSMIT OUTPUT (ATO)

Symbol Parameter Min. |Typ. (1)| Max. Unit
Vos Output DC Offset, (ﬁ connected to V*) - - + 250 mV
CL Load Capacitance - - 20 pF
RL Load Resistance 10 - - kQ
Vo Output Voltage Swing 390 Hz 2.8 - 3.6 Vop

(RL =10 kQ, C_ =20 pF) .
- 450 Hz/390 Hz Ampl. Ratio 0 - 1 dB
Vo 1300 Hz 2.8 - 3.6 Voo
- 2100 Hz/1300 Hz Ampl. Ratio 0 - 1 dB
- RTS Attenuation Ratio Efficiency 55 - - dB
ANALOG INTERFACE, REGULATED VOLTAGE (Vger)

Symbol Parameter Min. |Typ. (1)| Max. Unit
Vor Output Voltage -26 —-22 -1.8 \'
Rir Load Resistance 10 - - - kQ
CLr Load Capacitance - - 20 pF

(1) Typical values for Ta = 25 °C and nominal power supply values.
DYNAMIC CHARACTERISTICS
RECEIVE FILTER TRANSFER CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit
GaR Absolute Passband Gain at 1300 Hz (Varo, RL = =) 0.9 15 2.6 dB
GRr Gain Relative to Gain at 1300 Hz - - 60 - 50 dB

(maximum input signal) (2) 390 Hz _ — 60 _ 48 dB
450 Hz
2900 Hz - 30 - -17 dB
12000 Hz _ 45 40 dB
Gar Absolute Passband Gain at 390 Hz (VRFo, RL =) 0.9 1.5 2.6 dB
GRrr Gain Relative to Gain at 390 Hz 1 1.5 2 dB
(maximum input signal) 450 Hz 30 _ 20 dB
800 Hz
2100 Hz - — 55 - 50 dB
12000 Hz _ _ 45 _ 40 dB
DTMF FILTER TRANSFER CHARACTERISTICS
Symbol Parameter Min Typ. Max. Unit
Gar Absolute Passband Gain at 100 Hz - 0 - dB
GRRr Gain Relative to Gain at 100 Hz
1000 Hz -1 0 +1 dB
3400 Hz - -3 -2 dB
10000 Hz - - -20 dB
= TR AL e
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TS7513

DYNAMIC CHARACTERISTICS (continued)

DIGITAL INTERFACE

Symbol Parameter Min. |[Typ. (1)| Max. Unit
Cis Capacitance - - 10 pF

tTHL, tTLn| Input Rise-time, Fall-time, measured between 0.8 V and 2.4 V - - 100 ns

ttHL, ttLn| Output Rise-time, Fall-time between 0.4 V and 2.8 V (3) - 50 - ns

(1) Typical values are for Ta = 25°C and nominal power supply values '
(2) This value refers to the integrated receive filter only, measured at RFO. The rejection value for the complete reception part must take into
account the band-pass filter of the peak limiter (refer to CALCULATION OF CIRCUIT ELEMENTS). In this case the maximum gain relative to
gain at 1300 Hz is — 60 dB at 16 kHz.

(3) Driving one 74L or 74LS TTL load plus 30 pF.

PIN DESCRIPTION
COMMON SECTION

N°

Name

Function

Description

4
7

\Vad
V-

Positive Power Supply
Negative Power Supply

+5V
-5V

10

GNDA

Analog Ground

Pin 10 serves as the ground return for the analog circuits of
the transmit and receive section. The analog ground is not
internally connected to the digital ground. The digital and
analog grounds should be tied together as close as
possible to the system supply ground.

GNDD

Digital Ground

Pin 3 serves as the digital ground return for the internal
clock. The digital ground is not internally connected to the
analog ground. The digital and analog grounds should be
tied together as close as possible to the system supply
ground.

17

Xtal IN

Oscillator Input

This pin corresponds to the input of the inverter of the
oscillator. It is normally connected to an external crystal, but
may also be connected to a pulse generator. The nominal
frequency of the oscillator is 3.579 MHz.

16

Xtal OUT

Oscillator Output

This pin corresponds to the output of an inverter with
sufficient loop gain to start and maintain the crystal
oscillating.

12

VREF

Regulated Voltage

This output carries an internally regulated voltage. By
means of an external potentiometer connected between
VREF and GNDA, an adjustable reference voltage may be
applied to RSA. The adjustment of RSA is to optimize the
discrimination of high anf low frequencies of the same
channel. The voltage applied to RSA is approximately
VREF/2.

20

CLK

Clock

This output delivers a clock signal, the frequency of which is
3.579 MHz.

22

MC/BC

Main Channel/Back
Channel

This input selects transmission on the main channel or back
channel and defines the modulation rate according to the
European standards. (refer to functional description).

:’7 SGS-THOMSON
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TS7513

PIN DESCRIPTION (continued)
TRANSMIT SECTION

N° Name Function

Description

2 RTS Request to Send

When a low state is present on input RTS, the TS7513
delivers on output ATO a sinusoidal signal at a frequency
which depends on input TxD. When a high state is present
on input RTS, output ATO is connected to DTMF filter.

21 TxD Transmit Data

This input selects the high frequency or low frequency at
the Analog transmit output pin (ATO) :

« a high state selects the low frequency,

+ a low state selects the high frequency.

18 TxCLK Transmit Clock

This output delivers a clock signal, the frequency of which is
16 times the modulation rate (+ 1 %). The logic state
duration is compatible to the UART clock specification.

6 ATO Analog Transmit Output

When a low state is present on RTS, the TS7513 delivers
on output ATO a sinusoidal signal centered on the analog
ground.

RECEIVE SECTION

Ne° Name Function

Description

1 TEST Loop Back Mode

When high, the demodulator is tuned on the transmission
modulation rate to the loop back mode or to the 4 wires full
duplex operation mode. When TEST is low, the modem is in
normal operating mode.

5 RFO Receiver Filter Output

This analog output must be connected to a high-pass filter
and slicer, with sufficient gain to satisfy the level detection
conditions.

8 DTMF Dual Tone Multifrequency
. Input

Analog input receiving a signal from a dual tone
multifrequency generator. Transmitted spectrum of DTMF
signal matches the gauge in Annex Ill.

9 RAI Receive Analog Input

Input for modulated analog signal of amplitude lower than
4V peak to peak and centered on analog ground.

15 RDI Receive Demodulator Input| This is input of the demodulator. The analog signals are

passed through level detection comparators and zero
crossing detector.

11 RSA Receive Slicer Adjust

Input of the decision comparator optimizing discrimination
between high and low frequencies.

14 DCD Data Carrier Detect

This output is low when TS7513 receives on input RDI a
signal with amplitude higher than N1

This output is high when the TS7513 receives on input RDI
a sinusoidal signal with amplitude lower than N2. Within the
N1 — N2 range, the detection system presents an
hysteresis.

13 RxD Receive Data

This output is low when a high frequency signal is present
on input RDI, and high when a low frequency signal is
present on input RDI. Without carrier on pin RAI, this output
is high.

19 RxCLK Receive Clock

This output delivers a clock signal, the frequency of which is
16 times the demodulation rate (+ 1 %). The logic state
duration is compatible to the UART clock specification.

6/15
- &7
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TS7513

FUNCTIONAL DESCRIPTION
CLOCK GENERATION
Crystal : NYMPH, NYP 035A - 18

3.579 MHz

Xtal IN

9- - IxmalIn
L e CMOS CLOCK a
c L
E Xtal OUT
CT*

*Capacitor values vary with different crystal manufacturers ; typical value : 12 pF

N.C.#——— Xtal OUT

I
1
!
1

M88TS7513-03

With a minimum number of external components,
the TS7513 performs all the functions of modulation,
demodulation and filtering necessary to meet the re-
quirements of CCITT Recommandation V.23.

This circuit is in five parts :

* a modulator

» a demodulator

+ a clock generator

« a reference voltage generator
» a DTMF filter.

Note : The description of the demodulator also co-
vers a subsystem, external to the circuit proper and
having the following functions (refer to paragraph
CALCULATION OF CIRCUIT ELEMENTS).

» Band-pass filter

» amplification

« slicer.

MODULATOR

When input RTS is low, output ATO delivers a sinu-
soidal signal, the frequency of which depends on
MC/BC and TxD.

DEMODULATOR

When the analog signal on RDI conforms to certain
criteria, output DCD detects it and output RxD deli-
vers a digital signal, the logic state of which depends
on the analog signal frequency.

CLOCK GENERATOR

This part of the circuit generates from a 3.579 MHz
crystal all the internal clocks necessary to the cor-
rect performance of the TS7513 : the clocks for the
switched capacitor filters as well as those for the si-
newave generator. The circuit delivers on RxCLK
and TxCLK, the transmit and receive clocks for the
UART. It also delivers on CLK a buffered clock at
3.579 MHz.

REFERENCE VOLTAGE GENERATOR

This part of the circuit generates a regulated voltage
on VREF which is used to adjust detection thres-
holds. It is independent of power supply values.

DTMF FILTER

This part of the circuit receives a signal from a dual
tone multi-frequency generator and transmit
through ATO a filtered signal when RTS is high.

L37 SGS-THOMSON ns
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FUNCTIONAL CHARACTERISTICS

MODULATOR

¢ Modulation Conditions :
RTS ATO
"L FSK Modulated Signal
"H" DTMF Signal

» Transmitted Frequencies :
(for details of frequency selection see PIN DESCRIPTION — ATO)

— Modulation R.35 and V.23 Frequency Generated from
MC/BC Rate TxD Recommandations (Hz) a 3.579 MHz Crystal Error (Hz)
GNDD 75 Bauds "H" 390+ 2 389.52 - 048
L 450 £ 2 450.20 +0.20
v+ 1200 Bauds "H 1300 £10 1299.70 -0.34
"L 2100 + 10 2097.40 - 2.61
DEMODULATOR

+ Frequencies Receive on RDI

Analog signals centered on analog ground are received on input RDI.

RECEIVE DEMODULATION RATE

The receive Demodulation Rate Depends on MC/BC and TEST Input as Follows :

MC/BC TEST Demodulation Rate Frequencies (recommendation V 23)
H H 1200 1300 + 16
2100 + 16
L H 75 390
450
H L 75 390
450
L L 1200 1300 + 16
2100 £ 16

* Level detection conditions
Input RDI drives a signal detector the output of which

(DCD) is at logic "0" if the level of signal RDI is hi- -

gher than N1. The output of this detector is at logic
"1" if the level of the signal RDI is lower than N2.
This detector has an hysteresis effect : N1/N2.

« Timing detection conditions

The timing performance of the level detector (DCD)
conforms to CCITT Recommendation V.23.

Under normal working conditions, output DCD is :

* low if signal RDI conforms to the level detection
condition,

» high if signal RDI does not conform to the level de-
tection conditions.

8/15

[’7 SGS-THOMSON

Output DCD goes from high to low when signal RDI
conforms to the level detection conditions for 15 ms
or more (respectively 15 ms for 75 bauds).

Output DCD does not go from high to low when si-
gnal RDI conforms to the level detection conditions
for 10 ms or less (respectively 10 ms for 75 bauds).
Output DCD goes from low to high when signal RDI
does not conform to the level detection conditions
for 15 ms or more (respectively 30 ms for 75 bauds).
Output DCD does not go from low to high when si-
gnal RDI does not conform to the level detection
conditions for 10 ms or less (respectively 20 ms for
75 bauds).

Note : Each transition on the MC/BC input sets the
DCD output to the logical high level and initiate the
detection timing.

MICROELECTRONICS
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3 ~
N1 !
| ““ N2
|
RDI __} nnuﬂunun r ov
1 Lo
f
1
JUP
~No _
DCD —
RxD 1
:
]
|
]
i
M88TS7513-04
Modulation Rate DCD Transition Min. |Typ. (1)| Max. Unit
1200 bds T1 10 12 15 ms
T2 10 12 15 ms
75 bds T1 10 15 20 ms
T2 20 30 40 ms
(1) Typical values for Ta = 25 °C and nominal power supply values.
» Demodulated Signal
Under Normal Working Conditions, signal RxD Conforms to the Following Table :
. Level Received on Frequency Received on
Demodulation Rate RDI DCD RAI (Hz) RxD
1200 bds > N1 "Lt 1300 "H"
> N1 "L 2100 "L
< N2 "H" "X "H"
75 bds > N1 "L 390 "H"
> N1 "L 450 "L
< N2 "H" "X "H"
L§7 SGS-THOMSON ons
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REFERENCE VOLTAGE GENERATOR

The VREF output carries a regulated reference vol-
tage.

An external potentiometer, connected between

CALCULATION OF CIRCUIT ELEMENTS

The following factors must be considered in calcu-
lating the external components in the TS7513 appli-
cation :

« Signal amplification introduced by the receive fil-
ter is 1.5 dB/1300 Hz.

» The maximum permissible level at RAI input is 4
Vpp (+ 5 dBm).

Note : the reference frequencies are 1300 and 390
Hz.

+ A 2.5 dB hysteresis is introduced within the two si-
gnal detection level N1 and N2, in accordance with
CCITT Recommendation V.23.

To be centered, the two limit values of the CARRIER

DETECT signal are therefore :

- Upper : - 43.dBm, or 15.5 mVpp
- Lower: - 48 dBm, or 8.7 mVpp

+ For a correct operation of the TS7513 signal de-
tector, the peak-limiting filter must remain linear up
to - 43 dBm on line.

+ At input RDI, the upper threshold level N1 of the
signal detector is 2.8 VPP (2.1 dBm), and must

*correspond to the minimum signal level received
from the line transformer. With a duplexer recep-
tion gain of + 6 dB, the peak-limiting filter gain is
defined by :

VREF and GNDA, can supply a regulated voltage
to input RSA.

Adjustement of RSA optimizes the discrimination
between the high and low frequencies.

A=43-6-1.5+2.1=37.6dB (aratio of 76).
Note : The peak-limiting filter gain must be adjusted
according to the minimum level on line. With a mi-
nimum level of :

- 38dBm, A=32.6dB
- 33dBm,A=27.6dB

Typical Peak-limiting Filter Configuration

220 pF

10 kQ 0.47 uF .

M88TS7513-05

ENVIRONMENTAL FUNCTIONAL DESCRIPTION (refer to typical application)

Transmit section

The transmit section comprises a single operational
amplifier capable of driving a load of 60022 , which
can also be used to adjust the transmit level.

Duplexer

This amplifier provides the 2 wire/4 wire separation
function and enables a low cost standard non diffe-
rential transformer (ratio 1:1) to be used. The du-
plexer principlze provides a gain of 6 dB for the re-
ceived signal.

1013 L37 S5S:THOMSON

Peak-limiting filter

This section is made of two operational amplifiers

and performs three functions :

* peak-limiting amplifier, designed to meet the si-
gnal detector levels according to the signal recei-
ved from the phone line.

« High-pass filter (12 dB per octave) to overcome
the DC component of the signal to be demodula-
ted.

* Low-pass filter to protect against the inherent
noise of the receive filter.

MICROELECTRONICS
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TYPICAL PERFORMANCES

These typical performances are achieved with the measuring equipment described in Annex .

» Transmitted spectrum

On output ATO, the transmitted out of band signal
energy must conform to the following specification :

M88TS7513-06

conform to the french CCETT specifications for vi-
deotext applications. The characteristics of CCETT
lines used for measurements are given in Annex II.

o | . 1200 bds 75 bds
) Line Reception Reception
E Line 1 (flat) 10 % 4 %
| Line 2 12 % 4 %
1
25db | Line 3 18 % 6 %
3 | Line 4 12 % 6 %
L
]
55 db b flikHz) BIT ERROR RATE
! ! : i The typical bit error rates versus white noise are as
34 4 16 200 follows.
. i 1200 bd
Receiver Receoptioz 75 bds Reception
Measurement conditions
Local transmit level : - 10 dBm. SN BER SN BER
Receive level : - 25 dBm, with 511 bit pseudo-ran- onlLine1| 6dB 2107% | -1dB | 7.1074
dom test pattern. online2| 7dB | 510 % | —1dB | 710 *
Isochronous distortion o . on Line 3| 9dB 510~ 4 0dB 510~ %
Table below shows the typical isochronous distor- . — —
tion values obtained with the TS7513, which online4| 8dB | 210 0dB | 510
LNy SGS-THOMSON 11715
Y/ MicrosLECTAONICS :
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TS7513

ORDERING INFORMATION
Part Number Temperature Range Package
TS7513CP 0to +70°C DIP 22
TS7513IP —40to + 85 °C DIP 22
PACKAGE MECHANICAL DATA
22 PINS - PLASTIC DIP
mm
e max e=254 _emax,
elejejee e(})e elele 4,57 max. 11.1mox. - [
‘! T T 0,51 min.
Y | L1l )
5,08 max| I l H
1 / .
kAl 0.38 1,77 max. 02 2\
39 0,508 ™03 -0
. 10,16
(2)
Aonnnonon i
Datum

oZ

LA

ITII_II-II_ICILJLJI_II_IU”

30.1max.

L

(1) Nominal dimension
{2} True geometrical position

22 pins

Kyy 35S THOMSON
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TS7513

APPENDIX 2

CHARACTERISTICS OF TEST LINES
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SPECTRUM OF DTMF SIGNAL
-30dBm
N
N
N
N
- 70 dBm N
- 80 dBm
2 4 68 2 4 68 2 4 68
1 kHz 10 kHz
K17 CCITT specification for telephone set gauge
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TS7514

PROGRAMMABLE V.23 MODEM WITH DTMF

= PROGRAMMABLE MODES :
! - Modem 75 bps transmit, 1200 bps receive
- Modem 1200 bps transmit, 75 bps receive
! - DTMF dialing
- Call status tone detection
i - Auxiliary analog transmit input
Analog test loopback
" PROGRAMMABLE FUNCTIONS :
- Transmission level

‘ - Hysteresis and detection level
} - Filters (reception and transmission)
- Line monitoring and buzzer
- DTMF frequencies

» FIXED COMPROMISE LINE EQUALIZER

= AUTOMATIC BIAS ADJUSTMENT
! = INTEGRATED DUPLEXER
‘ = STANDARD LOW COST CRYSTAL

(3.579 MHZ)

= TAX TONE REJECTION
= POWER-UP INITIALIZATION OF REGISTERS
= OPERATES FROM +5 VOLTS

DESCRIPTION

The TS7514 is an FSK modem which can be pro-
grammed for asynchronous half-duplex voice-band
communications on a 2-wire line or full duplex on a
4-wire line. lts programming concept makes it the
ideal component to design low-cost intelligent mo-
dems, featuring auto dialing and auto answering.

The TS7514 conforms to CCITT V.23 recommen-
dation.

The chip incorporates DTMF dialing, line monito-
ring, tone and dialing detection.

January 1989

ADVANCE DATA

DIP24

FN
PLCC28
(Plastic Package)

PIN CONNECTIONS

MOD/DTMF |
Mc/BC [
RTS [

ENP [

DGND q
0 [

PRD [

Xtal IN [
Xtal OUT
DCD
RxD

ZCOo

1 24
2 23
3 22
4 21
5 20
6 19
7 18
8 17
9 16
10 15
" 14
12 13

(] ATxI
] wLO
] ATO
L vs
[J AGND
7 v-
(] RAO1
] RAIM
] Ral2
] rAO2
[] RFO

] RDI

RTS 'J-‘ N/IC ’_L ATx! '_L ATO

MC/BC MOD/DMTF  WLO

M88TS7514-01

4

NIC
Xtal IN 10

Xtal OUT 1"

12 13 14 15 16 17 18

3 2 1 28 27 26

25 [~ v
24 [I— AGND
23 [ v-

22 [} RAO1
21 [ Rail
20 [~ RA2
19 [~ nic

Ry sy e

bco piole} RFO

2
M88TS7514-02

1721

| This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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ARCHITECTURE
Figure 1 : Simplified Block Diagram.

ATxI V+ DGND V- AGND

Tx DATA CARRIER/TONE T ATTENUATOR ﬂ ATO
FREQUENCY FILTER
GENERATOR
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DMTF DATA

INPUT SHIFT

PRD REGISTER TS 7514
ENP
RTS TO
i MODE CONTROL PROGRAMMABLE
mcBe [~ = FONCTIONS BUZZER arrenuaToR -] ] wio
: CONTROL REGISTERS

mop/oTMF [ -~ ,—l
.
|
|
o CARRIER/TONE
DCD I::]—w

LEVEL DETECTOR

FSK

H DEMODULATOR
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|
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.
|
|
|
|
|
,
|
|
.

Rx P—D RAOT
M DUPLEXER
FILTER .D RAI2

zCo

MASTER
CLOCK CLOCK

GENERATOR
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M88TS7514-03
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PIN DESCRIPTION

Pin n° Pin n° it
Name» PDIP |PLCC Description
MOD/DMTF 1 1 MODEM or DMTF Operating Mode Selection
Also controls write operations to control registers (if MOD/DMTF = 0
and MC/BC = 0).

MC/BC 2 3 Digital Control Input. In MODEM mode, it sets transmission mode to
main or back channel. It also permits selection of dialing or control
registers programming.

RTS 3 4 Request to Send
When RTS =0, the circuit sends an analog signal to the ATO output.
The signal depends on the operating mode selected.

When RTS =1, the signal sent to ATO is suppressed after_its first
zero crossing. When MOD/DMTF =0 and MC/BC = 0, the RTS pin
acts as a clock for serial data loading into the input register.

ENP 4 5 Serial Register Write Select Input. When ENP = 0, the serial register
input is connected to TxD. When ENP = 1, the register input is
connected to PRD.

DGND 5 6 Digital Ground = 0V. All digital signals are referenced to this pin.

TxD 6 7 Digital Input for Transmit or Control Data

PRD 7 8 Digital Input for Control Data. Selected through ENP

XtallN 8 10 Crystal Oscillator Input. Can be tied to an external clock generator.
F quartz = 3.579 MHz.

XtalOUT 9 11 Crystal Oscillator Output

DCD 10 13 Data Carrier Detect Output

RxD 11 14 Digital Receive Data Output

ZCO 12 15 Zero Crossing Rx Digital Output (ringing detection)

RDI 13 16 Analog Output for the Receive Signal after Filtering or Analog Input
for the Amplifier-limiter.

RFO 14 17 Analog Receive Filter Output

RAO2 15 18 A2 Amplifier Output

RAI2 16 20 A2 Amplifier Inverting Input

RAI1 17 21 A1 Amplifier Inverting Input

RAO1 18 22 A1 Amplifier Output

V- 19 23 Negative Supply Voltage : =5V £ 5 %

AGND 20 24" Analog Ground =0 V. Reference Pin for Analog Signals

V+ 21 25 Positive Supply Voltage : + 5V + 5 %

ATO 22 26 Analog Transmit Output

WLO 23 27 Analog Output for Line Monitoring and Buzzer

ATxI 24 28 Direct.Analog Input Transmit Filter

. 3/21
K7 SRS
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FUNCTIONAL DESCRIPTION

"The TS7514 circuit is an FSK modem for half-du-

plex, voicé-band asynchronous transmissions on a
2-wire line according to CCITT recommendation
V.23 or full duplex on 4 wire-line.

The circuit features DTMF dialing, call status tone
detection and line monitoring in both dialing and
automatic answer modes. A signalling frequency is
available at the line monitoring output (buzzer).

Ring detection is possible by using the signal detec-
tion function and bypassing the receive filter. The
receive signal at ZCO output can be filtered in the
associated microprocessor.

The TRANSMIT channel (Tx) includes :

» two programmable frequency generators

» one switched capacitor filter (SCF) with low-pass
or bandpass configuration and its associated pro-
pagation delay corrector.

- one continuous time low-pass smoothing filter

+ one attenuator, programmable from 0 to + 13 dB
by 1 dB steps

+ one programmable analog input

The RECEIVE channel (Rx) includes :

« two operational ampilifiers for duplexer implemen-
tation

« one continuous time low-pass anti-aliasing filter

- one programmable gain amplifier

- one linear compromise equalizer

« one switched capacitor band pass filter (can be set
to either main or back channel)

+ one continuous time low pass smoothing filter

- one limiting amplifier

- one correlation demodulator

- one programmable level signal detector

Figure 2 : Internal Control Register.

The LINE MONITORING channel includes :

- one buzzer

« one 3-channel multiplexer to select beetwen
- transmit channel monitoring
- receive channel monitoring
- buzzer

+ one programmable attenuator

INTERNAL CONTROL
Power up initialization

The TS7514 includes power-up initialization of
control registers. This system sets the ATO trans-
mission output to an infinite attenuation position,
leaving time for the microprocessor to set up the
RPROG input on power up. Control registers are al-
so initialized when V+ is lower than 3 V or V - grea-
terthan-3 V.

Registers

Write access to the DTMF data register and to other
control registers is achieved in serial mode through
TxD input or PRD input . Addressing of these 4 bit
registers is indirect. They are accessed through an
8 bit shift register addressed when MOD/DTMF =0
and MC/BC = 0. Data sent to the TxD input is stro-
bed on the RTS signal trailing edge.

Serial data is sent to the TxD input, with Least Si-
gnificant Bit (LSB) first. The 4 Most Significant Bits
(MSB) contain the control register address while the
4 LSB contain associated data.

Data transfer from the input register to the control
register (addressed by the MSB's) is started by the
operating mode (MODEM or DTMF) selection

(MOD/DTMF = 1 or MC/BC = 1).
* N.B. PRD input can be used instead of TxD (when ENP = 1).

RTS
MOD/DMTF

TxD CLK

8 BIT SHIFT REGISTER
{INPUT REGISTER)

4-BIT CONTROL
REGISTERS

ADDRESSES -
MC/BC

RTS

TxD

AR SRARNRERERNE
oo

|

DATA ‘ ADDRESS \

——

TIME M88TS7514-04
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TS7514

OPERATING MODES

The various operating modes are defined by MC/BC
and MOD/DTMF inputs, and by the content of a
control register RPROG.

The TS7514 includes 8 control registers. Access to
each control register is achieved through an auxil-
liary 8 bit shift register (input register). The input of
that shift register is connected either to TxD or PRD,
depending upon the status of the ENP control pin
(ie when ENP = 0 and ENP = 1 respectively). In both
cases, the RTS input receives the shift clock and se-
quentialy transfer is controlled by setting simulta-
neously MOD/DTMF and MC/BC to 0. The previous

internal status and data are memorized during loa-
ding of the input register so that transmission conti-
nues properly. That feature allows the user to mo-
dify transmission level or line monitoring selection
during transmission. The transmit channel opera-
ting mode (Modem main or_back channel, DTMF)
can only be modified when RTS = 1. When RTS =
0, the ATO transmit output is enabled and the pre-
selected operating mode is activated. When RTS
returns to 1, Modem or DTMF transmission is inhi-
bited after the first zero crossing of the generated
signal.

MOD/DTMF McC/BC Transmission (ATO) Reception (RxD, DCD)
1 1 MODEM, Main Channel MODEM, Back Channel
1 0 MODEM, Back Channel MODEM, Main Channel
0 1 DTMF DCD = Active Tone Detection
(270 -500 Hz) if RTS =1...
DCD =1 if RTS =0
0 0 If RTS =0 when that configuration occurs, transmission and reception are not
modified.
If RTS =1 (no signal sent on the line), transmission is not modified and reception
is set up to detect 2100 Hz tone (note 1).

Note 1 : The decision threshold of the demodulator output is shifted, so that RxD changes from 0 to 1 at 1950 Hz instead of 1700 Hz.

MODEM TRANSMISSION FREQUENCIES

Modulation TxD CCITT R35 AND V.23 Frequency Generated with Error
Rate Recommendations (Hz) Xtal at 3.579 MHz (Hz) (Hz)
75 bps 1 390 + 2 390.09 ' +0.09

0 450 + 2 450.45 +0.45
1200 bps 1 1300 + 10 1299.76 -0.24
0 2100 £ 10 2099.12 —-0.88

DTMF TRANSMISSION FREQUENCIES

Specifications Frequency Generated with Dividing Error
DTMF (Hz) Xtal at 3.579 MHz (Hz) Ratio (%)

1 697 £ 1.8 % 699.13 5120 + 0.31

f2 770 £ 1.8 % 771.45 4640 +0.19

3 852+ 18 % 853.90 4192 +0.22

f4 941+ 1.8 % 940.01 3808 -0.10

5 1209+ 1.8 % 1209.31 2960 + 0.03

6 1336+ 1.8 % 1335.65 2680 - 0.03

7 1477 £ 18 % 1479.15 2420 +0.15

8 1633 £ 1.8 % 1627.07 2200 + 0.36
6/21 LNy SGS-THOMSON
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CARRIER LEVEL DETECTOR

- Output Level Detection conditions

The DCD signal detector output is set to logic state
0 if the RMS value of the demodulator input signal
is greater than N1. The DCD output has logic state
1 if the RMS value is less than N2.

The detector has an hysteresis effect : N1 - N2.

- Timing Detection Requirements

Signal detection time constants at the DCD output
comply with CCITT Recommendation V.23.

Modulation DCcD CCITT V.23 . CCITT V.23 .
Ratio Transition (min) Min. Max. (max) Unit
1200 bps 1 10 10 20 20 ms
2 5 5 15 15 ms
75 bps * t 0 15 40 80 ms
2 15 15 40 80 ms
* Wide band Rx filter used (Fig 4c.)
Figure 4 : Signal Detection Time Out.
|-~ "~~~
\ f >~
,
i
N1 | |
H N2
] ﬂﬂ “”ﬂnn '
LINE——¢ nr ov
] | B L
‘QU ' UU D UU
I
il
J ’
~ ~ ////
DCD
_h tp
M88TS7514-06

Note : When delays are bypassed (see RPRX register programming) response time ranges from 0 to 5 ms in receive mode at 1200 bps, and
from 0 to 10 ms at 75 bps.
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PROGRAMMING REGISTER

RPROG
Address Data
Selected Mode (note 1)
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
X 0 0 0 0 X 0 0 | The most significant bit (D 7) is not used when decoding control
0 X 1 1 register addresses.
0| X | O 1 Control register addressing is enabled when D 7 = 0 (see note 2).
0| X 1 0 | Control register addressing is enabled when D 7 = 1 (see note 2).
0 0 | X | X | Reception positioned.in the channel opposite to the transmission
) channel controlled by MC/BC
0 1 X | X | Reception positioned in the same channel as transmission
(see note 3).
1 X | X | X | Programming inhibited in normal operating mode. This mode is
used for testing purposes.
Note: 1. RPROG is set to 0000 on power-up.

2. Excepted for RPROG register whose address is always 000, regardless of DO and D1.
3. This mode allows either full duplex operation on a 4-wire line, or circuit testing with external Tx/Rx loopback.

DTMF DIALING DATA REGISTER

RDTMF REGISTER
Address Data Tone Frequency (Hz)
D7 (D6 | D5 | D4 | D3 | D2 | D1 | DO LOW HIGH
P 0 0 1 X X 0 0 697 X
‘ X{X |01 770 X
X X 1 0 852 X
X X 1 1 941 X
0 0 X X X 1209
0 1 X X X 1336
1 0 X X X 1477
1 1 X X X 1633
Note : This register is not initialized on power up.
X: Don't care value.
P: 1,0 or X depending upon RPROG content.
= o7 Al
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DATA REGISTER FOR THE TRANSMISSION ATTENUATOR

RATE REGISTER

Address Data Attenuation Output Transmit | On Line Level (dBm)
07 106 105 1 D2 [ D3 102 1 D1 | DO (dB) Level (dBm) Coupler Gain (- 6dB)

Pl O 1 0 0 0 0 0 0 +4 -2

0 0 0 1 1 +3 -3

0 0 1 0 2 +2 -4

0 0 1 1 3 +1 -5

0 1 0 0 4 0 -6

0 1 0 1 5 -1 -7

0 1 1 0 6 -2 -8

0 1 1 1 7 -3 -9

1 0 0 0 8 -4 -10

1 0 0 1 9 -5 -1

1 0 1 0 10 -6 -12

1 0 1 1 11 -7 -13

1 1 0 0 12 -8 - 14

1 1 0 1 13 -9 -15

1 1 1 0 Infinite <—-64 <—-70
1 1 1 1 Infinite* <—64" <-70"
* Power - up configuration.

L7 RSN -
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LINE MONITORING PROGRAMMING REGISTER

RWLO REGISTER
. T . . Signalling
Line Monitoring Line Monitoring
Address Data In Transmit Mode | In Receive Mode Absof&?gliir\‘lgr(v )
Relative Level Relative Level Relative Level (dEF)’
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO (dB) (dB) : (see note)
P 0 1 1 0 0 0 0 -10
0 0 0 1 -20
0 0 1 0 - 31
0 0 1 1 - 42
0 1 0 0 0
0 1 0 1 -10
0 1 1 0 -20
0 1 1 1 - 31
1 0 0 0 0.42 Vpp
1 0 0 1 -10dB
1 0 1 0 -20dB
1 0 1 1 —-31dB
1 1 X | X < — 60 dB*
* Power - up configuration
Note : Signalling frequency is a square wave signal at 2982 Hz.
RECEIVE FILTER SELECTION AND GAIN PROGRAMMING REGISTER
RPRF REGISTER
Address Data i i
Receptlzgte(iam (dB) Comments
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO ( )
P 1 0 1 X | X 0 0 0
X | X 0 1 +6*
X X 1 0 +12
X | X 1 1 0 Rx Channel Band = Tx Channel
Band
Tx to Rx Loopback
— 33 dBm < Rx Level £ —40dBm
X 0 X | X X Receive Filter Selected
X 1 X | X X Receive Filter Desabled
1 X1 X | X X Receive Filter Disconnected from
RDI Output and from
Demodulator. Offset Disabled.

* Power - up configuration.

Note 1 : Depending on the line length, the received signal can be amplified. Programmable reception gain allows setting a level close to
+ 3dBm at the filter input to take benefit of the maximum filter dynamic range (S / N ratio). The following requirement must be met :

Max line level + prog. gain <+ 3 dBm.

10/21
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TRANSMISSION FILTER PROGRAMMING REGISTER

RPTF REGISTER
Address Data

D7 | D6 | D5 | D4 | D3 | D2 | DT | DO ATO Transmission

P 1 0jo|oOo|O0]|oO 0 | MODEM or DTMF Signal*
0 0 0 1 | ATxl via Smoothing Filter and Attenuator
0 0 1 0 | ATxl via Low-pass Filter and Attenuator
0 0 1 1 | ATxl via Band-pass Filter and Attenuator
0 1 0 0 | In DTMF Mode, Transmision of High Tone Frequency
1 0 0 0 | In DTMF Mode, Transmission of Low Tone Frequency

* Power - up configuration.

HYSTERESIS AND SIGNAL DETECTION LEVEL PROGRAMMING REGISTER

RHDL REGISTER
Address Data N2 (dBm) (note 1) N1/NZ (6B)

D7 | D6 |D5| D4 | D3| D2]|D1| DO See Figure 4

Pl1]|1]o0o|XxX]o|o]o —43* X
X oo 1 - 41 X
XxX{o|l1]o -39 X
X{o |11 -37 X
X| 1010 -35 X
X 1 0 1 - 33 X
X|{1]11]o0 —31 X
X111 |1 - 29 X
0| X | x|x X 3+
1] X | X | X X 35

* Power - up configuration.

Note 1 : Detection low level measured at the demodulator input. The line signal detection level is obtained by reducing the gain ate the filter

input.

RECEIVE CHANNEL PROGRAMMING REGISTER

RPRX REGISTER
Address Data . .
Configuration
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
P 1 1 1 X | X 0 X | Low Frequency Wide Band Selected (fig. 4b)*
X | X 1 X | Low Frequency Narrow Band Selected (fig. 4c)
X | X[ X 0 | Carrier Level Detector Delay Enabled*
X | X | X | 1 | Carrier Level Detector Delay Disabled.
Note : In active tone detection mode (MOD/DTMF = @, MC/BC = 1, RTS = 1 see op. modes), The low frequency wide band is automatically

selected for the receive channel, whatever the RPRX register programming value.
After a switch back to modem mode (MOD/DTMF = 1, MC/BC =@ or 1) the RPRX register indicates again the value programmed be-
fore the active tone detection mode.

‘7_’ SGS-THOMSON
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
DGND DGND (digital ground) to AGND (analog ground) -03to+ 03 v
V+ Supply Voltage V+ to DGND ro AGND -03to+7 \Y
V- Supply Voltage V- to DGND or AGND -7t0+03 \
\ Voltage at any Digital Input DGND - 0.3 to V+ + 0.3 Vv
Vin Voltage at any Analog Input V-03toV++03 '
lo Current at any Digital Output —20to + 20 mA
lout Current at any Analog Output —-10to+ 10 mA
Piot Power Dissipation 500 mwW
Top Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range - 65t0 + 150 °C
Tiead Lead Temperature (soldering, 10 s) + 260 °C

If the Maximum Ratings are exceeded, permanent damage may be caused to the device. This is a stress rating only, and functional operation of
the device under these or any other conditions for extended periods may affect device reliability. Standard CMOS handling procedures should be
employed to avoid possible damage to the device.

ELECTRIC OPERATING CHARACTERISTICS

Symbol Characteristic Min. Typ. Max. Unit
V+ Positive Supply Voltage 4.75 5 5.25 "
V- Negative Supply Voltage -525 | -50 | —-4.75 Vv

I+ V+ Operating Current - 10 15 mA
I- V- Operating Current -15 - 10 = mA

DC AND OPERATING CHARACTERISTICS

Electrical characteristics are guaranteed over the complete temperature range, with typical load except where
otherwise indicated. Typical values are given for :

V+ = +5V, V- = -5V and room temperature = 25°C

DIGITAL INTERFACE (MOD / DTMF, RTS, DCD, RxD, ZCO, TxD, MC / BC, ENP, PRD)

Symbol Characteristic Min. Typ. Max. Unit
ViL Input Voltage, Low Level - - 0.8 Vv
Viu Input Voltage, High Level -22 - - -
hie Input Current, Low Level DGND < Vi < VIL (max) | — 10 - 10 MA
hiu Input Current, High Level VIH (min) < Vi <V+| —10 - 10 UA
loL Output Current Low, Level VoL =04V 1.6 - - mA
loH Output Current, High Level Von =28V - - - 250 uA

ANALOG INTERFACE-PROGRAMMABLE (ATxl)

Symbol Characteristic Min. Typ. Max. Unit
Vin Input Voltage Range -18 - +1.8 \"
lin Input Current (filter output selected) -10 - +10 pA
Cin Input Capacitance (ATT output selected) - - 20 pF
Rin Input Resistance (ATT output selected) 100 - - kQ

= 57 35NN
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ANALOG INTERFACE - TRANSMIT OUTPUT (ATO) (load conditions R = 560 Q, C, = 100 pF)

Symbol Characteristic Min. Typ. Max. Unit.
Vos Output Offset Voltage - 250 - + 250 mV
CL Load Capacitance - - 100 pF
R Load Resistance - 560 - Q
Vout Output Voltage Swing -18 - +1.8 \Y)
Rout Output Resistance 10 - 25 Q

- ATO Attenuation Ratio when RTS = 1 70 - - dB

ANALOG INTERFACE - LINE MONITORING (WLO) (load conditions , R = 10 kQ, C_ = 50 pF)

Symbol Characteristic Min. Typ. Max. Unit
Vos Output Offset Voltage — 250 - + 250 mV
CL Load Capacitance - - 100 pF
RL Load Resistance 10 - - kQ
Vout Output Voltage Swing -18 - +1.8 \'
Rout Output Resistance - - 15 Q

- WLO Attenuation Ratio 70 - - dB

ANALOG INTERFACE - DUPLEXER (RAI +, RAI —, RA0)

Symbol Characteristic Min. Typ. Max. Unit
Vin Input Voltage Range RAl+, RAI- -2 - +2 Vv
lin Input Current RAl+, RAI- =10 - +10 uA
Cin Input Capacitance RAl+, RAI- - - 10 pF
Vot Input Offset Voltage RAl+, RAI- -20 - +20 mV

Vout Output Voltage Swing, RAO0 CL =100 pF, RL =600 Q -1.8 - +1.8 \Y
RL =300 Q -09 - +09 Vv
CL Load Capacitance RAO1 CL =100 pF - - 100 pF
Rr Load Resistance RAO1 300 - - Q
G DC Voltage Gain in Large Signals, RAO1 R =300 Q 60 - - dB
CL =100 pF
CMRR Common Mode Rejection Ratio, RA01, RA02 60 — - dB
PSRR Supply Voltage Rejection Ratio, RA01, RA02 60 - - dB
Vout Output Voltage Swing, RA02 CL =50pF, RL=10kQ -25 - 25 \
CL Load Capacitance, RA02 - - 50 pF
RL Load Resistance, RA02 10 - - kQ
AVo DC Voltage Gain in Large Signals, RA02 60 - - dB
[T AL =
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ANALOG INTERFACE-RECEIVE FILTER OUTPUT (RFO)
AMPLIFIER LIMITER INPUT (RDI)

Symbol . Characteristic Min. Typ. Max. Unit
Vin Input Voltage Range RPRF =1 xxx | —2.2 - +22 Vv
Rin Input Resistance RPRF =1 xxx 15 - - kQ
Cin Input Capacitance RPRF =1 xxx - - 20 pF
CL Load Capacitance RPRF =1 xxx - - 50 pF
RL Load Resistance 1.5 - - kQ

Vout Output Voltage Swing RL =1.5kQ -1.8 - +1.8 \Y
RL =50 pF
Rout Output Resistance - - 15 Q
DYNAMIC CHARACTERISTICS FOR PROGRAMMING REGISTER ACCESS
N° Symbol Characteristic Min. | Max Unit
1 teye Cycle Time 600 - ns
2 Pwel Pulse Width, RTS Low 300 - ns
3 Pweh Pulse Width, RTS High 300 - ns
4 tr, tf RTS Rise and Fall Times - 50 ns
5 thce Control Input Holding Time 100 - ns
6 tsce Control Input Setup Time 300 - ns
7 tsoi TxD or PRD Input Setup Time 200 - ns
8 tHDI TxD or PRD Input Hold Time 100 - ns
9 tww TWW Input Writing Inpulsion Width (high level) 300 - ns
10 tsp TxD Input Setup Time 100 - ns
11 tHp TxD Input Hold Time 100 - ns
— TR AL
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INPUT SHIFT REGISTER ACCESS

1st Case : Programmation without Data Transmission.

2 3
= 1 ]
RTS
) /
6 . 5 9
MC/BC
AND
MOD/DTMF 1t
718
{
TxD
OR DO D1 D7
PRD 3
N M88TS7514-07
2st Case : Programmation with TXD During Data Transmission.
RTS
6
A MC/BC /
oD R N ]
MOD/DMTF 1t
10 1 10
)
(
TxD (DATA) (DATA) DO D7 (DATA)
n-1 n ) n
(
M88TS7514-08
LNy SGS-THOMSON 15721
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TRANSMIT FILTER TRANSFER FUNCTION (load conditions : RL = 560 Q, CL = 100 pF)

Symbol Parameter Min. Typ. Max. Unit
Gar Absolute Gain at 2100 Hz - 0 - dB
GHH Gain Relative to Gain at 1700 Hz

Band-pass < 390 Hz - - -30 dB
=390 Hz - - -35 dB
=450 Hz - - -35 dB

=1100 Hz -05 - +05 dB
Band-pass or Low-pass 1100 Hz to 2300 Hz -05 - +05 dB
3300 Hz - -3 - dB
5800 Hz - - -15 dB
> 16000 Hz - - -35 dB
Dar Group Delay : (modem transmission)
Main Channel : from 380 to 460 Hz 90 - 110 us
Back Channel : from 1100 to 2300 Hz 1.04 = 1. ms

ATTENUATOR TRANSFER FUNCTION

At Absolute Gain for 0 dB Programmed 0.3 0 0.3 dB
Rat Attenuation Relative to Programmed Value -05 - +05 dB

Attenuation for Programmed Value = o 70 - dB
Rt Relative Attenuation between two Consecutive Steps 0.8 - 1.2 dB

TRANSMIT GENERAL CHARACTERISTICS

Modem Amplitude (Att = 0 dB)

390 Hz +35 - +45 | dBm
450 Hz +35 - +45 dBm
1300 Hz +35 - +45 | dBm
2100 Hz +35 - +45 | dBm
DTMF Amplitude (Att = 0 dB)
Low Frequency Group -3 = -15 dBm
DTMF Amplitude (Att =0 dB)
Low Frequency Group Versus Low Frequency Group +15 - +25 dB
Psophometric Noise - ~- 250 uv

RECEIVE FILTER TRANSFER FUNCTION

Gar Absolute Gain at 1100 Hz - Main Channel
(0 dB programmed) -05 - +05 dB

GRrr Gain Relative to the Gain at 1300 Hz
(0 dB programmed)

< 150 Hz - - -60 | dB
150 Hz to 450 Hz - - -50 | dB
1300 Hz -05 - 05 dB
2100 Hz 1.1 18 23 dB
2300 Hz - - 27 dB
5500 Hz to 10000 Hz - - -50 | dB
> 10000 Hz - - -60 | dB
16/21 .
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RECEIVE FILTER TRANSFER FUNCTION (continued)

Symbol Parameter Min. Typ. Max. Unit
Gar Absolute Gain at 420 Hz (back channel - narrow
band)
(0 dB programmed) 0.5 - + 0.5 dB
GRR Gain Relative to Gain at 420 Hz
(0 dB programmed) <150 Hz - - - 50 dB
380 Hz - - +05 dB
400 Hz to 440 Hz -05 - + 05 dB
460 Hz - - +05 dB
1100 Hz to 10000 Hz - — - 50 dB
> 10000 Hz - - - 60 dB
Gar Absolute Gain at 425 Hz (tone detection or back
channel wide band)
(0 dB programmed) -05 = +05 dB
Grnr Gain Relative to Gain at 425 Hz
(0 dB programmed) <112 Hz - - - 50 dB
275 Hz - - + 0.5 dB
300 Hz to 525 Hz -05 - +05 dB
575 Hz - - +05 dB
1375 to 10 000 Hz - - - 50 dB
> 10 000 Hz — - - 60 dB
Psophometric Noise = - 300 uv
RECEIVE TRANSFER - GENERAL CHARACTERISTICS
Absolute Filter Gain for :
0 dB programmed -05 - + 05 dB
6 dB programmed +55 = + 6.5 dB
12 dB programmed +11.5 - 125 dB
Rps Signal Detection Level Relative to Programmed -05 = + 05 dB
Value
Ruy Hysteresis Value -2 - - dB
Signal Level (loop 3) at Reception Input - 40 -35 - 33 dBm

LINE MONITORING - GENERAL CHARACTERISTICS (load conditions : R, = 10 kQ, C_ = 50 pF)

AT Absolute Gain for 0 dB Programmed - 0 - dB
Rat Attenuation Relative to Programmed Value -1 - +1 dB
Attenuation for Programmed Value 70 - dB
FS Buzzer Signalling Frequency - 2982 - Hz
Signalling Frequency Amplitude at :
0.42 Vpp Programmed 0.38 0.42 0.46 Vpp
Ly7 SGS-THOMSON 17721
Y/ NicRoELEcTRONIGS
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Figure 4 : Receive Filter Transfer Characteristics.
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M88TS7514-09
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b : Back channel - Narrow band
M88TS7514-10
FREQUENCY (kHz)
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c: Basic channel = Wide band and tone detection
. M88TS7514-11
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Transmission spectum Isochronous distortion
At the ATO output, the out-of-band signal power The following table shows typical isochronous dis-
conforms to the following specifications : tortion obtained with the TS 7514 circuit :
Line Reception (1200) | Reception (75)
Line 1 (fiat) 10 % 4 %
098 1 Line 2 12 % 4 %
Line 3 18 % 6 %
Line 4 14 % 6 %

25d8

Bit error rate

 (kcHz) Typical bit error rates versus white noise are as fol-
T lows (noise and signal levels are measured without

55 4B

b S,

QP SR

1
; #"S A weighting on the 300/ 3400 Hz band) :
M88TS7514-12 Reception Reception
Receiver (1200 bds) (75 bds)
Measurement conditions SN BER SN | BER
Local transmit level : -10 dBm on lower channel at Line 1 6 dB 21073 |-3dB| 21078
75 bps. _ . Line 2 7dB | 2107° |-3dB|2107°
Receive level : -25 dBm, with 511 bit pseudo-ran- Line 3 8dB | 210-° | -3 dB| 2103
dom test pattern. - = =
Test equipment : TRT sematest. Line 4 7dB | 210 ~-3dB|210
CHARACTERISTICS OF TEST LINES
dB CCETT LINE (FLAT) g dB CCETT LINE 2 (10%) ms
10 2 : —1
2 = 10 2
] =] z z
= = 8 o
o 1% F =
2 2 S ]
25 12 & 5 ANEY]
z > a ~ o
o < z >
g @ 2 P <
g a < A 1 u
zZo 03 2 o TR o og
= o i N 3
[ 4 I o
= I |~ \\ &
0 1000 2000 3000 Hz 0 1000 2000 3000 Hz
M88TS7514-13 M88TS7514-14
d8 CCETT LINE 3 (90%) ms dB CCETT LINE 4 (50%) ms
20 ; 4 > 20 z
5 \ A 5 g LY g
£ s / 3k T 15 z g
o A\ o o i
& I 5 2
g 10 -\ p /A /20 S 10 HH /;" 25
<] \ £ : <] 5
= A\ A P = w
< A /4 w < 10
S 5 ”~ 10 5 5 A 1 o
> o z \ o )L_ >
w 2 w o
= = o Eo ’ 0 &
2 o ’a i I 0% < e I @
- = " i { i o
1000 2000 3000 Hz 1000 2000 3000 Hz
M88TS7514-15 M88TS7514-16
Ly7 SGS-THOMSON 19721
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TYPICAL APPLICATION INFORMATIONS

+5 -
10 uF 10 uF
EXTERNAL e ]
SIGNAL |
1j00 nF| == 100 A
ATxI  V+ GNDD GNDA V-
%D RAO1
UART. R R 560 0 @
RAII
¢ PRD 560 0
0 TS ATO
N . TS 7514 18K
Mc/BC RAI2
MCU. T »| MOD/DTHF 12K
R ENP RAO2
100 nF 39 K T0
- DCD WLO — LOUDSPEAKER
0 AMPLIFIER
- 2c0 68K
L RFO
12,2 uF
s ] xtalouT  xtaln D!
EXTAL 9| IN4148
12 pFZ= 3.579 " 12pF 4.7K
(Ls04) It L
2N2222
+5V
(%) : REGULATION REQUIRED IN FRANCE ONLY
M88TS7514-17

POWER SUPPLIES DECOUPLING AND LAYOUT CONSIDERATIONS

Power supplies to digital systems may contain high
amplitude spikes and other noise. To optimize per-
formances of the TS7514 operating in close proxi-
mity to digital systems, supply and ground noise
should be minimized. This involves attention to po-
wer supply design and circuit board layout.

The power supplies should be bypassed with tanta-
lum or electrolytic capacitors to obtain noise free

ORDER CODES

operation. These capacitors should be located close
to the TS7514. The electrolytic type capacitors
should be bypassed with ceramic capacitors for im-
proved high frequency performance.

Power supplies connections should be short and di-
rect. Ground loops should be avoided.

Part Number Temperature Range Package
TS7514CP 0to+70°C DIP 24
TS7514CFN 0to+70°C PLCC 28

20/21 L§7 SGS-THOMSON
Y/ nicRorLEGTRONICS
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PACKAGE MECHANICAL DATA
24 PINS — PLASTIC DIP

4.57 max.

| AR ] \
3 0.38 1.77 max / 0.2 o°\‘
39 103 e

24
hsinicininininininieimisd

13

Datum

S A |

(1) Nominal dimension
(2) True geometrical position

32.6max.

00 J) G [ 0N [ N N

(1)
24 Pins

28 PINS — PLASTIC LEADLESS CHIP CARRIER

Pin 1 identification

420 ; 991

11,430

11,582

4,57 1\J0.92

J

2

ea127 'e'e'eie'eii__ 12,32 |

Typ- 051 12,57
max.
0,661
0,812
28 Pins
064 T 0,331
min. 0,533
(N7 SGS-THOMSON 21/21
’l MICROELECTRONICS
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TS7515

MICROELECTRONICS

SINGLE CHIP DPSK AND FSK MODEM

= MONOLITHIC DEVICE (includes both transmit
and receive filters)

= MIXING ANALOG AND DIGITAL TECHNICS

= STANDARD LOW  COST  CRYSTAL
(4.9152 MHz)

s AVAILABLE CLOCK FOR MICROPROCES-
SOR AT 4.9152 MHZ

= LOW POWER DISSIPATION
(CMOS technology)

s SHARP ADJACENT CHANNEL REJECTION

=« FIXED COMPROMIZE EQUALIZATION IN
TRANSMITTER AND RECEIVER

» TEST LOOPS. (local analog, local digital and re-
mote digital loopbacks)

= CARRIER DETECTION OUTPUT

= CCITT AND BELL SIGNALING TONE

= 1200 BPS AND 600 BPS BIT SYNCHRONOUS
FORMAT IN DPSK

= 1200 BPS AND 600 BPS + 1 %, - 2.5 % OR
+ 2.3 %, - 2.5 % CHARACTER ASYNCHRO-
NOUS FORMAT (8, 9, 10 or 11 bits) IN DPSK

= 0 TO 300 BPS IN FSK

= AUTOMATIC DIAL LINE MONITORING CAPA-
BILITY

= BREAK SIGNAL SUPERVISION

= EXTERNAL VOICE BAND TONE FILTERING
AVAILABLE (i.e. 550 Hz or DTMF)

= CMOS AND TTL COMPATIBLE

» DIRECT INTERFACE TO STANDARD MICRO-
PROCESSOR FAMILIES

DESCRIPTION

The TS7515 is a single chip DPSK and FSK voice—
band modem, compatible with the BELL 103, 212A
and CCITT V.22 A/B recommended standards.

MAIN OPERATING MODES

« STANDARD SELECTION (BELL 212A/BELL
103/V22)

= ANSWERTONE SELECTION (2100 or 2225 Hz)

= LOW SPEED MODE SELECTION

s CHANNEL SELECTION (answer/originate)

= SYNCHRONOUS/ASYNCHRONOUS MODE
SELECTION

= 8 BITS TO 11 BITS WORD LENGTH SELEC-
TION IN CHARACTER ASYNCHRONOUS

December 1988

FORMAT MODE

= OVERSPEED SELECTION IN CHARACTER
ASYNCHRONOUS FORMAT MODE

» SCRAMBLER SELECTION

= 1800 Hz GUARD TONE SELECTION IN V.22

a TEST LOOP SELECTION (DIGITAL/ANALOG)

DIP28
(Plastic Package)

(Ordering Information at the end of the Datasheet)

PIN CONNECTION

ve M » [] Xtal OUT
ATE [2 27[] Xeal IN
Ce []3 26[] CLK
Ass [a 25% TxSCLK
T (s 23[] TxCLK
ose (6 23[] ™0
8Rs []7 2[] RTS
RxD []8 2[] S@
RxCLk (]9 20[] GND
TesT [J1o |9j A0
oco (n 18] RAI
cs []r2 17{] Eext
ROI []13 16[] ATO
RFO E 14 150] v©
M88TS7515-01
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BLOCK DIAGRAM

SH EXI
1';} 17
V'L :
ASYNCHRONOUS TRANSMIT FILTER
x0 D—{23}4aIr0 SYNCHRONOUSH>[SCRAMBLERIS| | DFSK WITH FIXED ATO
CONVERTER ™  compromisE
| EQUALIZATION
] Fsk mopuLaTOR aND |
SIGNALING TONE GENERATOR
TxsCLk D—25H  pansmit RI;:I(\ZIEI_\’{'EFT)I(LEER RAI
etk <J24) DPLL l REFERENCE VOLTAGES l COMPROMISE EQUALIZATION RFO
DCD <H 1 < RDI
CARRIER DETECTION AMPJ,'\;:%RAND
RxD 4{aj~ - 1 1
FSK DEMODULATOR Y 4
[BASE BAND) CARRIER
DATA l€«— RECOVERY
RECOVERY Loop
TEST L
o —
SYNCHRONOUS DESCRAM-{ CLOCK Ip
~T|T0 ASYNCHRONOUS] BLer . I® ;EE%S{;ER l«— RECOVERY 9 RxCLK
CONVERTER LooP
Xl N cLoCKS CONTROL AND
X tal OUT MODE SELECTION
CLK RTS BRS A/0 TL ATE ©C/B A/S CLS OSE M88TS7515-02
218 (37 SGS-THOMSON
’I MICROELECTRONICS
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PIN DESCRIPTION
COMMON SECTION (supply, clock, handshaking and mode selection)

Pin : P
o Function Description

Name Type N P

Vv | 1 Positive Power Supply +5V

' | 15 Negative Power Supply | -5V

GND | 20 Ground oV

XIN | 27 Oscillator Input This pin corresponds to the input of the oscillator. It is
normally connected to an external crystal but may also
be connected to a pulse generator. The nominal
frequency of the oscillator is 4.9152 MHz.

XOouT o 28 Oscillator Output This pin corresponds to the output of an inverter with
sufficient loop gain to start and maintain the crystal
oscillating.

CLK o 26 Clock This pin delivers a clock signal, the frequency of which is
the crystal frequency. It may be used as a buffered clock
a microcontroller.

cB | 3 CCITT/BELL Selection This three-state input selects the features corresponding
to CCITT or BELL recommandation.

AS | 4 Synchronous/ This three-state input selects the synchronous bit format

Asynchronous Selection | or the asynchronous character format mode in DPSK
transmission. This input allows also character length
selection (refer to table 8).

CLS | 12 Character Length This input selects the character length in conjunction
with A/S input (refer to table 8).

OSE | 6 Over-speed Selection This input selects the over-speed in asynchronous
character format mode required by CCITT
recommandation (refer to table 8).

BRS | 7 Binary Rate Selection A Logic "0" on this input turns chip on1200 bps rate. A
logic "1" turns_the chip on 600 bps or 0-300 bps
according to C/B selection.

AO | 19 Answ./Orig. Selection A logic "0" on this input turns the chip on answer mode.
A logic "1" turns the chip on originate mode.

TL | 5 Test Loop Selection This three-state input, selects the test loops mode (refer

to table 6).

L3y SGs-THOMSON 318
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PIN DESCRIPTION (continued)

TRANSMIT SECTION

Pin

Type N°

Name

Function

Description

TxD | 23

Transmit Data

Data bits to be transmitted are serially presented on this
input. A mark corresponds to a logic "1" and a space to
a logic "0". This data determines which phase or
frequency appears at any instant at the ATO pin in
DPSK or FSK modes.

ATO e} 16

Analog Transmit Output

The analog output is the modulated carrier or the
answer tone to be conditionned and sent over the phone
line mixed with the filtered signal from EXI.

EXI | 17

External Tone Input

This analog input allows external tone to be filtered by
an internal low-pass filter. Filtered signal appears at ATO
whatever RTS.

ATE | 2

Answer Tone Enable

A logic "0" on this input instructs the chip to enter answer
signaling tone mode according C/B selection. A logic "1"
turns the chip on transmit data mode (refer to table 9).

SEI | 21

Scrambler Enable Input

A logic "0" on this input enables the internal scrambler.
A logic "1" instructs the chip to bypass the scrambler.

TxCLK (¢] 24

Transmit Clock from
Modem

This output delivers a transmit bit clock generated by
chip in synchronous mode. When TxSCLK is used,
TxCLK is locked on TxSCLK. This output generates a
logic "1" in asynchronous mode.

TxSCLK | 25

Transmit Clock from
Terminal

This input receives a bit clock supplied by the DTE. This
clock synchronizes the internal transmit clock of the chip.
In line monitoring mode this input receives the filters
clock.

RTS | 22

Request to Send Terminal

When a logic "0" is. present on this input, the chip
delivers on ATO a modulated signal or a signaling tone
and the filtered signal from EXI. When a logic "1" is
present on this input, ATO delivers only the filtered
signal from EXI. When a logic "~ 1" is present on this
input, the receive section may be used for line
monitoring and ATO delivers only the filtered signal from
EXI.

4/18
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PIN DESCRIPTION (continued)

RECEIVE SECTION
Name | _Pin N° Function Description
Type

RAI | 18 Receive Analog Input This input receives the analog signal from the hybrid. It
corresponds to the input of the receive filters.

RFO (0] 14 Receive Filter Output This analog output is the signal received on RAI once
filtered. The receive filter also equalizes the signal for
adaptation to most existing lines. This output must be
connected to RDI through a capacitor to meet the level
detection conditions.

RDI | 13  |Receive Demodulator Input| This pin is the input of the carrier detection logic and of
the demodulator

DCD (0] 11 Data Carrier Detect A logic "0" on this output indicates that a valid carrier
signal is present on RAI. A logic "1" means that no valid
signal is being received. The hysteresis meet standards
recommendation.

RxD o 8 Receive Data Data bits demodulated are available serially at this
output.

RxCLK o 9 Receive Clock This output delivers a receive bit clock generated by the
chip. In asynchronous mode this clock is 16 times the
modulation rate. In synchronous mode the clock is equal
to the bit rate.

TEST o 10 Test This output is an intermediate demodulator output
intented for handshake and test purposes.

The TS7515 is a general purpose monolithic DPSK
and FSK modem implemented with double poly
CMOS process. It is capable of generating and re-
ceiving phase modulated signals at data rates of
1200 bps or 600 bps as well as frequency modula-
ted signals at data rates up to 300 bps on voice-
grade telephone lines. It is offered in a 28 or 44 in
plastic package and is able to operate in full-duplex
mode according to three pin selectable standards :
= CCITT V22 A-B.

= Bell 212A with its low speed mode ;

= Bell 103.

DEVICE OPERATION

TRANSMITTER

The transmitter consists of two analog signal gen-
erators followed by switched capacitor and conti-
nuous filters. In phase modulation operation mode
the DPSK signal generator is preceded by a selec-
table scrambler and an asynchronous to synchro-
nous converter is included in character asynchro-
nous format mode.

Tone allocation : the modem on the end of the line
which initiates the call is called the originate modem.
In normal transmission operation it transmits in low
channel and receives in high channel. The other mo-
dem is the answer modem which transmits in high

Al filtering functions required for frequency genera-
tion, out-of-band noise rejection and demodulation
are performed by on-chip switched capacitor filters.
In phase modulation the modem provides all data
buffering and scrambling functions necessary for bit
synchronous format and asynchronous character
format modes of operation. Internal frequencies are
generated from a 4.9152 MHz crystal reference.

channel and receives in low channet

MODULATORS

DPSK modulator : the phase modulation type is dif-
ferential quadrature four phase shift keying (see ta-
ble 1). The 1200 bps data stream to be transmitted
is converted into two 300 dibits per second streams
which modulate alternatively two independant car-
riers. Consequently the base band shaping is inclu-
ded is a 5 bit address ROM which generates sam-
ples for a 8 bit switched capacitor DAC at a frequen-
cy equals to 8 times the carrier frequency.

L3y S5s:THOMSON 5/18
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Table 1 : DPSK Modulation.

TxD Phase
Shift

BRS n_1

0 0 +90°

0°

+270°
+180°
+90°

—_
—lo|Oo|=|=|O|3

+270°

(*) x : don't care.

FKS modulator and tone generator : a frequency
synthesizer provides accurate clocks to a switched
capacitor sine wave generator (see table 2). Phase
continuity is maintained when a frequency shift oc-
curs.

- Table 2 : FSK Modulation (BELL 103).

Ao T frequency
0 0 2025 Hz
1 2225 Hz
1 0 1070 Hz
1 1270 Hz
TRANSMIT FILTERS

To avoid unwanted frequency components to be
echoed by the hybrid in the reception path, to main-
tain the level of spurious out-of-band signals trans-
mitted to the telephone line below the limits speci-
fied by administrations (see figure 1) and to com-
plete statistical amplitude and phase equalization,
the analog signals are processed by ten poles sharp
pass-band switched capacitor filters. The response
of these filters depends on the selected channel
(Answer/Originate) and the selected standard
(BELL 212 - V.22 BELL 103). A continuous filter eli-
minates parasitic sampling effects. An additional
low-pass filter input is provided. This allows to mix

6/18 Ly7 S5S:THOMSON

and filter such tones as DTMF signals or special

guard tones (550 Hz) to the transmitted signal.

SCRAMBLER

The scrambler used during phase modulation en-
sures the transmission of a continuously changing
pattern. This avoids the receiving modem to drop
out of lock on certain continuous repetitious data
patterns.

This scrambler may be disabled during handsha-
king procedures. In V.22 a special unlocking se-
quence is performed on 64 spaces pattern at scram-
bler output.

ASYNCHRONOUS TO SYNCHRONOUS
CONVERTER

The DPSK signal is synchronous in nature but the
modem has both an asynchronous as well as a syn-
chronous mode of operation in DPSK. So a data
buffer is necessary to convert variable rate asyn-
chronous character data to an equivalent bit orien-
ted synchronous data stream. This is done by inser-
ting or deleting stop bits. If serial input data contains
abreak signal through one character (including start
and stop bits). One break will be extended to at least
2+M + 3 bits long (where N is the number of trans-
mitted bit/character).

Figure 1 : Transmitted Signal Template.

A dBm

T t >
3.4 4. 16 f (kH2)
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Table 3 : Output Frequency Deviation.

Standard Frequency % Deviation Mode
Frequency using 4.91 MHz from Standard

1070 Hz 1066.7 Hz -03% BELL 103 Originate

1200 Hz 1200 Hz BELL 212A or V22, Originate

1270 Hz 1269.4 Hz -0.05% BELL 103 Originate

1800 Hz 1807.1 Hz +0.4 % Guard Tone V22

2025 Hz 2021 Hz -02% BELL 103 Answer

2100 Hz 2104. 1 Hz +02 % Answer Tone CCITT

2225 Hz 2226. 1 Hz + 0.05 % BELL 103

Answer or Answer Tone BELL
2400 Hz 2400 Hz BELL 212A or V22, Answer
RECEIVER

The receiver includes two band-pass filters followed
by an amplifier and a hard limiter. Depending on se-
lected standard, the detector output is passed
through a DPSK demodulator or a FSK demodula-
tor. The DPSK demodulator is followed by a des-
crambler and a selectable synchronous to asyn-
chronous converter. In addition a carrier detector
monitors the level of the received signal.

Tone allocation : in normal transmission operation
the originate modem receives in high channel and
transmits in low channel. The answer modem re-
ceives in low channel and transmits in high channel.

RECEIVE FILTERS

The signal delivered by the hybrid to the receive
analog input is a mixture of transmitted signal, re-
ceived signal and noise with a level in the range from
- 48 dBm to - 0 dBm. Depending on the operating
mode and the selected standard the 20 poles re-
ceive switched capacitor band-pass filter selects the
frequency band of the low channel or the high chan-
nel. A ratio of 14/15 is applied on the sampling clock
frequency between FSK and DPSK in the same
operating mode (Answer/Originate). These filter re-
ject out-of-band transmission noise components
and undesirable adjacent channel echo signals
which can be fed from the transmit section into the
receive section. Fixed equalization is included in or-
der to assure low error rate.

AMPLIFIER AND HARD LIMITER

Once filtered the received signal is amplified and fed
to the carrier detector. In order to limit analog parts
in the design all the demodulator techniques used
inthe TS7515 are based on zero crossing detection.
So the received signal is just limited before entering
demodulator.

DEMODULATORS

DPSK demodulator : a DPLL is used to recover the
carrier signal. This DPLL has a lock range of +2 Hz
but as the incoming carrier may present an offset of
+ 7 Hz a second loop allows the first DPLL to lock
on the exact frequency of the carrier with an accu-
racy of £ 1 Hz and to follow its slow variations in
1200 bands mode only. Then the limited received
signal is mixed through exclusive-Or with the reco-
vered carrier and with the 90 degrees phase shifted
recovered carrier. The results are processed
through four poles Bessel filters wich provide a good
amplitude propagation time compromise. The recei-
ved sampling clock recovered from these base and
data with a simple DPLL. The received data are
sampled by this clock and then converted into a se-
rial synchronous bit stream.

FSK demodulator : the zero crossing detector out-
put is passed through a shift register whose length
depends on the operating mode (Answer/Qrigi-
nate). The output of the shift register and the detec-
tor are mixed into an exlusive Or. Then they are pro-
cessed through a four poles Bessel filter and a sli-
cer.

TEST OUTPUT

Once demodulated DPSK data are generally pro-
cessed (cf next paragraph) but during call set-up
procedures or data set testing it is of importante to
monitor the demodulator output. So in DPSK mode
demodulated data are available on TEST pin.

DESCRAMBLER AND SYNCHRONOUS TO
ASYNCHRONOUS CONVERTER

Data coming from the DPSK demodulator are uns-
crambled. In V.22 the unlocking sequence is detec-
ted at descrambler input and the original data are

Ly7 S5S:THOMSON 7118
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decoded before descrambling. In asynchronous
character format mode of operation a data buffer is
able to detect missing stop bits and reinsert them.
The converter is able to recognize the break signal
and transmits it without modification.

CARRIER DETECTOR

Whenever valid signals are being received at the in-
put of the demodulator and are acceptable for de-
modulation, carrier detect output is pulled down. A
delay is timed out before the carrier received or car-
rier lost signal changes carrier detect output to pro-
vide immunity against noise bursts. The modem al-
so provides at least 2 dB of hysteresis between the
carrier ON and the carrier OFF thresholds (see dia-
gram below).

LOOP TEST
LOOP 3

This loop is called the analog loop. When itis selec-
ted the receive filters and the modulators are confi-
gured to process the same channel as the transmit
section. The transmit carrier has to be looped back
externally to the receive analog input. This loop al-
lows the user or the DTE to check the satisfactory
working of the local DCE.

LOOP 2

This loop is called the digital loop. When it is selec-
ted received data, receive clock and data carrier de-
tect signals are respectively and internally looped
back on transmit data, transmit clock from terminal
and request to send . This loop allows the user or
the DTE to check the satisfactory working of the line
and the remote DCE.

Table 4 : Clock Operation.

N1

-

=
—
—
 —
7

N2
ov

14 t2
"'J M88TS7515-04

In DPSK mode 105 ms <t1<205ms 10 ms<t2<24 ms
In FSK mode 105 ms<t1<205ms 25ms<t2<75ms

CLOCKS

In synchronous mode of operation TXCLK, TxXSCLK
and RxCLK are respectively working as the V.24 cir-
cuits C114, C13 and C15. In asynchronous mode
of operation RxCLK can be used as baud rate clock
to synchronize the transmit and the receive sections
of a UART (see table 4).

OSCILLATOR OUTPUT

The buffered master clock (4.9152 MHz) is made
available at output CLK. It can be used as a clock
for a microcontroller.

VOLTAGE REFERENCE

A temperature compensated voltage reference
build with a zener is included in the chip. This vol-
tage is used to calibrate transmit levels and to ge-
nerate the carrier detection thresholds.

A/S c/B BRS TxCLK RxCLK Mode
-1 -1 0 1 19.2 kHz V.22
ouo ou 0 1 1 9.6 kHz Asynchronous
1 0 1 19.2 kHz BELL 212A
1 1 4.8 kHz Asynchronous and BELL 103
1 -1 0 1200 Hz 1200 Hz V.22
ouo 1 600 Hz 600 Hz Synchronous
1 0 1200 Hz 1200 Hz ' BELL 212A
1 1 4.8 kHz Synchronous and BELL 103
818 [Ny SGS-THOMSON
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LINE MONITORING

A special mode has been included in the TS7515 to
monitor the line during an automatic call. When this
mode is selected (A/S =0, RTS = - 1) receive filters
clock is directly derived from TxSCLK which allows
the user to precisely observe broad frequency
bands. Furthermore the DCD performs afast carrier
detection equivalent to an envelope detection. As

Table 5.

the center frequency of the receive filters is propor-
tional to TxSCLK frequency in this mode it is possi-
ble to tune the passband according to the frequen-
cy to be detected (see table 5).

TxSCLK : must be created from the TS7515 master
clock (4.9152 MHz).

TXSCLK Originate (K/O =1) Answer (K/O =0) Applicati
x Center Passband Center Passband pplication
Frequency at 3 dB Frequency at 3 dB
210 kHz 2400 Hz | +400Hz | 1200Hz | +400 Hz D;th?on
440 H.
510 Hz + 85 Hz Detection
45 kHz
330 Hz
260 Hz + 85 Hz Detection
Dial Tone and
76.8 kHz 440 Hz + 150 Hz Busy Tone
Detection

APPLICATION INFORMATION

In a typical application a microcontroller provides
control and interface to the Data Terminal Equip-
ment (DTE), and a Direct Access Arrangement pro-
vides connection to the telephone line. Then the
TS7515 can communicate with the most popular
modems (BELL 103 and BELL 212A) in countries
under BELL standards and popular modems (V.22)
in countries under CCITT recommendations.

POWER SUPPLIES DECOUPLING AND
LAYOUT CONSIDERATIONS

Power supplies to digital systems may contain high
amplitude spikes and other noise. To optimize per-
formances of the TS7515 operating in close proxi-
mity to digital systems, supply and ground noise
should be minimized. This involves attention to po-
wer supply design and circuit board layout.

The power supplies should be bypassed with tanta-
lum or electrolytic capacitors to obtain noise free
operation. These capacitors should be located close
to the TS7515. The electrolytic type capacitors
should be bypassed with ceramic capacitors for im-
proved high frequency performance.

Power supplies connections should be short and di-
rect. Ground loops should be avoided.

‘y_l SGS-THOMSON

Coupling between analog inputs and digital lines
should be minimized by careful layout. The RDI in-
put (pin 13) is extremely sensitive to noise.

The connection between this point and RFO (pin 14)
through a ceramic type capacitor should be as short
as possible and coupling between this connection
and digital signals should be minimized by careful
layout.

CARRIER RECOVERY LOOP

The carrier recovery loop utilizes a digital phase lock
loop. Performances of the TS7515 depend directly
on this DPLL which needs to be resetted before re-
ceiving a DPSK carrier.

Three ways of resetting the DPLL exist on the
TS7515: o

* A trailing edge on DCD .

+ Changing FSK mode to DPSK mode or reversely.
+ Changing receive channel .

These three ways of resetting the DPLL should be
used in the software included in the microcontroller
to perform the various set-up procedures and
handshakes.

9/18
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EXAMPLES

* V.22-V.25 received signals in Originate mode.
Line OO0 [2100 Hz] [unscrambled marks 2400 Hz] [data...

DCD 1 | 1

The DPLL is automatically resetted
o Bell 212A received signals in Originate mode.
Line OO0 [2225 Hz] [scrambled marks 2400 Hz] [ data...

L L

This transition to "1" is needed to reset the DPLL

TYPICAL PERFORMANCES

The typical performances listed below are achieved BER 10 3for a3 dB SNR
with the environment described in the previous pa- BER 10 for a8 dB SNR
ragraph. + Specific DPSK performances
+ Dynamic range : 0 dBm to - 45 dBm. Phase hits sensitivity ~ : 25 degree s
« BER performances : Phase Jitter - 35 degree § BER < 10
Conditions : ~ Xmit level = - 10 dBm, Amplitude hits sensitivity : + 10 dB
Rec level = - 25 dBm, Offset carrier sensitivity : SNR increase
Message 511 bits <+1dB
on CCETT lines 1, 2, 3, 4 1800 H dtone
and CNET lines QN and 3 VHF . itivizt guardione SNR increase
and US lines C4, C2, and CO. sensitivity 2B
1200 bps operation -
BER 10 '3F;or : 7 dB SNR . §pec!f|c F$K performances
BER 10 ®fora 11 dB SNR Bias Distortion : less than 5 %
300 bps operation Jitter : less than 12 %
10/18 .
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SELECTION MODE TABLES

SYNTHESIS OF DIFFERENT MODES FOR RECEIVE SECTION

Table 6.
c/B BRS TL A0 Receive Mode
-1 X -1 0 DPSK Originate Loop 3
ouo 1 DPSK Answer Loop 3
0 0 DPSK Answer Loop 2
1 DPSK Originate Loop 2 V.22
1 0 DPSK Answer
1 DPSK Originate
1 0 -1 0 DPSK Originate Loop 3
1 DPSK Answer Loop 3
0 0 DPSK Answer Loop 2 BELL 212 A
1 DPSK Originate Loop 2
1 0 DPSK Answer
1 DPSK Originate i
1 -1 0 FSK Originate Loop 3 Including
1 FSK Answer Loop 3
0 0 FSK Answer Loop 2
1 FSK Originate Loop 2 BELL 103
1 0 FSK Answer
1 FSK Originate
Answer  : Receive in low channel
Originate : Receive in high channel
Loop 3 : Analog loop
Loop 2 : Digital loop
13/18
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SELECTION MODE TABLES (continued)
SYNTHESIS OF DIFFERENT MODES FOR TRANSMIT SECTION

Table 7.
ATE C/B BRS A/0 Transmit Mode
0 -1 X X
Ol; 0 21222 HHZ Answer Tone
4
1 -1 0 0 DPSK 1200 bps Answer
1 DPSK 1200 bps Originate V.22 without
1 0 DPSK 600 bps Answer Guard Tone
1 DPSK 600 bps Originate
0 0 0 DPSK 1200 bps Answer
1 DPSK 1200 bps Originate V.22 with
1800 Hz Guard
1 0 DPSK 600 bps Answer Tone
1 DPSK 600 bps Originate
1 0 0 DPSK 1200 bps Answer
1 DPSK 1200 bps Originate BELL 212A
1 0 FSK 0-300 bps Answer
1 FSK 0-300 bps Originate
Answer  : Transmit in high channel
Originate : Transmit in low channel
MODE SELECTION IN PHASE MODULATION TRANSMISSION
Table 8.
A/'S CLS OSE Tran;r::jsesmn Length Over-speed
-1 0 0 8 +1%, -25%
1 +23%,—-25%
1 0 11 +1%,-25%
1 +23 %, —25%
Asynchronous
0 0 0 o +1%,—-25%
1 +23%,—25%
1 0 10 +1%, -25%
1 +23%,—25%
1 0 0 Synchronous
14/18 Ly7 SGS-THOMSON
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SELECTION MODE TABLES (continued)
TEST PIN

Table 9.
ATE C/B BRS Transmit Receive Test
0 &110 0 2100 Hz V.22 DPSK 600 bps DDO
1 V.22 DPSK 1200 bps DDO
1 0 2005 Hz BELL 212A DPSK 1200 bps DDO
1 BELL 103 FSK 0-300 bps HLO
1 -1 0 V.22 without Guard Tone DPSK 1200 bps DDO
1 V.22 without Guard Tone DPSK 600 bps DDO
0 0 V.22 with Guard Tone DPSK 1200 bps DDO
1 V.22 with Guard Tone DPSK 600 bps DDO
1 0 BELL 212A DPSK 1200 bps DDO
1 BELL 103 FSK 0-300 bps HLO
DDO : DPSK demodulator output
HLO : Hard limiter output
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
v+ Supply Voltage +7 \"
' Supply Voltage -7 \
Vin Analog Input Range V™ <Vjp<V* \
A Digital Input Range (except three-state inputs) GND < V;<V* \
Via Three-state Input Range V- <Vizg<V* \"
Ta Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range -55t0 125 °C
Ts Pin Temperature (soldering, 10 s) 260 °C

Stresses above those listed under "Absolute maximum ratings" may cause permanent damage to the device. This is stress rating only and
functional operation of the device at these or any other conditions for extended periods may affect device reliability. Standard CMOS handling

procedures should be employed to avoid possible damage to device.

ELECTRICAL OPERATING CHARACTERISTICS

Symbol Parameter Min. Nom Max. Unit
v Positive Supply Voltage 4.75 5 5.25 Vv
\'a Negative Supply Voltage -5.25 -5 -4.75 \"

I V* Operating Current - 10 30 mA
1~ V~ Operating Current - 20 -7 - mA
Oy 350N —
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D.C. AND OPERATING CHARACTERISTICS

TA=0°Cto+70°C, V' =+5V+5%V =—5V+5%GND=0V

DIGITAL INTERFACE

Symbol Parameter Min. | Typ. * | Max. Unit
I Input Current (ViLmin < V| < Vi max) - 50 - 50 UA
loL Output Low Level Current (VoL =0.4 V) 800 - - UA
loH Output High Level Current (Vou =2.4 V) - - — 40 pA
Vi Input Low Voltage GND - 0.8 \'
Vin Input High Voltage 2 - v Vv
Vin Input Negative Voltage V- - -4 \

ANALOG INTERFACE, FILTERS INPUTS AND OUTPUTS (RAI-RFO, EXI-ATO)

Symbol Parameter Min. | Typ. * | Max. Unit
IL Input leakage Current (-3 V< VN <+ 3 V) -10 - 10 HA
Ri Input Resistance 3 - MQ
Vin Input Voltage Swing -3 - +3 \

Vor Output Offset Voltage - 500 - + 500 mV
Vos Output Voltage Swing (R > 10 kQ) -2 - +2 \
OL Load Capacitance - - 20 pF
Ry Load Resistance 10 — kQ
D Signal Distortion - 40 dB
ANALOG INTERFACE, TRANSMIT OUTPUT (ATO) EXI Connected to GND
Symbol Parameter Min. | Typ. * | max. Unit
Vor Output Offset Voltage - 500 - + 500 mV
Output Voltage Swing (R./10 kQ, C. = 20 pF) - -
Vo Carriers 2.2 Vpp
Vo Guard Tone 1800 Hz/Data Signal | -7 -6 -5 dB
Ar RTS Attenuation 55 - - dB
ANALOG INTERFACE, RECEIVE DEMODULATOR INPUT (RDI)

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

Clink ** | Serial Capacitor from RFO +1 1 5 uF
NI Maximum Detection Level to Valid DCD Output - - 55 mVrms
N2 minimum Detection Level to Valid DCD Output 3.1 - - mVrms

N1/N2 Hysteresis Effect 2 - 5 dB

* Typical values are for TA =25 °C and nominal power supply values.
* * This capacitor must be unpolarized type capacitor

1618 L37 S5s-THOMSON
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DYNAMIC CHARACTERISTICS
RECEIVE FILTER TRANSFER CHARACTERISTICS IN DPSK

Low Channel
Symbol Parameter Min. | Typ. * | Max. | Unit
GA Absolute Passband Gain at 1200 Hz - +95 - dB
GR Relative Gain to GA at 600 Hz - - 45 - dB
900 Hz - -05 - dB
1500 Hz - +0.8 - dB
1800 Hz - -50 - dB
2400 Hz - - 65 - dB
High Channel
Symbol Parameter Min. | Typ. * | Max. Unit
GA Absolute Passband Gain at 2400 Hz - +95 - dB
GR Relative Gain to GA at 2100 Hz - 0.2 dB
2700 Hz - +0.7 - dB
1800 Hz - -25 - dB
1200 Hz - - 68 - dB

RECEIVE FILTER TRANSFER CHARACTERISTICS IN FSK

In FSK the receive filter is the same as in DPSK but the sampling frequency is multiplied by a 14/15 ratio (i.e.
2400 Hz in DPSK becomes 2240 Hz in FSK).

Low Chaiinel
Symbol Parameter Min. | Typ. * | Max. Unit
GA Absolute Passband Gain at 1120 Hz - 9.5 - dB

High Channel
Symbol Parameter Min. | Typ. * | Max. Unit
GA Absolute Passband Gain at 2240 Hz - 95 - dB

* Typical values are for TA =25°C and nomihal power supply values.

Ly7 SGS-THOMSON 1718
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SUMMARY OF THE DIFFERENCES BETWEEN BELL 212A AND V.22 A-B

Table 10.
Feature BELL 212A V.22

Low Speed Mode 0-300 bps FSK 600 bps DPSK

Guard Tone No 1800 Hz Optional *

Answer Tone 2225 Hz 2100 Hz

Character Length is Asynchronous Mode in DPSK 9, 10 bits 8,9, 10, 11 bits **

Over Speed Mode in Asynchronous Mode in DPSK No Yes **

64 Spaces Detection No Yes
* 550 Hz may be externally generated and added to the transmit signal through EXI.
** Features of V.22 are available in BELL 212A on the chip. .
All these differences are taken into consideration inside the TS7515.
ORDERING INFORMATION

Part Number | Temperature Package

Range

TS7515CP Oto+70°C PLASTIC 28 DIL

TS7515IP —25to + 85°C | PLASTIC 28 DIL
PACKAGE MECHANICAL DATA
28 PINS — PLASTIC DIP

mm
e=254(2) 4.57 max.
€, C€aCc e a0, C 0, 0 0 €€ 16.1 max.
¥ | 0.51 min.
T =N
5.08 max | 1

N §
©

39 0.508

28 15
Faiminisinininsioinisiainial

038 177 mox.

(.

—Lﬂ

03

15,24
2]

(1) Nominal dimension
(2) True grometrical position

pe Lluuuuuuuuuuu‘ﬁ
1
38.1 max.

28,

18/18
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V.22 BIS, V.22, BELL 212, V.21

V.23, BELL 103 MODEM CHIP SET

CCITT V.22 BIS COMPATIBLE MODEM CHIP

SET

» CCITT V.21, V.22 AND V.23 COMPATIBLE

MODEM CHIP SET

BELL 103 AND 212 COMPATIBLE MODEM

CHIP SET

DIGITAL SIGNAL PROCESSING (TS75240)

AND ANALOG FRONT-END (TS68950/51/52)

IMPLEMENTATION

» QAM, DPSK AND FSK MODULATION AND

DEMODULATION

DATA TRANSMISSION SPEED :

- 2400 bps in QAM

- 1200 or 600 bps in DPSK

- 1200 or 300 or 75 bps in FSK

ADAPTIVE EQUALIZATION

TRANSMIT AND RECEIVE FILTERING

SHARP ADJACENT CHANNEL REJECTION

PROGRAMMABLE TRANSMIT OUTPUT

LEVELS ‘

ON-CHIP 4/2-WIRE HYBRID CAPABILITY

s ANSWER TONE DETECTION AND GENERA-

TION FOR CCITT (2100 Hz), BELL (2225 Hz),

AND TRANSPAC (1650 Hz) RECOMMENDA-

TIONS

550 Hz AND 1800 Hz GUARD TONE GENERA-

TION

DTMF TONE GENERATION

CALL PROGRESS TONE DETECTION

SELECTABLE SCRAMBLER AND DESCRAM-

BLER

DYNAMIC RECEIVE RANGE 0 TO - 48 dBm

» TYPICAL 107*B.E.R. ACHIEVED WITH A 13 dB
S/N RATIO (V.22 BIS)

s +10 Hz FREQUENCY OFFSET CAPABILITY

= SUPPLY VOLTAGE : £5V

DESCRIPTION

The SGS-THOMSON Microelectronics multi-stand-
ard V.22 bis chip set is a high performance modem
engine, which can operate up to 2400 bps in full du-
plex over public switched telephone network or lea-
sed lines. The TS7524 also allows implementation

December 1988

ADVANCE DATA

of modems complying with CCITT V.21, V.22, V.23,
and BELL 103, 212 recommendations. The modem
hardware consists of a DSP chip and a 3-chip ana-
log front end (MAFE). The modem signal proces-
sing functions are implemented on a TS68930 pro-
grammable digital signal processor, namely
TS75240. The three analog front end chips
(TS68950/51/52) are respectively the transmit inter-
face, the receive interface and the clock generator.

DIP48
(Plastic Package)
TS75240

DIP24
(Plastic Package)
TS68950

P

DIP28
(Plastic Package)
TS68951/2

TS68950/51/52 available in PLCC Packages

(Ordering Information at the end of the datasheet)

1/36
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1. PIN DESCRIPTION
1.1. SYSTEM INTERFACE
TS75240 (DSP)

Name N° Type Description
ADO.AD7 27.34 /0 Sy§tem Data Bus : these lines are used for transfer between the TS7524
mailbox and the control processor.
Ccs 21 | Chip Select : this input is asserted when the TS7524 is to be accessed by
the control processor.
RS 22 I Register Select : this signal is used to control the data transfers between
the control processor and the TS7524 mailbox.
SDS 20 | System Data Strobe : synchronizes the transfer between the TS7524
mailbox and the control processor.
SRW 19 | System Read/Write : Control Signal for the TS7524 Mailbox Operation
RQ 24 o Interrupt Request : signal sent to the control processsor to access the
TS7524 mailbox.
RESET 23 I Reslet of the TS7524. Must be maintened for a minimum of five clocks
cycles.

1.2. ANALOG INTERFACE
TS68950 (analog front end transmitter)

Name N° Type Description

ATO 15 o Analog Transmit Output

TS68951 (analog front end receiver)

Name Ne° Type Description
RAIl 16 | Receive Analog Input
LEI 17 | Local Echo Input. This signal is subtracted from signal RAI.

1.3. CLOCK INTERFACE
TS68952 (clock generator)

Name Ne° Type Description

TxCLK 23 (¢] Transmit Bit Clock

TxRCLK 16 (0] Transmit Baud Clock

TxCCLK 24 .0 Transmit Conversion Clock
TXMCLK 18 (e] Additional Transmit Clock

RxCLK 22 (0] Receive Bit Clock

RxRCLK 20 (0] Receive Baud Clock

RxCCLK 21 (¢] Receive Conversion Clock
RxMCLK 19 (¢] Additional Receive Clock .
TXSCLK 11 | Transmit $ynchro Clogk :can be used to synchronizg the.transmitter on an

external bit clock provided by the RS232C (or V 24) junction.

4/36
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2. FUNCTIONAL DESCRIPTION

2.1. SYSTEM ARCHITECTURE

The SGS-THOMSON V.22 bis chip set is a highly
integrated modem engine which provides the func-
tionality and performance requirements for full-du-
plex 2400 bps modem solutions at a low cost with
excellent performance due to digital signal proces-
sing technology. On top of the V.22 bis, the TS7524
chip set also implements the CCITT V.21, V.22,
V.23 and BELL 103, 212 requirements.

The TS75240 is a programmable digital signal pro-
cessor which implements the complete signal pro-
cessing functions required to send and receive da-
ta according to the standard requirement and utili-
ties such as call progress tone detection, auto-ans-
wer tone detection and tone generation.

The TS68950/51/52 MAFE (modem analog front
end) is designed to meet the requirements of the
whole range of voiceband modems.

Figure 1 : TS7524 Block Diagram.

The MAFE incorporates all the required program-
mable gain control and clock circuitry, and signal fil-
tering (band-limiting, anti-aliasing and smoothing fil-
ters).

Interfacing the TS7524 chip set to a control proces-

sor is very straightforward and requires no external
interface circuitry.

The TS7524 chip set along with a data access ar-
rangement (DAA), a control processor and a
V.24/RS232 interface and/or an UART, is particu-
larly well-suited for high-performance modem.

The modem supervision is insured by a control pro-
cessor which implements the handshake monito-
ring, the auto/manual answer and dialing modes,
the test modes and fall back capability and the
async/sync and sync/async conversion.

CLKOUT 5 MAFE ';
TS75240 !
. TS68950 — ATO
SYSTEM |
C o ADO-AD7 2 |
A |
/ ' i
c | '
J— L i I
RESET o _,\ ! LEI
° !
_ ¢ K TS68951 || RAI
CS / rj/ |
c | ! i
_ o i H
RS N !
T !
_ R |
SR/W o LI/\ |
. !
DS TS68952 |
Q | |
Terminal clock (TXSCLK) oo 1 """" ’
Tx and Rx clocks <
(TXCLK/TXMCLK)(RXCLK/RXMCLK) M88TS7524-01
4§y SGS-THOMSON 536
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2.2. PROCESSOR AND MAFE CHIPS ARRANGE-
MENT

The TS75240 is connected to the analog front end
chips through its local bus where D8 through D15
are the 8-bit data bus and A8 through A11 are four
address lines used to address directly the three ana-
log front end chips.

Data-Strobe (DS) is used to synchronize the trans-
fer of data. Read/Write (R/W) indicates the direction
of data. Four Branch-on-External-Condition signals
(BE3 to BES6) are connected to the different clock si-
gnals issued from the clock generator interface
(TS68952). They are used by the TS75240 to per-
form its real-time task scheduling.

Figure 2 : Interconnections between the Analog Front End Chips and the Digital Signal

Processor TS75240.
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2.3. OPERATION

2.3.1. ANALOG FRONT END DESCRIPTION. The
MAFE (TS68950/1/2) is a modem analog front end
designed in three chips which performs the following
functions controlled by the TS75240 digital signal
processor according to the selected modem stand-
ard.

Transmit Analog Interface (TS68950) :

= 12-bit D/A converter synchronized with the sam-
pling transmit clock.

» Low-pass and smoothing continuous-time filters

» 0to22dB (orinfinite) programmable attenuation.

Receive analog Interface (TS68951) :
= 12-bit A/D converter synchronized with the sam-
pling receive clock.

Figure 3 : MAFE Block Diagram.

= Band-pass programmable filter.
» Back channel rejection filter.

= Smoothing filter.

= 0 to 46.5 dB gain amplifier.

Clock Generation Interface (TS68952) :

s Transmit time base with programmable synchro-
nization on data terminal equipment clock or ex-
tracted receive clock.

» Programmable receive time base DPLL.

s Four programmable plesiochronous transmit and
receive clocks (rate, sampling, bit and additional
clocks).

CLK OUT/2 CLK

Terminal clock TxSCLK

Tx signal

low pass
DAC SH filter

TxROLK Tx-DPLL
RXRCLK and
RxCCLK Rx-DPLL

TXCCLK clock
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* -
and rejection + anti aliasing
filter

Analog Transmit Output
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R

Recewe Anolog Input

=

TxCLK
TxMCLK
RxCLK
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2.3.2. OPERATING MODES. The modem imple-
mentation is fully compatible with different CCITT
and BELL recommendations as listed in table 1. It
may operate at different bit rates, from 75 bps to
2400 bps.

In case of switching from any mode to another, are-
set must be applied to the TS75240 reset pin, ex-
cept during the V.22 bis handshaking (the V.22 bis
and V.22/BELL 212 software modules implemented
in the TS75240 are compatible).

A DTMF tone generator is provided to output one of

Table 1 : TS7524 Operating Modes.

16 standard dual tones coded by a combination of
two frequencies. For specific applications where sin-
gle tone is required, the DTMF generator provides
the possibility to select either the high frequency or
the low frequency of the standard dual tones.

A tone detector and a carrier detector respectively
recognize the different answer tones (CCITT 2100
Hz, BELL 2225 Hz and Transpac 1650 Hz) and call
progress tones (300 Hz to 700 Hz), as well as the
presence or the absence of the on-line carrier signal
(both for PSTN and leased lines).

Recommendation Bauds BPS Duplex Answer Orig Modulation
V. 22 BIS 600 2400 Full Yes Yes QAM (quadribit)
V. 22 600 1200 Full Yes Yes DPSK (dibit)
BELL 212 600 1200 Full Yes Yes DPSK (dibit)

V. 22 600 600 Full Yes Yes DPSK (bit)

V. 21 300 300 Full Yes Yes FSK

BELL 103 300 300 Full Yes Yes FSK

V.23 1200/75 75/1200 Full Yes Yes FSK

2.3.3. TRANSMIT (fig. 4) :

- V.22 bis, V.22 and BELL 212. QAM or DPSK mo-
dulation is used to send four (V.22 bis) or two (V.22
and BELL 212) or one (V.22) bit (s) of information
at 600 bauds modulation rate.

The scrambler can be bypassed, as user’s option
usually during the handshake procedure. After co-
ding, a raised cosine filter (roll-off factor 0.75) per-
forms pulse shaping and provides a 45 dB rejection
between the channels so as to comply with V.22 bis,
V.22 and BELL 212 standard requirements. When
required, a 1800 Hz or 550 Hz guard tone can be
added to the transmitted signal.

8/36
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- V.23, V.21 and BELL 103

The FSK modulation is used to send one bit of in-
formation at 1200 or 75 baud (V.23) or 300 bauds
(V.21 and Bell 103).

- DTMF

The DTMF generator outputs one of 16 standard
dual tones synthetized by the TS75240 and selec-
ted by a 4-bit binary value as described later. Each
tone is coded by a combination of two frequencies.
The DTMF generator may be programmed to gene-
rate one tone at a time.

The transmit attenuation level is programmable over
a 23 dB dynamic range by 1 dB steps.




NN S

T1S7524

Figure 4 : TS7524 Transmit Block Diagram.
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2.3.4. RECEIVE (fig. 5) :
- V.22 bis, V.22 and BELL 212.

QAM or DPSK demodulation is used to receive four
(V.22 bis) or two (V.22 and BELL 212) or one (V.22)
bit (s) of information at 600 bauds.

- V.23, V.21 and BELL 103

The FSK demodulation is used to recejve one bit of
information at 1200 or 75 bauds (V.23) or 300 bauds
(V.21 and BELL 103).

- Tone Detection
The TS7524 recognizes the following tones :

- 2100 Hz and 2225 Hz answer tone detection
- 1650 Hz V.21 Transpac answer tone detection
- 300 to 700 Hz call progress tone detection

Adaptive equalization, DPLL and AGC compensate
for line impairments, frequency offset, group delay
and amplitude distorsions.

Efficient rythm recovery algorithms provides accu-
rate samplin_g on the receive signal with a variation
upto£2.107".

Decoded data are provided in scrambled or des-
crambled format.

2.4. TS7524 INTERFACE (fig. 6)

2.4.1. TS7524 ANALOG INTERFACE. The transmit
signal at the line interface (output ATO) is program-
mable over a 23 dB dynamic range by 1 dB steps
through the TS75240 mailbox.

The receive signal at the line interface (input RAI)
can have a dynamic range from 0 to — 48 dBm.

With a simple circuit using a minimum of external
components, the TS7524 can transmit with a level
of —12 dBm on line and provide the adequate re-
jection of the transmit signal on the receive channel.

2.4.2. TS7524 DIGITAL INTERFACE. The interface
between the TS7524 chip set and the control pro-
cessor is managed by the TS75240 via its system
bus and internal mailbox. The mailbox allows the
control processor to read/write three consecutive
data-bytes through AD0-AD7 bus. The mailbox ex-
changes follows the protocol described in fig. 2.4.3.

The TS75240 digital interface signals, and their de-
finition are listed in table 2.
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Figure 5 : TS7524 : Receive Block Diagram.
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Table 2 : Digital Interface Signals.

Interface Input/output Signal Definition
Signals 1/0
ADO 110 Data-Bus (LSB)
AD1 1/0 Data-Bus
AD2 1/0 Data-Bus
AD3 110 Data-Bus
AD4 [/{e] Data-Bus
AD5 110 Data-Bus
AD6 /0 Data-Bus
AD7 1/0 Data-Bus (MSB)
SRW | Read/write Signal
SDS | Data Strobe
RQ o Mailbox Handshake
CS | TS75240 Chip Select
RS | Register Select
Reset | TS75240 Reset
TXMCLK * o Additional Transmit (2400 Hz) Clock
RxMCLK * o Additional Receive (2400 Hz) Clock
TxCLK o Transmit Bit Rate Clock
RxCLK (e} Receive Bit Rate Clock
TxSCLK | Transmit Terminal Clock

* These additional clocks may be used for specific applications.
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Figure 6 : Functional Interconnect Diagram.
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2.4.3. MAILBOX DESCRIPTION. The TS75240 re-
quires the attention of the control processor at regu-
lar intervals in order to perform properly. The control
processor must interact with the modem chip set in
a timely manner to avoid improper operation.

To initialize communication exchanges between the
TS7524 and the control processor, the TS7524 RE-
SET pin must be maintained in its active (low) state
during at least 870 ns (5 clock cycles) by the micro-
processor. At the end of reset, the 75240 gives the
mailbox control to the processor.

It is also recommended to maintain the RESET in
its active state until the exchanges can start.

Following a reset the status word read from the mail-
box is not significant, and the content of the com-
mand word is ignored. So, the first mailbox ex-
change is a dummy exchange.

The mailbox located internally to the TS75240 DSP
contains 3-bytes input and 3-bytes output shift re-
gisters. The TS75240 has an internal flag which in-
dicates whether the TS75240 or the control proces-
sor has access to the mailbox. The TS75240 can
relinquish its accessability to the mailbox by setting
this internal flag, but it can no longer regain access
to the mailbox as the flag is reset only after the
control processor relinquishes its accessability to
the mailbox.

The access protocol and system bus transfers are
controlled by an internal 1/0O sequencer within the

E'i SGS-THOMSON

TS75240 which operates as follows :

1/ The mailbox is made available to the control pro-
cessor by the TS75240 which drives the IRQ
mailbox handshake signal to the active (low)
state. _

2/ The control processor detects IRQ active and
dummy reads the mailbox by forcing the
TS75240 chip select (CS) and register_select
(RS) low along with the write signal (SR/W) high.
The activated data strobe signal (SDS = 0) vali-
dates the above signals.

3/ The TS75240 detects the dummy read of its mail-
box via the control signals mentioned in step 2
and negates IRQ mailbox handshake signal af-
ter 1 uS (at least 5 clock cycles). -

4/ The control processor detects the negation of IRQ
indicating that the TS75240 mailbox is available
for data transfers. The control processor reads
three bytes (one status word) and then writes
three bytes (one command word) in the mailbox.
If the status word is a transmit status word, then
a transmit command word must be written into
the mailbox. Else, a receive command word must
be written into the mailbox.

5/ The control processor ends the exchange proto-
col performing a dummy read of the mailbox as
in step 2 but with RS in the high state.

The TS75240 then owns the mailbox and can make
it available again to the control processor as in
step 1.
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3. USER INTERFACE

3.1. COMMAND AND STATUS WORDS

The TS7524 chip set functionalities and status re-
porting are managed by the control processor
through the TS75240 mailbox, according to the pro-
tocol outlined earlier.

The command words are issued by the control pro-
cessor and received by the TS75240.

The command words provide the necessary func-
tional control of the TS7524 chip set.

The status words are issued by the TS75240 and
delivered to the control processor.

The status words provide the status reporting.

Each command and status word of both the trans-
mit and receive part comprises three bytes as des-
cribed in the following sections.

The control processor must be able to handle :

= one mailbox transfer per transmit baud period
and,

w one mailbox transfer per receive baud period.

n these transfers are plesiochronous. (Tx and Rx
clocks have the same nominal frequency but can
shift of £ 1.107, so the phase relation between
Tx and Rx is time varying).

Table 3 : Transmit Command Word Format.

3.2. TRANSMIT AND RECEIVE COMMAND
WORDS

Both the transmit and receive command words are
built on the same programming model, but have to
be programmed completely independently.

3.2.1. TRANSMIT COMMAND WORD. The table 3
shows the transmit command word (three bytes)
programmation and transmit functionalities.

The first byte of the transmit command word permits
the choice of the DTMF mode or the selection of the
requested CCITT (with or without guard tone) or
BELL standards.

The second byte contains the transmit parameters
information register.

The third byte is the transmit data register of DTMF
tone selection register. In this byte is also included
the transmit enable bit which instructs the TS7524
to transmit (or not) data to the line.

To manage the TS7524 in an efficient way, it is re-
commended to work with a table stored in the control
processor memory space. This table will reflect the
three bytes of the transmit command word and will
be sent from the control processor to the TS7524 at

BIT First Byte Second Byte Third Byte
0 Transmit Mode Selection Transmit (0)
1 0000 : Modem Disabled DO D
0001 : V.22 Bis P
0010 : V.22 0011 : B212 . s D
2 Transmit D1 Q
0100 : V.23 0101 : V.21 Attenuation K | A T
3 | 0110:Bell 103 M M
0111 : D.T.MF. b2 | o F F
" - S
4 Transmn Sl'gnalll'ng D3 0 K
00 : Signalling Disabled
01 : 550 Hz =Ec
5 11 - 1800 Hz Scrambier (ON/OFF) D4 0 0 0
6 Reserved Reserved D5 0 0 0
7 ANSW/ORIG or DTMF V.22 Binary Rate Select Transmit Enable
or DTMF

Note : All the "RESERVED" bits must be cleared to "0" by the user.

12186 L7 SGS-THOMSON
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each transmit baud. In this table, the different fields
could be programmed according to the CCITT or
BELL standard needed taking into account the
transmit parameters. Once the contents of the first
and second byte have been determined for the
whole transmission, only the transmit data field in
the third byte has to be updated in the table. So, at
each transmit baud, the TS75240 will receive the
complete three bytes, will check them and send the
data.

FIRST BYTE :

Bit 3, 2, 1 and 0 : Transmit mode selection

These bits select the standard to use or the DTMF
mode

0000 : Modem disabled
0001 to 0110  : Transmit mode selection
0111 : DTMF.In this mode, the number

which may be dialed is given by
the proper binary combination of
bits 4, 3, 2 and 1 in the third byte.
Refer to paragraph "DTMFmode"
for detailed information.

Other bit codes are reserved.

Bit 5 and 4 : Transmit Signalling

These bits represent the tone to send regarding the
requested functionalities.

00 : Signalling disabled

01 or 11 :Guard tone 550 Hz or 1800 Hz which
can be added to the modulated signal.
10 : Reserved

Bit 6 : Reserved

Bit 7 : ANSWER / ORIGINATE or DTMF

This bit has two main functions. lts first function is
to select the answer or originate mode. The second
function is used in DTMF mode as explained in de-
tails in paragraph "DTMF mode".

In ANSWER/ORIGINATE mode, the bit 7 cleared to
zero selects the answer mode (transmit in high
channel). The bit 7 set to one selects the originate
mode (transmit in low channel).

SECOND BYTE :

Bit4, 3, 2, 1, and 0 : Transmit attenuation

The transmit levels without attenuation at the trans-

mit interface output (ATO) on 600 ohms are as fol-

lows :

m in FSK modes (V.23, V.21 and BELL 103)
—0dBm

Ei SGS-THOMSON

= in QAM (V.22 bis) and DPSK (V.22 and BELL
212) modes
— 5 dBm when transmission on low channel
— 4 dBm when transmission on high channel
with guard tone composed by :
—5 dBm (signal)
— 12 dBm (guard tone)
—5 dBm when transmission on high channel
without guard tone
» —4 dBm in DTMF mode composed by
— 5 dBm (high frequency)
— 7 dBm (low frequency)

These are maximum levels which can be decreased
by programming the transmit attenuation, with atte-
nuation levels falling within 0 dB (00000) and 23 dB
(10111) range, selectable in 1 dB steps.

Selection within 11000 to 11111 correspond to an
infinite attenuation.

At power-on, or after a reset applied on the reset pin
of the TS75240, an infinite attenuation is automati-
cally programmed.

Bit 5 : Scrambler

The TS7524 incorporates an auto-synchronized
scrambler/descrambler in accordance with CCITT
V.22 bis and V.22 and BELL 212 recommendation.

The scrambler is enabled (1) or disabled (0) by pro-
gramming the bit 5.

When the scrambler is enabled, the input data is
scrambled by dividing the data by a generating poly-
nomial as defined in the V.22 bis and V.22 recom-
mendations.

When the scrambler is disabled, the input data is
routed around the scrambler in the transmit path.

Bit 6 : Reserved

Bit 7 : V.22 binary rate selection or DTMF

This bit has two main functions. lts first function al-
lows the possibility to select the lowest binary rate

(V.22 at 600 bps) when set to one, or the highest bi-
nary rate (V.22 at 1200 bps) when cleared to zero.

The second function is used in DTMF mode as ex-
plained in details in paragraph "DTMF mode".
THIRD BYTE :

Bit 0 : Transmit

This bit indicates the nature of the command word.
It must be cleared to zero by the control processor
to indicate to the TS7524 that the command word is
a transmit command word, and that the 3-bytes writ-
ten in the mailbox contain transmit information.

13/36
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Bit6 Thru 1 : Transmitted data or DTMF tone selec-
tion. These bits have two main functions. The first
function is to represent the data which will be sent
according to the appropriate mode. The second
function, used in DTMF mode, is to select by pro-
gramming the bits 4, 3, 2, and 1 the generated tone
which will be used to dial the proper number as
shown in paragraph "DTMF mode" in table 5.

In QAM (V.22 bis) or DPSK (V.22 or BELL 212)
modes, the bits 4, 3, 2, and 1 represent the data sent
by the TS7524. According to the selected mode, up
to 4 bits will be used :

- In V.22 bis, each symbol (baud) is coded by
4 bits (quadribit)

- In V.22 at 1200 bps and BELL 212 modes,
each symbol is coded by 2 bits (dibit)

- In V.22 at 600 bps, each symbol is coded by
only one bit.

Figure 7 : FSK Mode.

In these modes, the mailbox exchanges are execu-
ted at the rate of 600 exchanges per second.

In FSK modes (V.21, V.23, and BELL 103) all the 6
bits (bit 6 thru 1) are used to represent the binary
value of six samples of the transmitted signal. In
these modes, the mailbox exchanges are executed
at the rate of 1200 exchanges per second. Conse-
quently, to perform a serialto parallel conversion the
control processor has to sample the 103 circuit of
the V.24/RS232 junction at 7.2 kHz which is the
sampling clock frequency (TxCCLK).

The bit 1 (which correspond to DO) is the first sam-
ple of the signal transmitted over the line as shown
in figure 7.

Bit 7 : transmit enable

This bit low instructs the TS7524 to send data.
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DTMF MODE

The DTMF generator outputs one of 16 standard
dual-tones. For specific applications where single
tone is required, the DTMF generator provides the
possibility to select either the high frequency or the
low frequency of the standard dual tones.

All the bytes used to program the DTMF mode and
mentioned in this section are those of the transmit
command word.

The DTMF mode is selected by programming bits 3
to 0 in the first byte.

Choosing the dual-tone mode, which is the normal
operating mode, is done with bit 7 in the second byte
cleared to zero. The DTMF generator then outputs
one of the sixteen standard dual tones selected

14/36
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through bits 4 to 1 in the third byte as shown in ta-
ble 5.

The single-tone mode is selected by setting to 1 the
bit 7 in the second byte. This mode is used in spe-
cific cases where one frequency is to be generated.
After one frequency pair is selected through bits 4
to 1 in the third byte as shown in table 5, the choice
of the higher or lower frequency is made through bit
7 of the first byte. When bit 7 is setto 1 (respective-
ly 0), the lower (respectively higher) frequency is ge-
nerated.

In DTMF mode, the mailbox exchanges are execu-
ted at the rate of 1200 exchanges per second.

The programming of DTMF mode is summarized in
table 4.
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Table 4 : DTMF (dual or single tone) Programmation.

First Byte 2nd Byte Third Byte
DTMF
Bits 3,2, 1,0 Bit 7 Bits 4, 3, 2, 1
4-bit Binary Value
Dual-tone 0111 0 Coding one of 16
Dual Tone
; First Byte 2nd Byte Third Byte
Single-ton
ingie-tone Bit 7 Bits 3, 2, 1, 0 Bit 7 Bits 4, 3, 2, 1
) 4-bit Binary Value
;gl;cggquency 0 o111 1 Coding one of 16
Dual Tone (high)
4-bit Binary Value
;‘;‘I'L;;zq“ency 1 0111 1 Coding one of 16
Dual Tone (low)

In DTMF mode the transmit levels at the analog
transmit interface output (ATO) are respectively
—5 dBm for the high group frequencies, and—7 dBm

Table 5 : Tone Encoding.

for the low group frequencies. These are maximum
levels and can be decreased by programming the
transmit attenuation in the second byte.

Number DTMF Code in Third Byte Generated Tones (Hz)

to Dial Bit4 Bit3 Bit2 Bit1 Low High
0 0 0 0 0 941 & 1336
1 0 0 0 1 697 & 1209
2 0 0 1 0 697 & 1336
3 0 0 1 1 697 & 1477
4 0 1 0 0 770 & 1209
5 0 1 0 1 770 & 1336
6 0 1 1 0 770 & 1477
7 0 1 1 1 852 & 1209
8 1 0 0 0 852 & 1336
9 1 0 0 1 852 & 1477
A 1 0 1 0 697 & 1633
B 1 0 1 1 770 & 1633
C 1 1 0 0 852 & 1633
D 1 1 0 1 941 & 1633
* 1 1 1 0 941 & 1209
# 1 1 1 1 941 & 1477

The accuracy of the frequencies is + 107,
The harmonic rejection level is at — 65 dB.

ANSWER TONE GENERATION

The TS7524 chip set may generate four different
standard frequencies which represent the usual
auto answer tones.
1300 Hz : V.23 Automatic connection tone
1650 Hz : V.21 Transpac specific answer tone

‘7_1 SGS-THOMSON

- 2100 Hz : CCITT V.22 bis, V.22, V.23 and
V.21 answer tone
- 2225 Hz : BELL 212 and BELL 103 answer
tone
Foranswer tone generation, mailbox exchanges are
executed at the rate of 1200 exchanges/second.
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Table 6 : Answer Tone Generation.

Tone FSK Mode First Byte Third Byte
to Use Bit 7 Bits 3,2,1,0 Bits 6, 5, 4, 3, 2,1
1300 Hz V. 23 Answer 0 0100 111 111
1650 Hz V. 21 Answer 0 0101 111 111
2100 Hz V. 23 Answer 0 0100 000 000
2225 Hz B103 Answer 0 0110 111 111

3.2.2. RECEIVE COMMAND WORD. In the receive
command word, the first byte permits the choice of
the call progress and answer tone detection modes
or the selection of the requested CCITT or BELL
standards.

The second byte defines additional receive parame-
ters.

The third byte informs the TS7524 that the com-
mand word is a receive command word.

To manage the TS7524 in an efficient way, it is re-
commended to work with a table stored in the control

Table 7 : Receive Command Word Format.

processor memory space. This table will reflect the
three bytes of the receive command word and will
be sent from the memory by the control processor
to the TS7524 at each receive baud. In this table,
the different fields could be programmed according
to the CCITT or BELL standard needed taking into
account the receive parameters. At each receive
baud, the TS75240 will receive and processes the
complete three bytes.

BIT First Byte Second Byte Third Byte
o | Receive Mode Selection Receive (1)
0000 : Modem Disabled
11 0001 : V.22 Bis Reserved
[ 0010 :V.22 0011 : B212
2 | 0100:V.23 0101 : V.21
—1 0110 : Bell 103
3 | 0111 : Call Prog. / Answer Tone Reserved
4 Answer Tone Selection
5 Tx Synchronization Descrambler (ON/OFF)
6 Carrier Detect Level Reserved
7 Answer/originate V.22 Binary Rate Select

Note : All the "TRESERVED" bits must be cleared to "0" by the user.

FIRST BYTE :

Bit 3, 2, 1, and 0 : Receive mode selection

These bits select the standard to use or the call pro-
gress and answer tone detection mode.

0000 : Modem disabled
0001 to 0110 : Receive mode selection
0111 : Call progress and answer tone

detection mode. In this mode the

TS7524 recognizes different tones
as explained in paragraph "call pro-

gress and answer tone detection"
Other bit codes are reserved.
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Bit 4 : Answer tone selection

This bit defines the answer tone to be detected. It
selects either 1650 Hz (Transpac) or 2100/2225 Hz
answer tone. When high, the detect answer tone is
1650 Hz. When low, the detect answer tone is
2100/2225 Hz.

Bit 5 : Tx synchronization signal programming

This bit allows synchronization of all transmit clocks
on a selected source. When bit 5 is set to 1, all the
TS7524 transmit clocks (TxCLK, TxCCLK,
TxRCLK, TxMCLK) are synchronized on TxSCLK
input (typically a terminal clock signal coming from
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the V.24/RS232 interface). This avoids overspeed
and maintains a complete synchronization during
the transmission. If there is no signal on TxSCLK
coming from the terminal clock, the transmit clocks
are free-running at their nominal frequencies.

Whenthebit5is setto 0, the TS7524 transmit clocks
are synchronized on the receive clocks. This possi-
bility may be used for remote digital loopback.

Bit 6 : Carrier detection level

The TS7524 can be used both on the public swit-
ched telephone network (PSTN) and with leased
lines.

When the bit 6 is set to 0, the carrier detection thres-
hold are : i

— 43 and — 48 dBm (PSTN).

When the bit 6 is set to 1, the carrier detection thres-
hold are :

—33 and — 38 dBm (leased lines).
Bit 7 : Answer / originate

The bit 7 cleared to zero selects the answer mode
(receive in low channel). The bit 7 set to one selects
the originate mode (receive in high channel).

SECOND BYTE :

Bit4, 3, 2, 1, and 0 : Reserved (must be cleared
to 0)

Bit 5 : Descrambler
The TS7524 incorporates an auto-synchronized

3.3. TRANSMIT AND RECEIVE STATUS WORD

scrambler/descrambler in accordance with CCITT
V.22 bis and V.22 and BELL 212 recommendation.

The descrambler is enabled when bit 5 is set to 1,
or disabled when bit 5 is set to 0.

When the descrambler is enabled, the data stream
is multiplied by the same polynomial that divided the
data at the scrambler in the transmission path.

When the descrambler is disabled, the data stream

is routed around the descrambler in the receive
path.

Bit 6 : Reserved (must be cleared to 0)

Bit 7 : V.22 binary rate select

This bit allows the possibility to select the lowest bi-
nary rate (V.22 at 600 bps) when set to one, or the
highest binary rate (V.22 at 1200 bps) when set to
zero.

THIRD BYTE :

Bit 0 : Receive

This bit indicates the nature of the command word.
It must be set to one to indicate to the TS7524 that
the command word is a receive command word.
This involves that the 3-bytes written in the mailbox
by the control processor to the TS7524 contain re-
ceive command information.

Bit 7 Thru 1 : Reserved (must be cleared to 0)

The status words are issued by the TS75240 and provide the status reporting to the control processor.

3.3.1. TRANSMIT STATUS WORD
Table 8 : Transmit Status Word Format.

BIT First Byte Second Byte Third Byte
0 Transmit (0)
1
—
12 |
3
4 Reserved Reserved Reserved
|5 |
6 |
7
Ly7 SGS-THOMSON 17136
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FIRST BYTE :

Bit 0 : Transmit

This bit when low informs the control processor that
the status word issued by the TS7524 is a transmit
status word.

Bit 7 Thru 1 : Reserved

3.3.2. RECEIVE STATUS WORD
Table 9 : Receive Status Word Format.

SECOND BYTE :

Bit 7 Thru 0 : Reserved
THIRD BYTE :

Bit 7 Thru 0 : Reserved

BIT First Byte Second Byte Third Byte

0 Receive (1) Reserved

1 | DO | Data Before Reserved DO | Data DO

2 | D1 | pescrambling D1 | After D1

Data

3 | D2 (QAM. , DPSK) __ D2 | Descr. D2 at
4 | D3 Equalization Status D3 QAM., D3 (F.S.K)
5 Reserved Signal Quality 1 D.P.SK) D4

6 S1 Sequence Carrier Detect 1 D5

S1 Sequence or -
7 Call Progress Tone Detection Reserved Answer Tone Detection

Note : In QAM and DPSK modes, both for the data after and before descrambling, the unused bits are set to "1" by the TS7524.

FIRST BYTE :

Bit 0 : Receive

This bit set to one by the TS7524 indicates to the
control processor that the current status word is a
receive status word.

Bit4, 3, 2, and 1 : Data before descrambling

Used only in QAM and DPSK modes, these four bits
represent the data received before descrambling,
i.e., after the demodulator and before the descram-
bler. Data is coded on four bits (D3, D2, D1, DO0) in
V.22 bis, on two bits (D1, DO) in V.22 at 1200 bps
and BELL 212, on only one bit (D0) in V.22 at 600
bps. The unused bits are set to 1 by the TS7524.
The mailbox exchange rate between the TS75240
and the control processor is done at 600 exchanges
per second. Both for QAM and DPSK modes, DO
(which correspond to the bit 1) is the first bit recei-
ved.

Bit 5 : Reserved

Bit 7 and 6 : S1 handshake sequence (V.22 bis)
mode

During the V.22 bis handshake sequence, these two
bits indicate the presence or the absence of the "S1"
sequence detected by the TS7524. If the TS7524
gives an alternance (at each baud period in recep-
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tion) of values "10" and "01" on bit 7 and 6, the "S1"
sequence is present in reception. Else, this means
its absence.

Bit 7 : Call progress tone detection (call pro-
gress/answer tone mode).

This bit low indicates detection of ener-
gy in the band 300 — 700 Hz with a detection thres-
hold of — 43 dBm. This bit high means there is no
energy detected. (see paragraph call progress and
answer tone detection).

SECOND BYTE
Bit 3, 2, 1, and 0 : Reserved

Bit 4 : Equalization status

This bit will go high (1) in case of equalization loss
(retrain sequence initialization or fallback mode).

Bit 5 : Signal quality

This bit will go high (1) when the quality of the recei-
ved signal is too low for a good transmission.

Bit 6 : Carrier detect

This bit indicates the presence or the absence of the

on-line signal as follows :
- This bit will go low (0) if the signal level is hi-
gher than — 43 dBm on PSTN or—33 dBm on
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leased lines

- This bit will go high (1) if the signal level is lo-
wer than — 48 dBm on PSTN or — 38 dBm on
leased lines

The minimum hysteresis level is 2 dB.
The information on the on-line signal may be used

by the control processor to manage the 109 signal
of the V.24 junction.

Bit 7 : Reserved
THIRD BYTE :
Bit 0 : Reserved

Bit 6 Thru 1 : Data received or data after descram-
bling.

These six bits contain the received data and have
to be processed by the control processor according
to the selected standards :

- In QAM and DPSK modes, bit 4 thru 1 repre-
sent the data received after descrambling, if
the descrambler is enabled. Otherwise, they
represent the data received without descram-

Figure 8 : FSK Receive Mode.

bling.

The data is encoded on four bits (D3, D2, D1,
DO) in V.22Bis, on two bits (D1, DO), in V.22
at 1200 bps and Bell 212, on only one bit (D0)
in V.22 at 600 bps. The unused bits are set to
one by the TS7524.

The mailbox exchange rate between the
TS75240 and the control processor is done at
600 exchanges per second. For both QAM
and DPSK modes, DO (which correspond to
bit 1) is the first bit received.

- InFSKmodes (V.21, V.23, and BELL 103) all
the six bits are used to represent the digital
value of six samples of the received signal. In
these modes, the mailbox exchange must be
executed at the rate of 1200 exchanges per
second. Consequently to perform a parallel to
serial conversion the control processor has to
resend these bits on the 104 circuit of the
V.24/RS232 junction at 7.2 kHz.

Bit 1 (which correspond to DO) is the first sam-
ple of the incoming signal received over the
line as shown in figure 8.
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Bit 7 : Answer tone detection

Used in answer tone detection mode, this bit when
low (0), indicates the presence of the answer tone
(CCITT 2100 Hz, BELL 2225 Hz or Transpac 1650

‘;i SGS-THOMSON

Hz) sent by the far-end modem. When high (1), it
means no detection of answer tone. Refer to para-
graph "call progress and answer tone detection" for
further details.
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CALL PROGRESS AND ANSWER TONE DETECTION

The TS7524 call progress detection part is activa-
ted by detection of energy in the 300 to 700 Hz call
progress tone bandwidth. The call progress mode
must be selected in the first byte (bit 3 thru 0) of the
receive command word.

Then the bit 7 of the first byte of the receive status
word indicates to the control processor that the call
progress tone is detected (bit 7 = 0) or not (Bit 7 = 1).

In answer tone mode, the TS7524 may recognize
three different standard frequencies which repre-
sent the usual answer tones sent by the far-end mo-
dem as described hereunder :
- 2100 Hz : CCITT modes answer tone V.21
and V.23
- 2225 Hz : BELL answer tones

- 1650 Hz: Transpéc V.21 answer tone

The answer tone mode must be selected in the first
byte (bit 3 thru 0) of the receive command word and
the answer tone selection (1650 Hz or 2100/2225
Hz) with the bit 4.

Then bit 7 in the third byte of the receive status word
indicates to the control processor that the answer
tone is detected (bit 7 = 0) or not (bit 7 = 1).

The table 10 shows the programmation of the re-
ceive command word, and the status reporting
contained in the receive status word.

DTMF mode and transmit enable = 1 must be se-
lected in the transmit command word.

Table 10 : Call Progress and Answer Tone Detection Programming Model.

Receive Command Word Receive Status Word
First Byte First Byte Third Byte
Bit3,2,1,0, Bit 4 Bit 7 Bit 7
Call Progress 1 No Call Progress Tone Detected
Mode and 0111 0 0  Presence of Call Progress Tone
2100/2225 0 2100/2225 Hz Detected
Answer Tone .
1 No Detection
Call Progress 1 No Call Progress Tone Detected
Mode and 0111 1 0 Presence of Call Progress Tone
1650 Hz
Answer Tone 0 1650 HZ Qetected
1 No Detection

4, ELECTRICAL SPECIFICATIONS
4.1. MAXIMUM RATINGS

TS75240
Symbol - Parameter Value Unit
Vee * | Supply Voltage -031t07.0 Vv
Vin * Input Voltage -03t07.0 \
Ta Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range - 55t0 150 °C

* With respect to Vss.

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional ope-
ration of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. Ex-
posure to maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should

be used to avoid possible damage to the device.
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TS68950/1/2
Symbol Parameter ’ Value Unit
Supply Voltage between V* and AGND or DGND -03to+7 Y
Supply Voltage between V* and AGND or DGND -7t0+03 \
Voltage between AGND and DGND -031t0+03 Vv
Digital Input Voltage DGND - 0.3 to Vcc* + 0.3 Vv
Digital Output Voltage DGND - 0.3 to Vge* + 0.3 \
Digital Output Current —20to + 20 mA
Analog Input Voltage Vee™ = 031to Vet + 0.3 Y
Analog Output Voltage Vee™ = 0.31t0 Vee* + 0.3 \%
Analog Output Current - 10to + 10 mA
Power Dissipation 500 mwW
Toper | Operating Temperature Range 0to+ 70 °C
Tstg Storage Temperature - 651to + 150 °C
4.2. DC ELECTRICAL CHARACTERISTICS DGND =AGND =0V

Digital Supply

Ve =5.0V+5%,Vgg =0, Ty =0to + 70°C (unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voltage 4.75 5 5.25 \
Vi Input Low Voltage -03 0.8 v
Vin Input High Voltage. All inputs except RESET 24 Vee Vv
Vin RESET Input High Voltage 2.8 Vee \

Iy Input Extal Current - 50 + 50 pA
lin Input Leakage Current BSO, BS1, BS2, BE3, BE4, -10 +10 uA
RS, SDS, CS, SRW, RESET
Vou Output High Voltage (li0aq = — 300uA). All Outputs Except DTACK| 2.7 \
Vou Output Low voltage (ljoad = 3.2mA). All Outputs 0.5 \'
Cin Input Capacitance 10 pF
Itsi Three State (off state) Input Current @ 2.4V/0.4V - 20 +20 pA
DTACK, BA, D0-D15, ADO-AD7
Ta Operating Free-air Temperature (notes 1 and 2) ' 0 70 °C
lce Supply Current TS75240 T, =25°C 480 mA
lec Te =100°C 420 mA
Notes : 1. Case temperature Tc must be maintained below 100°C.
2. Roya 39°C/watts Side-brazed ceramic DIL-48.
28°C/watts PDIL-48 heath spreader.
Analog Supply

Symbol Parameter Min. Typ. Max. Unit
v* Positive Power Supply 4.75 5.25 \'
\'a Negative Power Supply -5.25 - 4.75 Vv
I* Positive Supply Current 35 mA
I~ Negative Supply Current - 35 mA

57 sts:momson
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4.3. AC ELECTRICAL SPECIFICATIONS

4.3.1. CLOCK AND CONTROL PINS TIMING (Vcc=5.0 V5%, TA=0C to + 70 °C, see figure 9)

OUTPUT LOAD = 50 pF + DC characteristics | load

Reference Levels :V :0V V|y:24V tr, tf <5 ns for Input Signals

Vo|_:1.5V VOH 15V

Symbol Parameter Min. Typ. Max. Unit
teex External Clock Cycle Time 434 ns
trex External Clock Fall Time 5 ns
trex External Clock Rise Time 5 ns
tcoh EXTAL to CLKOUT High Delay 25 ns
teol EXTAL to CLKOUT Low Delay 25 ns
teor CLKOUT Rise Time 10 ns
teot CLKOUT Fall Time 10 ns
talc CLKOUT to Control Output Low (IRQ, BA) 50 ns
tahe | CLKOUT to Control Output High (IRQ, BA) 50 ns
tasi CLKOUT to DS, RD, WR Low 5 ns
tdsh CLKOUT to DS, RP, WR High 5 ns
tsc Control Inputs Set-up Time (BSO .. BE6, RESET) 20 ns
the Control Inputs Hold Time (BSO .. BE6, RESET) 10 ns

Figure 9 : Clock and Control Pins Timing.

wex

tfex trex
EXTAL \ N\—m—/
tcoh teol
CLKOUT 7%L
= tcor tcof
DS RDWR X
{sc the
BS/BE
RESET
M88TS7524-09

Notes : 1. tc = Instruction cycle time = 4 x tcex.
2. BE3....... BE6 min low level duration = tc.

22/36 G-I- SGS-THOMSON
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A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

INPUT-OUTPUT

2.4V
1.5V " TESTPOINTS — = 15V

ov

AC TESTING INPUTS ARE DRIVEN AT 2,4V FOR A LOGIC 1
AND 0V FOR A LOGIC 0 TIMING MEASUREMENTS ARE
MADE AT 1.5V FOR BOTH A LOGIC 1 AND 0.

tr, tf < 5ns for input signals

DEVICE

UNDER
TEST

CL INCLUDES JIG CAPACITANCE

INTERNAL CLOCK OPTION
A crystal oscillator can be connected across XTAL
and EXTAL. The frequency of CLKOUT is half the

crystal fundamental frequency, and can be used by
the control processor.

Then the 5.76 MHz required by the Analog Front
End can be easily obtained.

CLKOUT
EXTAL

TS75240

XTAL

11.520 MHz

M88TS7524-10

Crystal nominal parameters :

L, c, R
Parallel resonance fundamental mode - AT CUT AT
Rs=10Q ] |
C1=0.018 pF
Co=35pF i
Q>30K Co

M88TS7524-11

37 S5 THomMson
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4.3.2. TS68952 : CLOCK GENERATOR
Crystal Oscillator Interface

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Vi Input Low Level Voltage 1.5 Vv
Vin Input High Voltage 3.5 \
e Input Low Level Current DGND < V) £ Vi max -15 uA
I Input High Level Current ViHmin SV < V¥ 15 HA

CLOCK WAVE FORMS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
PC Main Clock Period XTAL1 Input 173.6 ns
twel Main Clock Low Level Width XTAL1 Input 50 ns
tweH Main Clock High Level Width XTAL1 Input 50 ns
trc Main Clock Rise Time XTAL1 Input 50 ns
trc Main Clock Fall Time XTAL1 Input 50 ns
toc Clock Output Delay Time All Clock Outputs CL =50 pF 500 ns
ttc Clock Output Transition Time All Clock Outputs CL =50 pF 100 ns

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given for V* = 5.0 V and
Tamb =25 °C.

Figure 10 : Clock Generator.

PC |
tweH twel )
t
tre DC
X /22y
CLOCK OUTPUTS
{3 CLOCKS)
} 08V
trc
M88TS7524-12
24136 (37 SGS-THOMSON
Y/ ricRoELECTRONICS
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4.3.3. LOCAL BUS TIMING (TS75240 and TS68950/51/52)
(Ve =5.0V+5%, Ta =0°to + 70 °C, see figure 11)

Symbol Parameter Min. Max. Unit
tew | RD, WR, DS Pulse Width 12tc-15| 1/2tc ns
tan Address Hold Time 10 ns

tosw Data Set-up Time, Write Cycle 25 ns
toHw Data Hold Time, Write Cycle 10 ns
tosr Data Set-up Time, Read Cycle 20 ns
tDHR Data Hold Time, Read Cycle 5 . ns
tarw | Address Valid to WR, DS, RD Low 1/2 tc — 40 ns
tozw | DS High to Data High Impedance, Write Cycle 40 ns

Figure 11 : Local Bus Timing Diagram.

\ UAH
ADDRESSES >>> > t
tpw
RD.WR.DS f——
t t
PW AH
RW /‘[7
dzw
tARW tpsw toHw
D |
0-D15 DATA OUT -
DATA OUT ;
. 'psr 'pHR
DO-D15 —
DATA IN DATAIN —

M88TS7524-13

LNy SGS-THOMSON 2536
’I MICROELECTRONICS
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4.3.4. SYSTEM BUS TIMING (TS75240 and control processor)

Ve =5.0VE5%, Tpo=0°1t0+70 C
Symbol Parameter Min. Max. Unit
tspw SDS Pulse Width 60 ns
tsaw | SR/W, CS, RS Set-up Time 20 ns
tsan | SR/W, CS, RS Hold after SDS High 5 ns
tspsr Data Set-up Time, Read Cycle 20 ns
tspur | Data Hold Time, Read Cycle 5 ns
tpspsw | Data Propagation Delay, Write Cycle 35 ns
tspyw | Data Hold Time, Write Cycle 10 ns
tspzw | SDS High to Data High Impedance, Write Cycle 40 ns
tpsLot | SDS Low to DTACK Low 50 ns
toskpt | SDS High to DTACK High” 50 ns
* DTACK is an open drain output test-load include R = 820 Q at Vce.
Figure 12 : System Bus Timing Diagram.
tspw
SDS v
| tsaw tsaH
SRW,CS
RS
) spsR {SDHR
ADO-AD?
DATA IN DATAIN
tspzw
tpspsw tSDH
ADO-AD7 < DATA OUT )
DATA OUT ¢
tpsLDT tpSHDT
DTACK —
M88TS7524-14
26/36
"' SGS-THOMSON
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4.3.5. DAA INTERFACE (DAA and TS68950 and TS68951)

Analog Transmit Output (ATO)
V+=5V25% 0C<Tymp<+70°C V- =-5V+5% 0C<Tymp<+70°C
(unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vos Output DC Offset — 250 + 250 mV
CL Load Capacitance 50 pF
RL Load Resistance 1.2 kQ
Vout Output Voltage Swing _

(R > 1.2 kQ C_ < 50 pF) 25 *25 1V
Rout Output Resistance 5 a
(read cycle)
Receive Analog Input (RAI).

Symbol Parameter Min. Typ. Max. Unit
Vin Input Voltage -25 +25 \
lin Input Current _

(write cycle) 1 1 HA
5. PIN CONNECTIONS
TS75240 TS68950
03
D2
D1
00 ps]1 24[] D4
BE3 pe []2 23[] 03
BE4
850 o7[}3 2»[]p2
8s1 =
it E Os 21[J o1
A1 rRW[]5 20[] oo
vee —
A0 cso[}s 19[] TxCCLK
A9 7 CLK
s cs1 : 18] -
AD? Rso[]8 7[v
AD6
A0S rRs1 ]9 16[]EEO
AD4 DGND [J 10 15[]ATO
AD3
AD2 TEST [ 14[J Exi
AD1 -
Aoo v -1 13[J AGND
BES
BE6
M88TS7524-15 M88TS7524-16
L7 SGS-THOMSON 27136
MIGROELEGTRONICS
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PIN CONNECTIONS (continued)

TS68951
os 1~ =04
o6 []2 27(7 b3
p7 43 2] p2
E[a 257 b1
rR/W []s 2 (] oo
cso [Js 23[7] TxCCLK
cs1 Q7 22% RxCCLK
RSO []8 21[] ¢k
RS1 (o 200 vt
DGw [J10 »gg AGC2
EEN [ 18] o1
AGCI 12 17{] LEl
RFO Ew 6] RAI
Ve 5[] AGND

M88TS7524-17

TS68952
os 1 s [ oa
06 [ 2 27 [1 03
o7(]3 26 [ 02
EC4 25 [] D1
rRAW 5 24 [ TxCCLK
cso 6 23 [ TxCLK
cs1 7 22 [ RxCLK
Rso [ s 21 [ RxCCLK
RS1 ]9 20 [ RxRCLK
To[]10 19 [J RxMCLK
TxscLk O] 11 18 [ TxMCLK
oeno [ 12 17 [ vt
xTaL1 a3 16 [ TxRCLK
XTAL2 E\ 14 15 [J cLk

M88TS7524-18

TS75240
MAFE Interface
Name Pin Function Description
Only D8 thru D15 lines are used for data transfer between the
DO thru D15 110 Local Data Bus TS75240 and MAFE Kit.
DO thru D7 are not used and are left unconnected.
A8 thru A11 Local Address Bus | Address Lines to the MAFE Kit.
== —a This signal synchronizes the transfer between the TS75240 and
DS Data Strobe the MAFE Kit. ,
RIW Read/Write Indicates the current bus cycle state.
This signal generated by the TS75240 is at half the frequency of
CLKOUT (0] Clock Output the crystal. It can be divided by 2 to provide the 5.76 MHz clock
for the MAFE Kit.
Receive and These four inputs are connected to the receive and transmit
BES thru BE6 | . clocks generated by the clock generator circuit (TS68952) of the
Transmit Clocks MAEE Kit

28/36
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TS75240

System Interface.

Name Pin Function Description
" These bi-directional lines are used for data transfer between the
ADO thru AD7 Vo System Data Bus TS75240 mailbox and a system processor.
cs | m This active low input is asserted when the TS75240 is to be
accessed by the system processor.
=a oy This signal is used with CS to control the data transfer between
RS ! Register Select the system processor and the TS75240 mailbox.
SDS | System Data Strobe | Synchronizes the transfer on the system bus.
SRW | System Read/Write | Indicates the current system bus cycle state.
Ra o m Hapdshake signal sent to the master to gain access to the
mailbox.
Others Pins.
Name Pin Function Description
BSO thru BS2 | Branch on State These three inputs are not used and must be grounded.
EXTAL | Clock Cry§tal Input for Internal Oscillator or Input Pin for External
Oscillator.
XTAL | Clock Together with EXTAL this pin is used for the external 23.040 MHz
crystal.
Vee Supply Power Supply
Vss Supply Ground
RESET | Reset

&7

SGS-THOMSON 29136
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TS68950
Name N° Description
8 bit data bus inputs giving access to Tx estimated echo, control and address registers.
D5-D7 1-3 X
(same for pins 20-24).
E 4 Enable Input. Data are strobed on the positive transitions of this input.
RW 5 Read/Write Selection. Internal registers can be written when R/W = 0. Read mode is not
used.
CS0-CS1 6-7 Chip Select Inputs. The chip set is selected when CSO =0 and CS1 = 1.
Register Select Inputs. Used to select D/A input registers or control/address registers in
RS0-RS1 8-9 .
the write mode.
DGND 10 Digital Ground = 0 V. All digital signals are referenced to this pin.
TEST 11 Test Input. Used for test purposes.
This pin must be grounded in all applications
\'a 12 Negative Supply Voltage =—5V +5 %
AGND 13 Analog Ground =0 V.
EXI 14 Programmable analog input tied to filter or attenuator input according to the RC4
register content.
ATO 15 Analog Transmit Output.
EEO 16 Analog Echo Cancelling Output.
v 17 Positive Power Supply Voltage =+ 5 V 5 %
CLK 18 Master Clock Input. Nominal Frequency 1.44 MHz
TxCCLK 19 Transmit Conversion Clock Input.
DO-D4 20-24 | See description of D5-D7 (pins1-3) given above.
3036 (57 SGS-THOMSON
Y/ nicrorEcTRONICS
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TS68951
Name Ne° Description
D5-D7 1-3 Data Bus.
_ Enable Input. Enables Selection Inputs.
E 4 Active on a low level for read operation.
Active on a positive level for write operation.
i Read/Write Selection Input. Read operation is selected on a high level.
RW 5 : N
Write operation is selected on a low level.
CS0-CS1 6-7 Chip Select Inputs. The chip set is selected when CSO =0 and CS1 = 1.
RS0-RS1 8-9 Register Select Inputs. Select the register involved in a read or write operation.
DGND 10 Digital Ground. All digital signals are referenced to this pin.
EEI 11 Estimated Echo Input. When operating in echo cancelling mode, this signal is added to
the reception band-pass filter output.
AGC1 12 Analog Input of the Automatic Gain Control Amplifier and of the Carrier Level Dectector.
RFO 13 Reception Filter Analog Output. Designed to be connected to AGC1 input through
a 1 uF non polarized capacitor.
V- 14 Negative Supply Voltage =—5V +5 %
AGND 15 Analog Ground. All analog signals are referenced to this pin.
RAI 16 Receive Analog Input. Analog input tied to the transmission line.
LEI 17 Local Echo Input. Analog input subtracted from the receive anti-aliasing filter output.
This pin must be connected to the analog ground trough a 1 pF non polarized
CD1 18 L . -
capacitor, in order to cancel the offset voltage of the carrier level detector ampilifier.
AGC2 19 This pin must be connected to the analog ground trough a 1 puF non polarized
capacitor, in order to cancel the offset voltage of the offset AGC ampilifier.
v+ 20 Positive Supply Voltage =+ 5V +5 %
CLK 21 Master Clock Input. Nominal Frequency 1.44 MHz.
RxCCLK 22 Receive Conversion Clock.
TxCCLK 23 Transmit Conversion Clock.
DO0-D4 24-28 | Data Bus.

(57 SGS-THOMSON 31736
Y/ GicroELECTRONICS
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TS68952
Name N° Description
D5-D7 1-3 Data Bus Inputs to Internal Registers
E 4 Enable Input. Data are strobed on the positive transitions of this input.
RW 5 _Read/Write Selection Input. Inte_rnal registers can be written when R/W = 0. Read mode
is only used for Rx front-end-chip.
CS0-CS1 6-7 Chip Select Inputs. The chip set is selected when CS0 =0 and CS1 = 1.
RS0-RS1 8-9 Register Select Inputs. Used to select address or control registers
TO 10 Test Output. Must be left open in all applications.
Transmit Synchronizing Clock Input. Normally tied to an external clock terminal. When
TxSCLK 11 this pin is tied to a permanent logical level, transmit DPLL free-runs or can be
synchronized to the receive clock system.
DGND 12 Digital Ground = 0 V. All digital signals are referenced to this pin.
XTAL1 13 Crystal Oscillator or Pulse Generator Input.
XTAL2 14 Crystal Oscillator Output.
CLK 15 1.44 MHz Clock Output. Useful for TS68950/51.
TxRCLK 16 Transmit Baud Rate Clock Output
Vv 17 Positive Supply Voltage =+ 5V £ 5 %
TxMCLK 18 Transmit Multiplexing Clock Output
RxMCLK 19 Receive Multiplexing Clock Output
RxRCLK 20 Receive Baud Rate Clock Output
RxCCLK 21 Receive Conversion Clock Output
RxCLK 22 Receive Bit Rate Clock Output
TxCLK 23 Transmit Bit Rate Clock Output
TxCCLK 24 Transmit Conversion Clock Output
D1-D4 25-28 | Data Bus Inputs to Internal Registers (DO is not used)

6.0ORDERING INFORMATION

The TS7524 corresponds to four different compo- available for a fast characterization improvement of
nents which must be ordered separately. the TS7524 in a real application.

Furthermore, a stand-alone evaluation board is

Part Number Temp Range Package Device
TS75240CP/XX 0°Cto 70 °C DIP-48 V. 22Bis Masked DSP
TS68950CP 0°C to 70 °C DIP-24 Transmit Analog Interface
TS68951CP 0°Cto 70 °C DIP-28 Receive Analog Interface
TS68952CP 0°Cto 70 °C DIP-28 Clock Generator Interface
TS7524EVA * N. A Stand Alone Evaluation Board

* Contact your SGS-THOMSON representative.

32/36
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7. PACKAGE MECHANICAL DATA
TS75240
48 Pins — Plastic Dip.

e _max

4,57 max

e 16.Imax.

0.51 min
Y

T

09
se

Datum

(1) Nominal dimension

(2) True geometrical position

o’ 7/
=4

[590  m  n
.’ /L]'UULID_U J 7]

T_ "_Ti'

63.5max. 14
48 Pins
TS68950
24 Pins — Plastic Dip.
e=254 4.57 max
e%FeAefe e,e a€a€.e 16.1 max.
ASEARRRE T —

5,08 max|/ J '

PAY e G | —— +
‘ / \ i
31 8 . 1.77 max. /H 0.2 _0;\“‘
39 0.508 03 ™hse
1524

Datum

r

&
|
i
|
i

(1) Nominal dimension
(2) True geometrical position

oo uagoud T

32.6 max.

24 PINS

‘y_l SGS-THOMSON

33/36
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TS68951/TS68952
28 Pins — Plastic Dip.

e=254(2)

e eae, e e e e e, e e e

16.1max.
-

o

.
[ 0.51 min.
Y J
T : ! J
5.08mox[{ RIIUIRIF i ainlnl i
TAY | TaVa¥al Ialat | AR =
I 1 [ 1 A A A A O O (I M
i } | ) |l
31 038 } 1.77 max. | < 0.2
39 0,508 ot 03
| 15.24
28 15 (2)
MNOMNOOOOAOOOOO O
Datum

__E} S B
o

(1) Nominal dimension
(2) True geometrical position

38.1 max.

:LlLJl_lLJ]_Il_ILJl_ILJLJl_IULJL’.‘.I‘:
1

14

m

2 8 Pins

ELECTRICAL CONSIDERATIONS

To avoid possible high frequency problems, the fol-

lowing precautions should be considered for PC

board layout design : )

= A ground plane on the component side connec-
ted to analog ground of the TS68950/51

» Analog and Digital ground tracks corresponding
to different signals, e.g. clocks, input signals, re-
ferences, ... should be adequately separated and
terminated at a single point.

34/36

:’7 SGS-THOMSON

m Optimal distribution of power supplies and
ground links using star-connection.

» Adequate decoupling capacitor mounted as
close as possible to each device, and connected
to analog ground.

» DSP and MAFE power supplies should be sepa-
rated.

MICROELECTRONICS
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APPENDIX A

TRANSMIT/RECEIVE COMMAND WORDS
Transmit Command Word.

BIT

First Byte

Second Byte

Third Byte

Transmit Mode Selection

Transmit (0)

0
1 | 0000 : Modem Disabled D D
0001 : V.22 Bis 0| p
0010 : V.22 0011 : B212 f S D
2 : : Transmit D1 Q
0100 : V.23 0101 : V.21 Attenuation K | A T
3 0110 : Bell 103 M M
0111 : D.T.MF. D2 | o F
Transmit Signalling
4
00 : Signalling Disabled b3 0
01 :550 Hz —
51 111800 Hz Scrambler (ON/OFF) D4 | O 0 0
6 Reserved Reserved D5 0 0 0
7 ANSW/ORIG or DTMF V.22 Binary Rate Select Transmit Enable
or DTMF
Note : All the "RESERVED" bits must be cleared to "0" by the user.
Receive Command Word.
BIT First Byte Second Byte Third Byte
o | Receive. Mode Selection Receive (1)
[ 0000 : Modem Disabled
1 0001 : V.22 Bis
| 0010 :V.22 0011 : B212 Reserved
2 | 0100:V.23 0101 : V.21
| 0110 : Bell 103
3 | 0111 : Call Prog / Answer Tone Reserved
4 Answer Tone Selection
5 Tx Synchronization Descrambler (ON/OFF)
6 Carrier Detect Level Reserved
7 Answer/originate V.22 Binary Rate Select
Note : All the "TRESERVED" bits must be cleared to "0" by the user.
Lyy SGS-THOMSON 8536
Y/ sicroELECTRONICS
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APPENDIX B

TRANSMIT/RECEIVE STATUS WORDS

Transmit Status Word.

Call Progress Tone Detection

Reserved

BIT First Byte Second Byte Third Byte
0 Transmit (0)
|1
%
T Reserved Reserved Reserved
| 5 |
| 6 |
7
Receive Status Word.
BIT First Byte Second Byte Third Byte
1] Receive (1) Reserved
1 | DO | Data Before Reserved DO | Data Do
2 |D1 Descrambling D1| After D1
3 |D2 (QAM. , DP.SK) __ D2 | Descr. D2 Data
4 | D3 Equailllzatlon S.tatus D3 (QAM, D3| (F.S K)
5 Reserved Signal Quality 1 DP.SK) D4
6 S1 Sequence Carrier Detection 1 D5
7 S1 Sequence or

Answer Tone Detection

Note : In QAM and DPSK modes, both for the data after and before descrambling, the unused bits are set to "1" by the TS7524.

36/36
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MICROELECTRONICS TS7532

V. 32 MODEM CHIP SET

» CCITT V.32 COMPATIBLE MODEM CHIP
SET [see ref 1 of Appendix D]

= INTEGRATED IMPLEMENTATION ON THREE
DSP AND THREE MAFE CHIPS

s FULL DUPLEX OPERATION AT 9600 AND
4800 BPS

» FULL IMPLEMENTATION OF THE V.32 HAND-

SHAKE

DYNAMIC RANGE : 43 dB

s TWO SATELLITE HOPS AND FREQUENCY
OFFSET CAPABILITIES (10 Hz) FOR THE FAR
END ECHO CANCELLER

= TRELLIS ENCODING AND VITERBI DECO-
DING

= 12.5 % ROLL-OFF RAISED COSINE TRANS-
MITTER PULSE SHAPING

» HIGH PERFORMANCE PASSBAND FRACTIO-
NALLY SPACED ADAPTIVE EQUALIZER

= SIGNAL QUALITY MONITORING

= PARALLEL INTERFACE TO STANDARD
MICROPROCESSORS

= BIT RATE DATA CLOCKS PROVIDED FOR
SYNCHRONOUS DATA TRANSFER

s FULL DIAGNOSTIC CAPABILITY

= DTMF GENERATION

= CALL PROGRESS TONE DETECTION

=« FUTURE UPGRADE TO INCLUDE V.22 BIS,
V.22, B212A AND FSK (TOTALLY PIN-COMPA-
TIBLE)

= SOFTWARE LICENSE AND DEVELOPMENT
TOOLS AVAILABLE FOR EASY CUSTOMIZA-
TION

DESCRIPTION

The SGS-THOMSON Microelectronics V.32 chip
set is a highly integrated modem engine, which can
operate in full duplex at 9600 and 4800 bps. The
modem hardware consists of three analog front end
(MAFE) chips, three DSP processor chips and ad-
ditional memory chips.

The three SGS-THOMSON analog front end chips

(TSB68950/1/2) are the transmit interface, the receive
interface and the clock generator respectively.

The modem signal processing functions are imple-
mented on three TS68930 programmable digital si-
gnal processors. TS75320 supports the echo can-
celler, TS75321 the transmitter, handshake and
user’s interface and TS75322 the receiver.

December 1988

ADVANCE DATA

DIP48
(Plastic Package)
TS75320/1/2

DIP24
(Plastic Package)
TS68950

P
DIP28
(Plastic Package)
TS68951/2

(Ordering information at the end of the datasheet)

1/44

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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TS7532

' 1. PIN DESCRIPTION

I T

1.1. SYSTEM INTERFACE

TS75321 (DSP#1 Transmitter and Handshake)
Pin Pin Signal .
| Name N° Type Name Description
| ADO.AD7 | 27.34 110 DOH.D7H | System Data Bus : these lines are used for data transfer between
; the TS7532 mailbox and the host processor.
i cs 21 | CSL Chip Select : this input is asserted when the TS7532 is to be
] accessed by the host processor.
3 RS 22 | RSL Register Select : this signal is used to control the data transfers
between the host processor and the TS7532 mailbox.
i SDS 20 | DSL System Data Strobe : synchronizes the transfer between the
i TS7532 mailbox and the host processor.
SRIW 19 | RWL System Read/Write : control signal for the TS7532 mailbox
operation.
IRQ 24 (e} INTL Interrupt Request : signal sent to the host processor to accéss the
TS7532 mailbox.
RESET 23 | RSTL1 Master Reset of DSP#1

1.2. ANALOG INTERFACE

~ TS68950 (Analog Front End Transmitter)

‘ Pin

Pin Signal .
\‘ Name N° Type Name Description
| ATO 15 ATO ATO Analog Transmit Output
3 TS68951 (Analog Front End Receiver)
‘ Pin Pin Signal -

T
1 Name N° ype Name Description
| RAI 16 | RAI Receive Analog Input
LEI 17 | LEI Local Echo Input. This signal is subtracted from signal RAI.

1.3. CLOCK INTERFACE
TS68952 (Clock Generator)

‘ N';inr;e ':"? Type ?‘ig:;l Description
“ TxCLK 23 (0] TxCLK Transmit Bit Clock
TxRCLK 16 8 TxRCLK | Transmit Baud Clock
1 TxCCLK 24 O TxCCLK | Transmit Conversion Clock
TxMCLK 18 (0] TXMCLK | Transmit Multiplex Clock
RxCLK 22 (¢} RxCLK Receive Bit Clock
RxRCLK 20 [e] RxRCLK | Receive Baud Clock
RxCCLK 21 (0] RxCCLK | Receive Conversion Clock
RxMCLK 19 (o] RxMCLK | Receive Multiplex Clock
TxSCLK 11 | TxSCLK | Transmit Synchro Clock : can be used to synchronize the trans-
mitter on an external bit clock provided by the RS232C (or V.24)
junction.

. 3/44
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2. FUNCTIONAL DESCRIPTION

2.1. SYSTEM ARCHITECTURE

The SGS-THOMSON V.32 chip set is a highly inte-
grated modem engine which provides the functiona-
lity and performance requirements for full-duplex
9600 bps modem solutions at a low cost and with a
small circuit area. At the heart of the modem engine
are three SGS-THOMSON DSPs which implement
the complete signal processing and control functions.
The analog front end of the modem engine consists
of the SGS-THOMSON MAFE three-chip set which

Figure 1 : Hardware Architecture.

is designed to meet the requirements of high-speed
modem applications and particularly V.32 modems.
The only other components in the modem engine are
the external RAM chips used for the far-end echo
canceller delay line and the Viterbi decoder.

2.2 PROCESSOR AND MAFE CHIPS ARRAN-
GEMENT

Figure 1 shows the interconnections between the
MAFE and signal processors.
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DSP 1 communicates with the control processor
through its system bus, ADO-AD7. It is also connec-
ted to the two other DSPs through its D0-D7 and D8-
D15 data buses to transfer data, to pass a control
command to the DSPs and to get the modem ope-
ration status and then pass it to the control proces-
sor. The transmitter, V.32 handshake and part of the
receiver algorithms are implemented in this proces-
sor. DSP 0 implements the echo cancellation func-
tion. 4Kx16 of RAM are connected to this processor
to implement the data delay line for the far end echo
cancellation. DSP 2 implements most of the recei-
ver functions. 2Kx16 of RAM are attached to it due
to the requirements of the Viterbi decoder.

The transmitter interface chip, TS68950 [see ref 5
of Appendix D], is connected to the 8 MSB's of the
DSP 1 data bus. The echo replica is sent from DSP 1

Figure 2 : Functional Block Diagram.

to TS68950 then to the receiver interface chip,
TS68951 [see ref 6 of Appendix D], after conversion
to analog format. This chip and the clock generator
chip, TS68952 [see ref 7 of Appendix D], are
connected to the 8 MSB’s of the DSP 2 data bus.
The clock generator chip generates the A/D and D/A
sampling clocks and the data bit and baud rate
clocks.

2.3. OPERATION

2.3.1. MODES. The modem implementation is fully
compatible with the CCITT recommendation V.32.
It operates at two different bit rates, 9600 and 4800
bps. In the 9600 bps mode, the trellis encoder and
the Viterbi decoder can be switched in or out. Both
the bit rate and treliis options are determined during
the initial modem handshake sequence.
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2.3.2. SIGNAL SPECTRUM SHAPING. A square
root of 12.5 percent roll-off raised cosine filter is im-
plemented in the transmitter to properly shape the
transmit signal pulse. This filter is chosen based on
a compromise of two considerations. First, the si-
gnal should have a narrow spectrum to avoid severe
distortion on the telephone line. Second, the signal
spectrum should be made as wide as possible to fa-
cilitate timing recovery in receiver.

2.3.3. ECHO CANCELLATION. The echo canceller
is implemented on a single DSP [see ref 8 of Appen-
dix D] with its associated external RAM. It cancels
both near-end and far-end echoes even in the pre-
sence of frequency offset in the far-end echo path.
The near-end echo cancellation is better than 55 dB
and the residual near-end echo is smaller than - 65
dBm with a near-end echo level of - 10 dBm at the
receiver input and a far-end signal level of - 43 dBm.

The combined near-end and far-end echo cancel-
lers maintain the residual echo level 24 dB below
the received signal even if the far-end echo signal
path introduces up to 10 Hz of frequency offset. This
level of cancellation is achieved when the far-end
echo is 8 dB below the received far-end signal.

2.3.4. RECEIVER DESCRIPTION. The incoming si-
gnal is sent to the receiver interface chip to have the
echo removed before being sent to DSP 2. The ti-
ming recovery algorithm takes the signal after the
echo cancellation to derive the timing error to control
the sampling phase of the A/D. Itis able to cope with
distant modem frequency drifts upto+ 2.107" as per

CCITT rec. The A/D output samples are sent to the
adaptive equalizer and the signal energy estimator
for the gain control. The adaptive equalizer outputs
acomplex number every baud interval, which is then
phase corrected by the carrier recovery loop. The
Viterbi decoder makes hard decisions on the phase
corrected samples for the adaptation of the equali-
zerand carrier recovery. It also makes soft decisions
with an optimum decoding depth.

2.3.5. EQUALIZATION. The modem receiver has a
passband T/3 fractionally spaced automatic adap-
tive equalizer which can compensate for the signal
degradation caused by low quality line conditions.

2.3.6. SYNCHRONOUS AND ASYNCHRONOUS
DATA TRANSFER. The V. 32 modem engine pro-
vides the control processor and the DTE with both
the transmit and the receive bit clocks (Figure 3).
These clocks are generated by the TS68952 and
are independent of each other. The receive clock
(RXCLK) is derived from the received data signal.
The transmit clock (TxCLK) is free-running atthe no-
minal bit rate (9600 or 4800 bps) except during Di-
gital Loopback Mode when it is synchronous to the
RxCLK. If the transmit clock is free-running and an
external bit clock signal from the terminal is connec-
ted to point TXSCLK then the transmit bit clock will
be synchronized to that signal. The baud clocks
(TxRCLK and RxRCLK) are also available to the
control processor. If the TxSCLK pin is not used, it
should be tied to a fixed logic level.

Figure 3 : Clock Signals for Synchronous Transmission.
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The control processor interface is synchronous with
the transmit baud clock. Eight bits of data are trans-
ferred from the control processor to DSP 1 for each
information exchange. At 9600 bps, the data is
transmitted every 2 bauds and the data is transmit-
ted every 4 bauds for 4800 bps. The received bits
are also nominally transferred from DSP 1 to the
control processor once every two transmit baud in-
tervals. When the transmitter is not synchronized
with the receiver, however, the receive baud inter-
val may be slightly shorter or longer than the trans-
mit baud interval. If it is shorter, it is necessary to pe-
riodically pass 16 received bits from DSP 1 to the
control processor. If it is longer, then periodically,
there will be no data transmitted from DSP 1 to the
control processor. Since the received bits are being
passed to the DTE at a fixed rate equal to the
RxCLK, some buffering is necessary in the control
processor.

For asynchronous transmission, the clocks are not
required by the DTE. But since the control proces-
sor to DSP 1 interface is still synchronous with res-
pect to the transmit baud clock, the control proces-
sor must implement the asynchronous to synchro-
nous conversion (as specified in the V. 22 bis re-
commendation, for example). This will consist of in-
serting or deleting stop bits as required, to ensure
that the transmitted bit rate is within 0.01 % of the
nominal rate (9600 or 4800 bps).

2.3.7. TONE GENERATOR. The V.32 Engine has
thirteen tone commands to quickly program the tone
generators to generate the 2100 Hz Answer Tone
(ANSWR) and the tone pairs for DTMF digits
(DTMFO, ..., DTMF9, DTMF*, DTMF#). Silence, i.e.
termination of tone generation, is accomplished by
the use of a fourteenth command, SLNTS. These
commands provide the tones and control required
for normal operation of the modem.

Some circumstances might arise where additional
tones are desired. For such cases, the V.32 Engine
provides the user with the ability to generate such
additional tones. This special feature is achieved
through use of the tone control commands.

The V.32 Engine maintains a pair of locations which
are reserved for tone generation parameters. These
locations are denoted as TONE1 and TONE2.
These locations may be programmed by the use of
the define tone commands, DEFT1 and DEFT2.
These commands provide the two tone generators
with the phase increment of the tone to be genera-
ted with respect to the 7200 Hz sample rate.

The normal tone commands automatically program
the tone generators. The DEFT1 and DEFT2 com-
mands do not change the enabled or disabled state
of the tone generators. If a tone is being generated
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when the DEFT command is received, the new tone
will be generated without further action on the part
of the user. If tone generation was not in progress it
is not started.

Enabling the tone generators is accomplished by
the tone control commands TGENO, TGEN1,
TGEN2, and TGEN12. Each of these commands af-
fects both tone generators. TGENO disables both
tone generators and TGEN12 enables both tone
generators. To enable tone generator 1 and disable
tone generator 2the TGEN1 command s used. For
the reverse condition, with generator 1 disabled and
generator 2 enabled, the TGEN2 command is em-
ployed. if both tone generators are enabled, one of
the tone levels can be scaled as specified by the
control processor. .

Refer to the command in appendix A for more de-
tailed information.

Generation of special user tones is not part of the
normal data communications operations of the mo-
dem. Use of this feature may interfere with data
transfer operations. It is the responsability of the
user to insure that the tone generators are used at
a time when such interference will not occur and to
disable both tone generators when the tone gene-
ration operations have been completed.

2.3.8. TEST MODES.The modem can be configu-
red in two test modes, namely analog loop back and
digital loop back modes. These loop back modes
conform to the test loops 3 and 2 respectively defi-
ned in CCITT recommendation V.54.

In the local analog loop back mode, the transmitter
signal is directly fed back into the local receiver in-
put with the echo canceller enabled. The useris re-
sponsible for supplying a switch, which is control-
lable by the control processor, to enable or disable
the analog loop back mode. The receiver descram-
bler is set as the inverse of the transmitter scram-
bler so that the receiver detects correct bits.

If the modem is configured in the digital loop back
mode, the transmitter clock is locked to the receiver
clock and the received bits are used as the trans-
mitter input.

2.3.9. POWER ON INITIALIZATION. When the po-
wer is turned on, the transmitter interface sets the
output signal attenuation to infinite. This avoids un-
desirable signal transmission on the telephone line
[see ref 5 of Appendix D]. The gain of the AGC in the
receive interface is set at the lowest level to avoid si-
gnal clipping during the initial handshake. The clock
generator is programmed to generate all the neces-
sary clocks for the 9600 bps mode. The clocks in-
clude the 7200 Hz sampling clock, the 2400 Hz baud
rate clocks and the 9600 bps bit rate clocks. The

7/44
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transmit clocks are free running when the TxSClk pin
is tied to a fixed logic level. Otherwise, the transmit
bit clock is synchronized to the frequency present at
the TxSClk pin. DSP 1 is configured properly to re-
ceive commands from the control processor.

2.4. MODEM INTERFACE [Figure 4]

2.4.1. ANALOG INTERFACE. The transmit signal
at the tip and ring is programmable over a 22 dB dy-
namic range by 2 dB steps in TS68950. The signal
level can be further scaled to any value by setting a
scaling factor in the DSP. The nominal Transmit le-
vel, at the ATO pinis — 5.7 dBm.

2.4.2. DIGITAL INTERFACE. The DSP and control
processor interface complies with the system bus
interface of the TS68930. The interface to the
control processor is managed by DSP 1 as shown
in Figure 1. The DSP signals which are presented
to the interface, and a brief definition of the signals
are tabulated in table 1.

Table 1 : Digital Interface Signals.

Interface Signals Signal Definition

DOH Data Bus (LSB)

D1H Data Bus

D2H Data Bus

D3H Data Bus

D4H Data Bus

D5H Data Bus

DeéH Data Bus

D7H Data Bus (MSB)

RWL Write Signal

DSL Data Strobe

INTL Mailbox Handshake

CSL DSP Select

RSL Register Select
TxRCLK Transmit baud rate clock
RxRCLK Receive baud rate clock

TxCLK Transmit bit rate clock
RxCLK Receive bit rate clock

TxMCLK Transmit multiplex clock
RxMCLK Receive multiplex clock
TxSCLK Transmit terminal clock

All information exchanges across this interface
conform to the three byte mailbox structure [see ref 4
of Appendix D] and protocol of the DSP. As may be
seen in the table, the DSP generates a control signal,
INTL, which defines the mailbox handshake operation.

2.4.3. CONTROL PROCESSOR/DSP INTER-
FACE. As seen by the software in the user provided
control processor, DSP 1 is a synchronous machine.
It requires the attention of the control processor at
regular intervals in order to perform properly. Any
failure of the control processor to interact with the
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modem engine in a timely manner will result in re-
duced performance or improper operation.

Each interaction begins when the control processor
sends a three byte command to the mailbox. Once
the command has been written to the mailbox, the
ownership of the mailbox is relinquished by the
control processor. Upon acquisition of the mailbox,
DSP 1 reads the command bytes and then sends a
three byte response to the mailbox. Then, DSP 1 re-
linquishes the ownership of the mailbox back to the
control processor. The received command is then
decoded and the embedded data and/or operatio-
nal parameters are extracted and acted upon as ap-
propriate. The modem status information will be col-
lected for the next mailbox exchange. The control
processor handles the returned information as soon
as it regains the ownership of the mailbox.

Because the control processor owns the mailbox ini-
tially, it may store a command at any time before it
is required by DSP 1. After this, the mailbox be-
comes available to DSP1 and can be read by itwhen
required.

2.4.4. MAILBOX DESCRIPTION.The mailbox loca-
ted internally to the DSP contains 3-byte input (RIN)
and 3-byte output (ROUT) shift registers. The DSP
has an internal flag RDYOIN which indicates whe-
ther the DSP (RDYOIN = 0) or control processor
(RDYOIN = 1) has access to the mailbox. The DSP
can relinquish its accessability to the mailbox by set-
ting RDYOIN but it can no longer regain access to
the mailbox as RDYOIN is reset only after the control
processor relinquishes its accessability to the mail-
box. The access protocol and system bus transfers
are controlled by an internal I/O sequencer within
the DSP described as follows :

1. The mailbox is made available to the control pro-
cessor by the DSP program which sets RDYOIN
flag to 1. This action will cause INTL mailbox
handshake signal to switch to the active (low)
state.

2. The control processor detects INTL active and
dummy reads the mailbox by forcing DSP Select
(CSL) and Register Select (RSL) low along with
write signal (RWL) high. The activated Data
Strobe signal (DSL = 0) validates the above si-
gnals.

3. The DSP detects the dummy read of its mailbox
viathe control signals mentionedin 2 and negates
INTL mailbox handshake signal within 800 ns.

4. The control processor detects the negation of
INTL indicating that the DSP mailbox is available
for data transfers. The control processor writes
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three 8-bit bytes and/or reads three 8-bit bytes in
the mailbox shift registers RIN, ROUT respecti-
vely.

5. The exchange protocol described above is termi-
nated by the control processor performing a dum-
my read of the mailbox as in 2 but with RSL in the

Figure 4 : Functional Interconnect Diagram.

high state.

6. The RDYOIN flag within the DSP is cleared to 0
by the dummy read of the mailbox in step 5 and
the DSP now has access to RIN and ROUT re-
gisters within the mailbox.
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3. USER INTERFACE - COMMAND SET

The command set has the following attractive fea-
tures :

- user friendly with easy to remember mnemonics

- allows straightforward expansion with new com-
mands to suit specific customization requirements

- fully compatible with other SGS-THOMSON
DSP-based modem products.

The command set has been designed to provide the
necessary functional control of the V.32 Engine.
Each command falls into one of several groups, ba-
sed on function and the presence or absence of pa-
rameters. The length of the OP code varies with in-
struction type, but in all cases, a command consists
of three bytes.

The commands which pass parameters or data to
DSP 1 have a short OP code format. Byte 0 forms

the OP code portion of the command. Bytes 1 and
2 are data and/or parameters associated with each
OP code. The meaning of the last two bytes is de-
pendent on the specific instruction.

Otherinstructions command the V.32 Engine to per-
form certain specific tasks. These do not pass pa-
rameters or data to the V.32 Engine. These com-
mands have an OP code which is a full 24 bits in
length.

The command set of the V.32 Engine is summari-
zed below. The descriptions are of the form :

MNEMONIC (OPCODE) : DESCRIPTION.

For detailed information and data format specifics
of each command, please refer to appendix A.
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3.1. COMMAND SUMMARY

3.1.1. OPERATIONAL CONTROL COMMANDS.
FREZ (14) : Freeze adaptive processes. Freeze the
adaptive processes as specified by the data in bits
0 and 1 of byte 1. Bit 0 of byte 1 controls the adap-
tive equalizer. Freeze the equalizer if bit 0 of byte 1
is 1. A 0 in this bit will unfreeze the equalizer. Echo
canceller adaptation is controlled by bit 1 of byte 1.
if bit 1 is 1, the echo canceller adaptation is frozen.
The echo canceller adaptation is unfrozen by a 0 in
bit 1.

HSHK (040000) : Handshake. Begin the handshake
sequence. The V.32 modem engine carries out all
the steps defined in the CCITT recommendation.
The status reported to the control processor will in-
dicate the success or failure of the process and its
progress.

INIT (0600CO) : Initialize. Initialize the V.32 modem
engine. Set all parameters to default values and wait
for commands for the control processor.

JMP (06) : Force code execution at address. Force
the selected processor of the V.32 Engine to begin
execution at the address specified. '

NOP (000000) : No Operation. No new operation is
commanded. The state of the V.32 engine remains
unaltered and a previously invoked multi-baud com-
mand (such as HSHK) continues.

RTRA (050000) : Retrain. Start sending the retrain
sequence as defined in the CCITT recommenda-
tion.

SETGN (02) : Set Gain. This-command sets a glo-
bal gain factor, which will be multiplied by all trans-
mit samples before being sent to the TS68950.
Bytes 1 and 2 store the gain factor.

3.1.2. DATA COMMUNICATIONS COMMANDS.
XMIT (03) : Transmit data. Transmit data to far end
modem. The data is provided in byte 1 of the com-
mand, where the least significant bit is the first bit to
be transmitted. The third byte of the command must
be provided, but is not used. Hence, any value may
be supplied.

XMITI (01) : Transmit data and Initiate additional cy-
cle. Transmit data and inform the DSP to accept
another command at the next transmit baud. If the
next command requires an answer from DSP 1, the
control processor has to keep issuing this command
followed by a command which does not requires an
answer until the answer has been received.

3.1.3. MEMORY. MANIPULATION COMMANDS.

SPAC (13) : Store Parameter And Count. Store pa-
rameter in addressed memory and increment the
pointer. This command passes data in bytes 1 and
2, least significant byte in byte 1. It is used to write
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an arbitrary 16-bit value into the writable memory lo-
cation currently specified by the Memory Address
Register. The contents of the Memory Address Re-
gister are incremented by 1 at the completion of this
command.

SPAM (12) : Store parameter in Addressed Memo-
ry. This command passes data in bytes 1 and 2,
least significant byte in byte 1. It is used to write an
arbitrary 16-bit value into the writable momory loca-
tion currently specified by the Memory Address Re-
gister.

WARP (10) : Write Address and Return Parameter.
This command allows the controller to read any of
the XRAM, YRAM, ERAM or CROM of any of the
three modem DSPs without interrupting the proces-
sors. The address to the V.32 modem engine is pro-
vided in bytes 1 and 2 of the command (least signi-
ficant byte first). DSP 1 stores the address in the Me-
mory Address Register and returns the contents of
the addressed location.

WARPX (11) : Write Address and Return Parame-
ter Complex. The address to the V.32 modem en-
gine is provided in bytes 1 and 2 of the command
(least significant byte first). DSP 1 stores the ad-
dress in the Memory Address Register. The most si-
gnificant bytes of the real and imaginary parts of a
complex number are returned. The 8 most signifi-
cant bits of the data addressed by the Memory Ad-
dress Register are returned to the control processor
through byte 1. Byte 2 stores the 8 most significant
bits of the data at the location immediately higher.
The Memory Address Register retains the address
provided. (i.e. it is not incremented.)

3.1.4. CONFIGURATION CONTROL COMMANDS
CV32 (20) : Configure modem for V.32. Configure
the modem as Originate / Answer, 9600/4800, Vi-
terbi / No-Viterbi, Analog Loopback, Digital Loop-
back.

CV29 (21) / CV27T (22) / CV26T (23) / CV23 (24)
/ CV22B (25) / CV21 (26) / CB212 (27)/ CB103 (28)
/ CGRP2 (29) : Configure the modem to the basic
operating mode specified, as well as Originate/Ans-
wer, 9600/4800, Analog Loopback, Digital Loop-
back. These commands are not supported by the
V.32 Engine. They are listed here only for reference
(i.e. for future upgrade or other product).

3.1.5. MAFE MANIPULATION COMMANDS.
CMAFE (07) : Configure MAFE. The following two
bytes of this command are written directly to the
MAFE chip set (TS68950/1/2). This allows the
control processor to configure parameters, such as
the transmit level, the receiver analog frontend, and
the transmit and receive clocks.

RRR1 (080000) : Read Register 1. Causes the V.32
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Engine to read and immediately return the 12 bit
contents of the MAFE register RR1.

RRR2 (090000) : Read Register 2. Causes the V.32
Engine to read and immediately return the 12 bit
contents of the MAFE register RR2.

WTR1 (0A) : Write Register 1. Causes the V.32 En-
gine to write the supplied data to the MAFE register
TR1.

WTR2 (0B) : Write Register 2. Causes the V.32 En-
gine to write the supplied data to the MAFE register
TR2.

3.1.6. TONE SELECT COMMANDS.
TONE (0C) : Select Tone. Program the tone gene-
rator(s) for the desired tone(s). Examples include :

- ANSWR (0C1000) : Program the tone generator
for the 2100 Hz answer tone.

- DTMF (see appendix) : Program the tone gene-
rators for the tone pair which forms the specified
DTMF digit.

This command selects the tones to be transmitted,
but does not enable the tone generators. To trans-
mit the tones, the tone control commands must be
issued.

3.1.7. TONE CONTROL COMMANDS

DEFT1 (OE) : Define Tone 1. Define tone 1 as spe-
cified by the parameter provided. The two data bytes
following the opcode are used to program, but not
enable, tone generator 1. The data for the tone is
represented as a phase offset per sample. Byte 1
stores the least significant byte of the phase incre-
ment.

DEFT2 (OF) : Define Tone 2. Define tone 2 as spe-
cified by the parameter provided. The two data bytes
following the opcode are used to program, but not
enable, tone generator 2. The data for the tone is
represented as a phase offset per sample. Byte 1
stores the least significant byte of the phase incre-
ment.

SLNT (0D0000) : Silence the tone generators. Dis-
continue tone transmissions by disabling the tone
generators.

TGEN (0D) : Tone Generator control. Enable or di-
sable tone generator 1 and tone generator 2 accor-
ding to parameter provided. If both tone generators
are enabled, the level of tone 2 is 2 dB higher than
that of tone 1. However, the user can change the re-
lative levels by modifying the amplitude level of both
tone generators.

"_ SGS-THOMSON

3.2. STATUS REPORTING

Whenever DSP 1 owns the mailbox, it transmits the
modem status to the control processor. The status
consists of three bytes of information which are sto-
red by DSP 1 in its ROUT register for access by the
control processor. These three bytes may consist of
received bits and modem status or they may contain
the answers to the previous command, such as
WARP and RRR1/2.

Data bits have higher priority than the answer to the
previous command. If both data byte and command
answer are ready to be sent, the data will be sent.

Byte 0 contains status flags. Refer to appendix B for
the detailed format of the status response. The four
most significant bits, FOO, FO1, F10 and F11, indi-
cate various conditions during the call establish-
ment, handshaking and the data modes. They have
different meanings in different modes. The flag
DAV1 and DAV2 are used to indicate the type of in-
formation contained in bytes 1 and 2. Bit H is used
to indicate the condition of the handshake and bit
107 informs the control processor whether the 107
flag has to be set.

DAV1 and DAV2. If both DAV1 and DAV2 are set
to 1, bytes 1 and 2 contain the data in response to
the previous command. Refer to the relevant com-
mands in appendix A to get the detailed information
on the interpretation of the data in bytes 1 and 2.
Otherwise, they contain either the received data bits
or the handshake detection status or both.

If both bits are set to 0, both byte 1 and byte 2 contain
the data bits, where the bits in byte 1 are received
earlier in time. The least significant bit is the first bit
received. The data bits are stored in byte 1 and the
modem status is stored in byte 2 when DAV2 is 1
and DAV1 is 0. When DAV1 is 1 and DAV2is 0, the
control processor should ignore the data in byte 1
and get the detection status from byte 2.

During handshake operations the V.32 Engine re-
ports the detection status regularly. When the rate
sequence is received, it will be transferred in byte 1
of the response. Each bit in byte 2 indicates the de-
tection of a specific event in the training sequence.
It has different meanings for call and answer mo-
dems. For detailed information, refer to appendix B.
During the data mode, byte 2 is always provided,
but is used only when there are two bytes of data to
transmit. This occurs occasionally when the recei-
ver clock is running faster than the transmitter clock.
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F00-F11 bits. During the call establishment opera-
tion, the V.32 Engine reports call progress tones
through the FO1 and FOO flags. FOO is set to 1 when
the signal energy in frequency band 1 is above the
threshold level. FO1 is set to 1 when the signal en-
ergy in band 2 is above the threshold level. Detec-
tion of the 2100 Hz answer tone is indicated by set-
ting the F10flagtoa 1.

During handshake operations, all four bits are used
to indicate the line condition and some detection re-
sults. FOO is set to 0 if the line quality is good and 1
if it is bad. FO1 is set to 1 if any segment in the trai-
ning sequence is not detected within atime out. This
bit can be used to indicate a non V.32 detection if
either AA is not detected in the answer modem or
the AC is not detected in the call modem. Both FOO
and FO1 are setto 1 when anillegal mode ora GSTN
cleardown is received in the rate sequence.

The detection of the rate sequence is reported in the
flags F11 and F10. When the modem is operating
at 9600 bps without trellis coding, these bits are both
set to 0. With trellis coding at 9600 bps, F11 is set
to 1 and F10 is cleared to 0. For 4800 bps, 0 and 1
will be placed in F11 and F10, respectively. When
both F11 and F10 are set to 1, the modem has ne-

3.3. COMMAND LIST
OPERATIONAL CONTROL COMMANDS

gotiated with the far end modem and determined
that the maximum negotiated operating speed is
2400 bps.

During data mode, the perceived line quality is re-
ported in the flags FO1 and F0O. The line conditions
are reported as either good (code 00), poor (code
01), or terrible (code 10). The code 10 should be in-
terpreted as a local modem retrain request. Upon
receipt of this code, the controller can issue the
RTRA command to begin the retrain procedure. The
code 11 is used when the remote modem begins a
retrain sequence. The control processor is then res-
ponsible for manipulating the appropriate data com-
munications interface signals.

H and 107 bits. When the V.32 Engine is comman-
ded to perform the CCITT handshake sequence, the
H bit will be set to 1 for the duration of the handshake
operation. At the successful completion of the hand-
shake operation the H flag will go to 0 and the control
processor is then responsible for manipulating the
appropriate data communications interface signals.
e.g. 106 and 109. The 107 flag is set to a 1 to indi-
cate that the controller should assert signal 107 on
the data communications interface.

Command OP Code o
Mnemonic (HEX) Description
uFzec 170000 Unfreeze Echo Canceller
Frezq 1B0000 Freeze the Equalizer Adaptation
Frezc 160000 Freeze the Echo Canceller Adaptation
uFzeq 1C0000 Unfreeze Equalizer
hshk 040000 Handshake with Other Modem
initt 0600C0 Initialize Modem
jmpt 06 Force Code Execution
nop 000000 No Operation
rtra 050000 Retrain
setgnt 02 Set the Scaling Factor for the Transmitter

DATA COMMUNICATIONS COMMANDS

Command OP Code i
Mnemonic (HEX) Description

xmit 03 Transmit Data

xmitit 01 Transmit Data and Initiate Additional Transfer

1 Future enhancement or other product reference.
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MAFE MANIPULATION COMMANDS

Command OP Code T
Mnemonic (HEX) Description
cmafet 07 Configure MAFE Chipset
rertt 080000 Read MAFE Reg RR1
rrr2t 090000 Read MAFE Reg RR2
wirtf 0A Write MAFE Reg TR1
witr2t 0B Write MAFE Reg TR2
TONE SELECT COMMANDS
Command OP Code Lo
Mnemonic (HEX) Description
answ 0C1000 Select 2100 Hz Answer Tone
dtmf O 0C0000 Select DTMF Digit 0
dtmf 1 0C0100 Select DTMF Digit 1
dtmf 2 0C0200 Select DTMF Digit 2
dtmf 3 0C0300 Select DTMF Digit 3
dtmf 4 0C0400 Select DTMF Digit 4
dtmf 5 0C0500 Select DTMF Digit 5
dtmf 6 0C0600 Select DTMF Digit 6
dtmf 7 0C0700 Select DTMF Digit 7
dtmf 8 0C0800 Select DTMF Digit 8
dtmf 9 0C0900 Select DTMF Digit 9
dtmf * 0COE00 Select DTMF Digit *
dtmf # 0COF00 Select DTMF Digit #
tone oc Select Tone (s)
CONFIGURATION CONTROL COMMANDS
Command OP Code _—
Mnemonic (HEX) Description
cv32 20 Configure Modem for V.32
cv29t 21 1 Configure Modem for V.29
cv27tt 22 1 Configure Modem for V.27t
cv26tt 23 1 Configure Modem for V.26t
cv23t 24 1 Configure Modem for V.23
cv22Bt 25 1 Configure Modem for V.22 / V.22 bis
cv21t 26 1 Configure Modem for V.21
cb212t 27 1 Configure Modem for Bell 212
cb103t 28 1 Configure Modem for Bell 103
cgrp2t 29 1 Configure Modem for Group 2 Fax
MEMORY MANIPULATION COMMANDS
1
Command OP Code -
Mnemonic (HEX) Description
spact 13 Write MEM and Increment MEM Pointer
spamt 12 Write MEM
warpt 10 Write MEM Pointer & Read MEM
warpxt 11 Write MEM Pointer & Read MEM & MEM + 1

1 Future enhancement or other product reference.

13/44
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TONE CONTROL COMMANDS

Command OP Code Lo
Mnemonic (HEX) Description

deft1t OE Define Tone 1

deft2t OF Define Tone 2

sint 0D0000 Transmit no Tone

tgen 0 0D0000 Tone Generators Disabled

tgen 11 0D0100 Tone Generator 1 Enabled

tgen 2t 0D0200 Tone Generator 2 Enabled

tgen 3 0D0300 Tone Generators 1 & 2 Enabled

4, ELECTRICAL SPECIFICATIONS
4.1. MAXIMUM RATINGS :

TS75320/1/2
Symbol Parameter Value Unit
Vee: Supply Voltage -03to 7.0 \
Vin* Input Voltage -03t07.0 v
Ta Operating Temperature Range 0to 70 °C
Tsig Storage Temperature Range — 5510 150 °C

* With respect to V ss.
Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional operation
of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to
avoid possible damage to the device.

TS68950/1/2
Symbol Parameter Value Unit
Supply Voltage between V + and AGND or DGND -03to+7 \Y
Supply Voltage between V - and AGND or DGND -7t +03 \"
Voltage between AGND and DGND -03t0+03 \Y
Digital Input Voltage DGND - 0.3 to V¢c' + 0.3 Vv
Digital Output Voltage DGND - 0.3 to Vec' + 0.3 \
Digital Output Current —-20to +20 mA
Analog Input Voltage Vee - 03to Ve + 0.3 \'
Analog Output Voltage Vee — 0.3 to Veg™ + 0.3 \
Analog Output Current —10to + 10 mA -
Power Dissipation 500 mwW
Toper Operating Temperature Oto+ 70 °C
Tstg Storage Temperature —651t0 + 150 °C
14/44
L7 S HOMEN
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4.2. DC ELECTRICAL CHARACTERISTICS
Digital Supply

DGND =AGND =0V

Vec=5.0V+5%,Vss=0, Ta=0to + 70°C (Unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voltage 4.75 5 5.25 \'
Vi Input Low Voltage -03 0.8 Vv
ViH Input High Voltage 24 Vee )

li Input Extal Current - 50 + 50 uA
lin Input Leakage Current - 10 10 uA
VoH Output High Voltage (lioag = — 300 pA) 2.7
except DTACK \
VoL Output Low Voltage (ljpag = 3.2 mA) 0.5 \
Po Total Power Dissipation 4.5 6.6 W
Cin Input Capacitance 10 pF
Itsi Three State (off state) Input Current (0.4 V - 2.4 V) - 20 - 20 MA
Tamb Operating Temperature (note 1) 0 70 °C
Rgya Thermal Resistance Junction-ambient 28 °C/W
Note 1 : Case temperature Tc must be maintained below 100 “C.
Analog Supply

Symbol Parameter Min. Typ. Max. Unit
v+ Positive Power Supply 4.75 5.25 v
' Negative Power Supply -5.25 —-4.75 \Y
I+ Positive Supply Current 35 mA
1~ Negative Supply Current -35

by 3ESoNe =
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4.3. AC ELECTRICAL SPECIFICATIONS

4.3.1. CLOCK AND CONTROL PINS TIMING
(Vec=5.0V£5%, Ta=0’to + 70°C, see figure 5)
OUTPUT LOAD = 50 pF + DC characteristics | load
REFERENCE LEVELS:  AC TESTING INPUTS ARE DRIVEN AT 2.4 VFOR ALOGIC "1" AND 0.4 V
FOR A LOGIC "0".TIMING MEASUREMENTS ARE MADE AT 1.5V FOR
BOTH A LOGIC "1" AND "0".
tr, tf <5 ns for i nput signal

Symbol Parameter Min. Typ. Max. Unit
teex External Clock Cycle Time 40 ) ns
trex External Clock Fall Time 5 ns
trex External Clock Rise Time 5 ns
teoh EXTAL to CLKOUT High Delay 25 ns
teol EXTAL to CLKOUT Low Delay 25 ns
teor CLKOUT Rise Time 10 ns
teof CLKOUT Fall Time 10 ns
tdic CLKOUT to Control Output Low (INTL) 50 ns
tahe CLKOUT to Control High (INTL) 50 ns

Figure 5 : Clock and Control Pins Timing.

tcex

tfex trex
-

T

EXTAL
CLKOUT
INTL
tdic ) )
16144 LSy SGS-THOMSON
’I MICROELECTRONICS
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4.3.2. TS68952 : Clock Generator
CLRYSTAL OSCILLATOR INTERFACE

Symbol Parameter Conditions Min. Typ. Max. Unit
Vi Input Low Level Voitage 15 \Y
Vin Input High Level Voltage 35 \4
[ Input Low Level Current| DGND < V| < VL max -15 uA
I Input High Level Current| Vig min <V < V* 15 uA
CLOCK WAVE FORMS
Symbol Parameter Conditions Min. Typ. Max. Unit
PC Main Clock Period XTAL1 Input 150 173.6 ns
twel Main Clock Low Level
Width XTAL1 Input 50 ns
tweH Main Clock High Level
Width XTAL1 Input 50 ns
trc Main Clock Rise Time XTAL1 Input 50 ns
trc Main Clock Fall Time XTAL1 Input 50 ns
toc Clock Output Delay All Clock Outputs CL=50 pF|
. 500 ns
Time
tre Clock Output Transition | All Clock Outputs CL=50 pF
. 100 ns
Time
Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are givenfor V*=5.0 V
andt gmp =25 °C.
Figure 6 : Clock Generator.
PC |
_ tweH twel
MAIN CLOCK [;5 v \
INPUT
XTAL1
t
'RC = tFC be
\ 22V
CLOCK OUTPUTS
(9 CLOCKS)
} 08V
tTc
LNy SGS-THOMSON 17144
Y/ sicRoELECTRONICS
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4.3.3.LOCAL BUS TIMING
(Vec=5.0V£5%, Ta=0"to + 70°C, see figure 7)

Symbol Parameter Min. Max. Unit
tpw RD, WR, DS Pulse Width 1/2tc - 15 1/2 tc ns
tan Address Hold Time 10 ns
tosw Data Set-up Time, Write Cycle 25 ns
toHw Data Hold Time, Write Cycle 10 ns
tozw DS High to Data High Impedance, Write Cycle 40 ns
tpsr Data Set-up Time, Read Cycle 20 ns
toHR Data Hold Time, Read Cycle 5 ns

taRw Address Valid to WR, DS, RD Low 1/2 tc — 40 ns
Figure 7 : Local Bus Timing Diagram.
’ taH
ADDRESSES
A8-A11,ADO-AD7 7
tpw
RD,DSWR /_
' ARw
Upw
RW e
t
ARW tosw 'ohw ozw
DO-D15 |
DATA OUT DATA OUT
'SR {DH
D0-D15 T
DATA IN DATAIN —
18/44 (N7 SGS-THOMSON
Y/ icroLEcTRONICS
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4.3.4. SYSTEM BUS TIMING
(Vcc=5.0V+5%, Ta=0"to + 70°C, see figure 8)

Symbol Parameter Min. Max. Unit
tspw SDS Pulse Width 60 ns
tsaw SR/ V_V, 5§, RS Set-up Time 20 ns
tsan SR/ W, CS, RS Hold After SDS High 5 ns
tspsr Data Set-up Time, Read Cycle 20 ns
tspHR Data Hold Time, Read Cycle 5 ns
tspsw Data Set-up Time, Write Cycle 35 ns
tsoHw Data Hold Time, Write Cycle 10 50 ns
tDsHIR SDS High to IRQ High 800 ns
tspzw SDS High to Data High Impedance, Write Cycle 40 ns

Figure 8 : System Bus Timing Diagram.
tspw |
SDs %
tsaw tsaH
SRW,CS
RS
[RWL,CSL,RSL] ~
tspsR 'spHR
ADO-AD7
DATA IN DATAIN
[DOH-D7H] * t
SDZW
tpspsw {SDH
ADO-AD7
DATAOUT < DATA OUT } >
tpsLDT tpsHDT
DTACK —
{psHIR
TRQ
+ Note : Signal names on Host Processor Interface.
L7 SGS-THOMSON 19744
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5. PIN CONNECTIONS

TS75320 - TS75321 - TS75322

D4 D3
D5 D2
D6 D1
D7 g DO
D8 (g BE3
D9 BE4
D10 (g BSO
D11 g BS1
D12 e BS2
D13 g1 AN
D14 (: VCC
D15 g:- A10
vss (- A9
XTAL (- A8
EXTAL { AD7
CLKOUT = AD6
RD {7 :[] AD5
WR g 5 AD4
SR/W xf] AD3
sDS 520 = AD2
cs (= %= AD1
RS 1 2ifj ADO
RESET (= xp BES
IRQ [z ») BE6
TS68951
sr 28(] b4
D6 |2 27 3 D3
p7 [J3 26[] D2
E Qs 2517 p1
R/W E 5 24{] po
cso (s 23[] TxCCLK
cs1 7 22[7 RxCCLK
Rso []8 21[] ok
RS1 I: 9 2007 vt
DGND [J10 19[] AGC2
EEl []n 18[] cD1
AGCl 712 17j LEI
RFO 113 16[] RAI
VT [Oa 5[] AGND
20/44
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TS68950
DSI: 1\ 2o
o6 [ 2 2[]03
07[]3 2 g D2
E[]a 21 :ID1
RW 5 20[] 00
cso[s 19[J Txceus
cs1[]7 18 j CL¥
Rso[]8 vt
rRs1[]9 15[ €0
DGND [ 10 13[]aT0
TEST[ N 1Jexi
v [ 13[] AGHD
TS68952
Dsd 1 A 28 1 pa
b6 []2 27 [] 03
D7'[]3 26 [] 02
EO4 25 [ D1
w5 24 [ TxCCLK
cso (s 23 [ TxCLK
csi q 7 22 [] RxCLK
rso [ 8 21 [J RxCcCLK
RS1[ ]9 20 [ ] RxRCLK
TOE 10 19 g RxMCLK
Txscuk O 11 18 [ TxMCLK
oeno [ 12 17 v
xTAaL1 (13 16 [ TxRCLK
xtarz [] 14 15 [] ciK
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6. ORDERING INFORMATION

Part Number Temperature Range Package
TS75320CP 0 °C to + 70 °C DiP48
TS75321CP 0°Cto+70°C DIP48
TS75322CP 0°Cto+70°C DIP48
TS68950CP 0°Cto+ 70 °C DIP24
TS68951CP 0°Cto+70°C DiP28
TS68952CP 0°Cto+70°C DIP28

7.PACKAGE MECHANICAL DATA

TS75320/TS75321/TS75322
48 Pins - Plastic Dip.

e mox e=254 e max 4,57 max
elejeleyblele e e e el 16,1 max.
RY2RERERE Y
Y LA bl
L T SNy AN —
5.08max |1 7 i
4R y IRHAHA]
far osn
39 0.508
4 Vi 25
i W om B o B W e Wm B e B e B o B B o W 4
Datum Y
N/
Or J //
(] 7
:m:%_rur_ru g g
7 24
63.5max. - 14
48 PINS
‘ SGS-THOMSON 21/44
Y/ wicroELECTRONIGS
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TS68950
24 Pins - Plastic Dip.

\
|02 -
Shse
15.24
24 13
haimiminininiaiaifaininiss ‘
Datum ‘
(1)  Nominal dimension
Or 3 9_ T - T T (2) True geometrical position
o
; OO I T UL i
32.6 max. 14
24 PINS
TS68951/TS68952
28 Pins - Plastic Dip.
e=254 4,57 max
e,e e ,e,ee,e,e;e, e e e e 16.1 max.
0.51 min.
Y 1 |
= =
" 5,08 max. i | HIlIE [ l I i
- At S S—
1 ! [ ! [ 'RIRIR A
A
31 0.38 | 02
39 0508 03
15.24
28 15
aimininisininisinisisinlwisd
Datum
% :
kO
EUDUU_U—UUUUL—'UULJ‘#
1
- 38.1 max. - 14
6
28 PINS
22/44 (37 SGS-THOMSON
Y/ WicRoELECTRONICS
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APPENDIX A
COMMAND SET DESCRIPTION

&7

cmafet . configure the Ts68950/1/2
components of the V.32 Engine

INSTRUCTION TYPE
MAFE manipulation command

OPCODE
07

SYNOPSIS
cmafe address register code data

DESCRIPTION

cmafe is used to directly manipulate the operating
parameters of the TS68950/1/2 components of the
V.32 Engine. This is a low level command which al-
lows the controller to alter such things as the trans-
mit level, transmit timing, receive timing, and recei-
ver parameters, etc. The command consists of asin-
gle byte OPcode followed by a byte containing the
address code for the desired register and a data
byte for the addressed register. The data bytes will
be transferred in the order received and interpreted
by the addressed device. Refer to the data sheets
of the TS68950, TS68951, and TS68952 for pro-
gramming specifics.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 1 1 1

BYTE 1 DEFINITION

R R R 0 0 0 0 0

REG CODE (Refer to TS68950 Data Sheet).

BYTE 2 DEFINITION

* * * * * * * *

DATA BYTE (Refer to TS68950 Data Sheet).

SGS-THOMSON 23/44
MICROELECTRONICS
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APPENDIX A

CV32 - configure the V.32 Engine

INSTRUCTION TYPE
configuration control command

OPCODE
20

SYNOPSIS :
cv32 speed ec orig atn al dl f

DESCRIPTION

cv32is used to alter the operating parameters of the
V.32 Engine. The passed parameters provide a two
bit speed code which selects the desired baud rate.
Another parameter explicitly turns on or off the echo
canceller. If the V.32 Engine is to operate in the ori-
ginate mode, the orig parameter must be set. When
this parameter is not set, the V.32 Engine is confi-
gured as an answer mode device. The al and dl pa-
rameters allow the user to select between the ana-
log and digital loopback test conditions, respective-
ly. The transmit attenuation level is selected by the
atn parameter. etc.

BYTE 0 DEFINITION (OP CODE)

BYTE 2 DEFINITION

ATN3| ATN2| ATN1|ATNO| DL | RSV | RSV | RSV

0 0 1 0 0 0 0 0

BYTE 1 DEFINITION

RSV| RSV| FC | EC | AL | SP1 | SP0O [ORIG

SPEED CODE
SP1-0

00 : 9600 bps

01 : 4800 bps

11 : 2400 bps

FLAG BIT
FC 0/1
ECT o
ORIG 01
ALY o

DEFINITION

Do not/Do force cleardown
Echo Canceller off/on

Answer mode / Originate mode
Analog Loopback test disabled /
enabled

RSV - Reserved

24na4 Ly7 SGS:THOMSON

FLAG BIT
pLt on

DEFINITION

Digital Loopback test disabled/
enabled

Transmit attenuation

0dB to 22 dB : codes 0000 to 1011
in 2 dB steps

Infinite : codes 1100 to 1111

RSV - Reserved

ATN3-0'

MICROELECTRONIGS
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APPENDIX A

deft1 t. define tone 1

INSTRUCTION TYPE
tone control command

OPCODE
OE

SYNOPSIS
deft tone descriptor

DESCRIPTION

deft1 is a command which used to program tone
generator 1. The 16 bit value provided is used as
the phase offset per sample for the generator. The
deft1 command does not enable the tone generator.
See also tgen.

BYTE 0 DEFINITION (OP CODE)

deft2T- define tone 2

INSTRUCTION TYPE
tone control command

OPCODE
OF

SYNOPSIS
deft tone descriptor

DESCRIPTION

deft2 is a command which used to program tone
generator 2. The 16 bit value provided is used as
the phase offset per sample for the generator. The
deft2 command does not enable the tone generator.
See also tgen.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 1 1 1 0

0 0 0 0 1 1 1 1

BYTE 1 DEFINITION

BYTE 1 DEFINITION

P7 | Ps | P5 | P4 | P3| P2 | P1 | PO

P7 | P6 | P5 | P4 | P3| P2 | P1 | PO

LOW BYTE OF DESCRIPTOR.

BYTE 2 DEFINITION

LOW BYTE OF DESCRIPTOR.

BYTE 2 DEFINITION

P15 | P14 | P13 | P12 | P11 | P10 | P9 | P8

P15 | P14 | P13 | P12| P11 | P10 | P9 | P8

HI BYTE OF DESCRIPTOR.

‘ﬂ SGS-THOMSON

HI BYTE OF DESCRIPTOR.

25/44
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APPENDIX A

frzc - Freeze the echo canceller adapta-
tion

INSTRUCTION TYPE
operational control command

OPCODE
160000

SYNOPSIS
frzec

DESCRIPTION

frzec causes the V.32 Engine to enable or disable
the adaptation of the echo canceller, to the current
parameter.

BYTE 0 DEFINITION (OP CODE) .

frezq - Freeze the equalizer adaptation

INSTRUCTION TYPE
operational control command

OPCODE
1B0000

SYNOPSIS
frzezq

DESCRIPTION

frzezq causes the V.32 Engine to disable the adap-
tation of the equalizer.

BYTE 0 (OP CODE)

0 0 0 1 0 1 1 0

0 0 0 1 0 1 1 0

BYTE 1 DEFINITION

BYTE 1 DEFINITION

0 0 0 0 0 0 0 0

o| o|l o] o] ol o] Cc|oO

BYTE 2 DEFINITION

BYTE 2 DEFINITION

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

26/44
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APPENDIX A
hShk - begin handshake sequence

INSTRUCTION TYPE
operational control command

OPCODE
040000

SYNOPSIS
hshk

DESCRIPTION

hshk is used to command the V.32 Engine to begin
the handshake sequence processing. The progress
of the handshake is reported to the control proces-
sor along with the data bits. For detailed informa-
tion, refer to appendix B.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 1 0 0

BYTE 1 DEFINITION (OP CODE)

0 0 0 0 0 0 0o | 0

BYTE 2 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0

Kyy S5S;THOMSON

27/44
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APPENDIX A

INItT - initialize the V.32 Engine

INSTRUCTION TYPE
operational control command

OPCODE
0600C0

SYNOPSIS
init

DESCRIPTION

init forces the V.32 Engine to reset all parameters
to their default conditions and restart operations.

BYTE 0 DEFINITION (OP CODE)

]mpT - force code execution at address

INSTRUCTION TYPE
operational control command

OPCODE
06

SYNOPSIS
jmp processor code address

DESCRIPTION

jmp forces the selected processor of the V.32 En-
gine to begin execution at the address specified.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 1 1 0

0 0 0 0 0 1 1 0

BYTE 1 DEFINITION (OP CODE)

BYTE 1 DEFINITION

0 0 0 0 0 0 0. 0

A7 A6 | A5 | A4 | A3 | A2 | At A0

BYTE 2 DEFINITION (OP CODE)

ADDRESS LOW.

BYTE 2 DEFINITION (OP CODE)

1 1 0 0 0 0 0 0

P1 PO 0 0 0 | AMO| A9 | A8

28/44

"_I SGS-THOMSON

PROC CODE ADDRESS HI
P1-0 A10-A8
00 : Master
01 : Receiver
10 : Echo Cancel
11 Al
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APPENDIX A

NOP - no operation is specified

INSTRUCTION TYPE
operational control command

OPCODE
000000

SYNOPSIS
nop

DESCRIPTION

nop is used when communications with the V.32 En-
gine are required but no action is desired.

BYTE 0 DEFINITION (OP CODE)

rrr1 t. Read MAFE register RR1

INSTRUCTION TYPE

MAFE manipulation command
OPCODE

080000

SYNOPSIS

rrrd

DESCRIPTION

rrr1 causes the V.32 Engine to read the 12 bit
contents of the MAFE chipset register RR1. The da-
ta is returned in a standard three byte format. The
least significant data byte is returned in byte 1, fol-
lowed by the most significant data byte. Byte O is the
standard response format (refer to appendix B) with
DAV1 and DAV2 bits set to 1. Consult the data sheet
of the TS68951 for the specifics of the returned da-
ta.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0

BYTE 1 DEFINITION (OP CODE)

BYTE 1 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

BYTE 2 DEFINITION (OP CODE)

BYTE 2 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0

ol oo o] ol o] o]0

L3y SGs-THoMSON 29/44
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APPENDIX A
rrrZT - Read MAFE register RR2 rtra - force a retrain of the V.32 Engine
INSTRUCTION TYPE INSTRUCTION TYPE
MAFE manipulation command operational control command
OPCODE OPCODE
090000 050000
SYNOPSIS ) SYNOPSIS
rr2 rtra
DESCRIPTION DESCRIPTION

rrr2 causes the V.32 Engine to read the 12 bit rtra is used to force the V.32 Engine to initiate a re-
contents of the MAFE chipset register RR2. The da- train sequence on the channel.

ta is returned in a standard three byte format. The

least significant data byte is returned in byte 1, fol-

lowed by the most significant data byte. Byte O is the

standard response format (refer to appendix B) with

DAV1 and DAV2 bits set to 1. Consult the data sheet

of the TS68951 for the specifics of the returned da-

ta.
BYTE 0 DEFINITION (OP CODE) BYTE 0 DEFINITION (OP CODE)

0 0 0 0 1 0 0 1 0 0 0 0 0 1 0 1
BYTE 1 DEFINITION (OP CODE) BYTE 1 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
BYTE 2 DEFINITION (OP CODE) BYTE 2 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
30/44 I
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APPENDIX A

SetgnT - set global gain factor

INSTRUCTION TYPE
operational control command

OPCODE
02

SYNOPSIS
stegn gain value

DESCRIPTION

setgn is a command which used to scale the trans-
mit samples. The 16 bit value provided is used as
the multiplicative constant to be multiplied with each
transmit sample. :

BYTE 0 DEFINITION (OP CODE)

Slnt - Disable tone generators

INSTRUCTION TYPE
tone command

OPCODE
0D0000

SYNOPSIS
sint

DESCRIPTION

sint causes the V.32 Engine to disable the tone gen-
erators, thus stopping the tone output (i.e. send si-
lence).

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 0 1 0

0 0 0 0 1 1 0 1

BYTE 1 DEFINITION

BYTE 1 DEFINITION

G7 | G6 | G5 | G4 | G3 | G2 | GI | GO

0 0 0 0 0 0 0 0

LOW BYTE OF GAIN VALUE.

BYTE 2 DEFINITION

BYTE 2 DEFINITION (OP CODE)

Gi15| G14 | G13 | G12 | G11 | G10 | G9 | G8

0 0 0 0 0 0 0 0

HI BYTE OF GAIN VALUE.

‘y_l SGS-THOMSON
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APPENDIX A

SpacT - Store Parameter And Count

INSTRUCTION TYPE
memory manipulation command

OPCODE
13

SYNOPSIS
spac lo-byte hi-byte

DESCRIPTION

spac is a command which used to write an arbitra-
ry 16 bit value into the writable memory location cur-
rently specified by the Memory Address Register.
The content of the Memory Address Register is in-
cremented by 1 at the completion of command exe-
cution. See also WARP.

BYTE 0 DEFINITION (OP CODE)

spamT - Store Parameter in Addres-
sed Memory

INSTRUCTION TYPE
memory manipulation command

OPCODE
12

SYNOPSIS
spam lo-byte hi-byte

DESCRIPTION
spam is a command which used to write an arbitra-
ry 16 bit value into the writable memory location cur-

rently specified by the Memory Address Register.
See also WARP.

BYTE 0 DEFINITION (OP CODE)

0 0 0 1 0 0 1 1

0 0 0 1 0 0 1 0

BYTE 1 DEFINITION

BYTE 1 DEFINITION

D7 D6 | D5 | D4 | D3 | D2 | D1 DO

D7 D6 | D5 | D4 D3 D2 | D1 DO

LOW BYTE OF DATA.

BYTE 2 DEFINITION

LOW BYTE OF DATA.

BYTE 2 DEFINITION

D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8

D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8

HI BYTE OF DATA.

32/44 Ly SGs-THOMSON
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tgen - Enable and disable tone
generators

INSTRUCTION TYPE
tone control command

OPCODE
0D

SYNOPSIS
tgen tg code

DESCRIPTION

tgen causes the V.32 Engine to enable or disable
tone generator 1 and tone generator 2, according to
the parameter provided. Either tone generator 1 or
tone generator 2 can be scaled by the parameter
provided in byte 2. If neither is scaled and both tone
generators are enabled, tone 2 has a level 2 dB hi-
gher than tone 1. The user cannot scale both tone
generators. If both generators are selected to be
scaled, tone generator 1 has higher priority.

BYTE 0 DEFINITION (OP CODE)

tone - Select and transmit tone (s)

INSTRUCTION TYPE
tone select and command

OPCODE
0C

SYNOPSIS
tone tone code

DESCRIPTION

tone causes the V.32 Engine to program the tone
generators for the specified tone ortones. The tones
are defined by the tone code parameter passed in
the second byte of the command. See also tonetab
for the predefined single and double tones, and the
commands deft and tgen for user definable tones
and tone generator conirol.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 1 1 0 1

0 0 0 0 1 1 0 0

BYTE 1 DEFINITION (TONE CODE)

BYTE 1 DEFINITION (TONE CODE)

0 0 0 0 |TGN2|{TGN1| 0 0

T7 T6 T5 | T4 | T3 | T2 T1 TO

TG CODE
TGC2-1

00 disabled

o1t enabled

10t disabled

11 enabled

BYTE 2 DEFINITION (OP CODE)

TONE GEN 1 TONE GEN 2
disabled
disabled
enabled
enabled

0 0 0 0 0 0 0 0

BYTE 2 DEFINITION (OP CODE)

0 0 010 0 0 0 0

Tone Code Tone Parameters

DTMF 0 (941 & 1336 Hz)
DTMF 1 (697 & 1209 Hz)
DTMF 2 (697 & 1336 Hz)
DTMF 3 (697 & 1477 Hz)
DTMF 4 (770 & 1209 Hz)
DTMF 5 (770 & 1336 Hz)
DTMF 6 (770 & 1477 Hz)
DTMF 7 (852 & 1209 Hz)
DTMF 8 (852 & 1336 Hz)
DTMF 9 (852 & 1477 Hz)
(697 & 1633 Hz)
(770 & 1633 Hz)
(852 & 1633 Hz)
(941 & 1633 Hz)
DTMF * (941 & 1209 Hz)
DTMF # (941 & 1477 Hz)
Answer tone (2100 Hz)

STMOOWP>ORXNO TR WN =O
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Ufzec - Unfreeze the echo canceller
adaptation

INSTRUCTION TYPE
operational control command

OPCODE
170000

SYPNOSIS
ufzec

DESCRIPTION

Ufzec causes the V.32 Engine to enable the adap-
tation of the echo canceller.

BYTE 0 DEFINITION (OP CODE)

Ufzeq - Unfreeze the equalizer adapta-
tion

INSTRUCTION TYPE
operational control command

OPCODE
1C0000

SYPNOSIS
ufzeq

DESCRIPTION

Ufzeq causes the V.32 Engine to enable the adap-
tation of the equalizer.

BYTE 0 DEFINITION (OP CODE)

0 0 0 1 0 1 1 1

0 0 0 1 1 1 0 0

BYTE 1 DEFINITION (OP CODE)

BYTE 2 DEFINITION (OP CODE)

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

BYTE 2 DEFINITION (OP CODE)

BYTE 3 DEFINITION

0 0 0 0 0 0

0‘0 O\OOOOO

34/44
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WarpT - Write Address & Return Para-
meter

INSTRUCTION TYPE
memory manipulation command

\“Warpr - Write Address & Return Pa-

rameter Complex

INSTRUCTION TYPE
memory manipulation command

OPCODE OPCODE
10 11
SYNOPSIS SYNOPSIS

warp address

DESCRIPTION

warp is a command which is used to write the Me-
mory Address Register ofthe V.32 Engine. The V.32
Engine responds with the contents of the addressed
location. The data is returned in a standard three
byte transfer. The least significant data byte is retur-
ned in the byte 1, followed by the most significant
data byte. Byte 0 is the standard response format
(refer to appendix B) with DAV1 and DAV2 bits set
to1.

BYTE 0 DEFINITION (OP CODE)

warpx address

DESCRIPTION

warpx is a command which is used to write the Me-
mory Address Register of the V.32 Engine. The V.32
Engine responds with the contents of the most si-
gnificant bytes of the addressed location and the ad-
dressed location + 1. The data is returned in a stand-
ard three byte transfer. Byte 0 is the standard re-
sponse format (refer to appendix B) with DAV1 and
DAV2 bits set to 1. Byte 1 is used to return the 8
most significant bits contained in the addressed lo-
cation. The 8 most significant bits of the addressed
location + 1 are returned in byte 2.

BYTE 0 DEFINITION (OP CODE)

0 0 0 1 0 0 0 0

0 0 0 1 0 0 0 1

BYTE 1 DEFINITION

BYTE 1 DEFINITION

A7 A6 | A5 | A4 | A3 | A2 | Al AO

A7 A6 | A5 | A4 | A3 | A2 | A1 | AO

LOW BYTE OF DATA.

BYTE 2 DEFINITION

LOW BYTE OF DATA.

BYTE 2 DEFINITION

P1 PO | M1 | MO | A11 | A10 | A9 | A8

P1 PO | M1 MO | A11 | A10 | A9 | A8

PROC CODE MEM CODE ADDRESS HI
P1-0 M1-0 A11-A8
00 : Master 00 : XRAM
10 : Receiver 01: YRAM
01 : Echo Canceller 10 : EMEM
11 :CROM
Ly SGS-THOMSON 35144
Y/ saicrozLECTRONICS
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Wir11. write MAFE register TR1

INSTRUCTION TYPE
MAFE manipulation command

OPCODE
0A

SYNOPSIS
wtr1

DESCRIPTION

wir1 causes the V.32 Engine to take the two sup-
plied data bytes and write them in sequence to the
MAFE chipset register TR1.

BYTE 0 DEFINITION (OP CODE)

WHr2t. write MAFE register TR2

INSTRUCTION TYPE
MAFE manipulation command

OPCODE
0B

SYNOPSIS
wtr2

DESCRIPTION

wtr2 causes the V.32 Engine to take the two sup-
plied data bytes and write them in sequence to the
MAFE chipset register TR2.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 1 0 1 0

0 0 0 0 1 0 1 1

BYTE 1 DEFINITION (DATA)

BYTE 1 DEFINITION (DATA)

D3 D2 | D1 DO 0 0 0 0

D3 D2 | D1 DO 0 0 0 0

BYTE 2 DEFINITION (DATA)

BYTE 2 DEFINITION (DATA)

D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4

D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4

36/44 L3y $5S:THoMSsON
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XMt - transmit data to other modem

INSTRUCTION TYPE
data communications command

OPCODE
01

SYNOPSIS
xmit data

DESCRIPTION

xmit is used to command the V.32 Engine to send
data. The OP code for the xmit command is a sin-
gle byte. The data bits to be transmitted are stored
in the second byte, where DO is the first bit to be
transmitted.

BYTE 0 DEFINITION (OP CODE)

Xm'tlT- transmit data to other modem
and initiate additional cycle

INSTRUCTION TYPE
data communications command

OPCODE
03

SYNOPSIS
xmit data

DESCRIPTION

xmit is used to command the V.32 Engine to send
data. The OP code for the xmit command is a sin-
gle byte. The data bits to be transmitted are stored
in the second byte, where DO is the first bit to be
transmitted.

‘0‘0‘0 0‘0‘0 0‘1’

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 0 1 1

BYTE 1 DEFINITION

BYTE 1 DEFINITION

D7 D6 | D5 D4 | D3 | D2 | D1 DO

D7 D6 | D5 D4 D3 D2 D1 DO

D0-D7 DATA BITS

BYTE 2 DEFINITION

D0-D7 DATA BITS

BYTE 2 DEFINITION

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

Lyy SGs-THoMSON 37/44
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STATUS REPORTING DESCRIPTION

BYTE 0 DEFINITION

F11 F10 FO1 F0O DAV2 DAV1 H 107
FLAG CODE CALL HANDSHAKE DATA XFER
F01-00 ESTAB OPERATIONS OPERATIONS
00 no tones line quality is good line quality is good
01 Band 1 detected line terrible (local retrain req.) line quality is poor
10 Band 2 detected time out line terrible (local retrain req.)
11 Both bands detected  line cleardown remote retrain sequence detected
F11-10
00 reserved 9600 bps no trellis reserved
01 Answer tone 4800 bps reserved
10 AC detected 9600 bps trellis reserved
11 reserved 2400 bps reserved
DAV1 DAV2 DEFINITION
0 0 Data is in byte 1 and 2.
0 1 Data is in byte 1 and status word in byte 2.
1 0 No data bits and status word is in byte 2.
1 1 Answer to the last command is in bytes 1 and 2.
FLAG BIT DEFINITION
H 0/1 Handshake is not/is in progress
107 0/1 Set circuit 107 off/on

BYTE 1 DEFINITION

RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
BYTE 1 DEFINITIONT
ST7 ST6 ST5 ST4 ST3 ST2 STH ST0
Bit Call Modem Answer Modem
ST7 AC detected AA detected
ST6 AC-CA detected AA-CC detected
ST5 CA-AC detected Silence detected
ST4 S detected S detected
ST3 S-S/detected S-S / detected
ST2  R1 detected R2 detected
ST1 R3 detected N/A
STO E detected E detected
38/44
‘— SGS- 0
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This appendix describes the interconnection between the different chips.
SYSTEM INTERFACE

Signal Name Chip/Pin Description
DOH..D7H TS75321/27..34 System Data Bus : connect to host processor.
CSL TS75321/21 Chip Select : connect to host processor.
RSL TS75321/22 Register Select : connect to host processor.
DSL TS75321/20 Data Strobe : connect to host.
RWL TS75321/19 Read/Write : connect to host.
INTL TS75321/24 Interrupt Request : connect to host processor
RSTLA1 TS75321/23 Reset : connect to host processor.
RSTL2 TS75322/23 Reset
RSTLO TS75320/23 Reset
CLOCK SIGNAL
Signal Name Chip/Pin Description
TxRCLK TS68952/16 Transmit baud clock.
TS75321/26
TxCCLK TS68952/24 Transmit conversion clock.
TS75321/44
TS68950/19
TS68951/23
RxRCLK TS68952/20 Receive baud clock.
TS75321/43
TS75322/44
RxCCLK TS68952/21 Receive conversion clock.
TS75321/25 :
TS75322/43
TS68951/22
TxSCLK TS68952/11 If not used must be grounded.
XTLA TS68952/13 External crystal input : must be connected via a 5.76 MHz crystal
to XTL2.
XTL2 TS68952/14 External Crystal Input
CLK TS68952/15 Main analog clock : this output, in accordance with the XTL1/2
TS68950/18 crystal, must be 1.4 MHz (+ - 7Hz).
TS68951/21
25 MHz TS75320/15 Main digital clock : connect to a 25 MHz oscillator.
TS75321/15
TS75322/15
TxCCLK TS68952/23 Transmit bit clock.
RxCCLK TS68952/22 Receive bit clock.

K37 S5s:THOMSON 89144
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ANALOG SIGNALS
Signal Name Chip/pin Description
ATO TS68950/15 Analog Transmit Output : connect to DAA.
EEO" TS68950/16 Analog echo cancelling estimation.
TS68951/11
LEI TS68951/17 Local Echo Input : connect to DAA.
RAI TS68951/16 Receive Analog Input : connect to DAA.
RFO TS68951/13 This pin must be connected throught a 1 uF nonpolarised capacitor
to AGC1 input.
AGC1 TS68951/12
AGC2 TS68951/19 Connect to the analog loop back signal (see schematic).
CD1 TS68951/18 Connect to the analog ground through a 1 uF nonpolarised
capacitor

Caution : T The connection between EEO (TS68950/16) and EEI (TS68951/11) must be as close as possible to avoid parasitics on echo esti-

mate signal.

INTER DSP AND EXTERNAL MEMORY CONNECTION

Signal Name

Chip/Pin

Description

0D0..0D15

TS75320/45..48,1..12
RAMO0/100..1015

Data Bus

1D8..1D15

TS75321/5..12
TS75320/27..34
RAMO/ADO..AD7

TS68950/20..24, 1..3

Data and Address Buses

1D0..1D7

TS75321/45..48, 1..4
TS75322/27..34
RAM2/ADO..AD7

Data and Address Buses

2D9..2D15

TS75322/6..12
TS68951/25..28, 1..3
TS68952/25..28, 1..3

RAM2/109..1015

Data Bus

2D8

TS75322/5
TS68951/24
RAM2/I08

Data Pin

2D0..2D7

TS75322/45..48, 1.4

RAM2/100..107

Data Bus

1A11

TS75321/39

TS75320/21

TS75322/21
TS68950/7

Address Line

1A10

TS75321/37
TS68950/6

Adress Line

1A9

TS75321/36
TS68950/9
TS75320/22

Address Line

Note :

RAMO Refer to DSP0 4Kx16 External memory.

RAM2 Refer to DSP2 2Kx16 External memory.

Where : 10
AD

is bidirectional data bus
is address line

WEL is Write Enable (active low)
CEL is Chip Select (active low)

40/44
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i INTER DSP AND EXTERNAL MEMORY CONNECTION (continued)

Signal Name

Chip/Pin

Description

1A8

TS75321/35
TS68950/8
TS75322/22

Address Line

1 1RWL

TS75321/18
TS75320/19

TS75322/19
TS68950/5

Control Line

1DSL

TS75321/17

TS75320/20

TS75322/20
TS68950/4

Control Line

0A8..0A11

TS75320/35..37,39
RAMO/ADS..AD11

Address Line

oDSL

TS75320/17
RAMO/CEL

Control Line

ORWL

TS75320/18
RAMO/WEL

Control Line

2A8.2A11

TS75322/35..37,39
T868951/8,9,6,7
TS68952/8,9,6,7

RAM2/A8..A10,CEL

Address Line

: 2DSL

TS75322/17
TS68951/4
TS68952/4
RAM2/OEL

Control Line

2RWL

TS75322/18
TS68951/5
TS68952/5
RAM2/WEL

Control Line

1 0IRQL

TS75320/24
TS75321/42

Synchro Line

2IRQL

TS75322/24
TS75321/41

Synchro Line

Note : RAMO Refer to DSP0 4Kx16 External memory.
RAM2 Refer to DSP2 2Kx16 External memory.

Where : 10 s bidirectional data bus
AD is address line
| WEL is Write Enable (active low)
i CEL is Chip Select (active low)
OEL is Output Enable (active low)

L§7 SGS-THOMSO 41744
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POWER SUPPLY AND MISCELLANEOUS

Signal Name

Chip/Pin

Description

+ 5VA

TS68951/20
TS68950/17

Positive Analog Power Supply

- 5VA

TS68951/14
TS68950/12

Negative Analog Power Supply

AGND

TS68950/13
TS68951/15

Analog Ground

vcc

TS75320/38
TS75321/38
TS75322/38
TS68952/17

Main Digital Power Supply

DGND

TS75320/13
TS75321/13
TS75322/13
TS68950/10
TS68951/10
TS68952/12

Digital Ground Power Supply

xtal

TS75320/14
TS75321/14
TS75322/14

Not Connected (must be left open)

Clkout

TS75320/16
TS75321/16
TS75322/16

Not Connected (25 MHz/4)

TO

TS68952/10

Not Connected (must be left open)

AGND

TS68950/14

Auxiliary Input

DGND

TS75321/40
TS75320/40..44
TS75320/25..26
TS75322/40..42
TS75322/25..26

TS68950/11

Not Used

42/44
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Figure 9 : Analog Path.
ATO 600 N
TS
10K L 10K N LINE
68950 | o 600
1
N, N
30K /L 16K N
S |
i 27pF
A
EEI
TS LEI
Rx level adjust
AN
68951 | oo ﬂ
AGC2
Ly7 SGS-THOMSON 43/44
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REFERENCES

CCITT recommendation V.32.

CCITT recommendation V.54.

Data sheet of the TS75320 , V.32 modem echo canceller, SGS - THOMSON Microelectronics.
Data sheet of the TS68930, TS68931 programmable signal processor, SGS - THOMSON
Microelectronics.

Data sheet of the TS68950 transmitter interface chip, SGS - THOMSON Microelectronics.
Data sheet of the TS68951 receiver interface chip, SGS - THOMSON Microelectronics.

[71  Data sheet of the TS68952 clock generation chip, SGS - THOMSON Microelectronics.
[8]  Application guide : Using the TS75320 Echo canceller in V.32 modems, SGS - THOMSON
Microelectronics.
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MULTI MODE MODEM ANALOG FRONT-END

ADVANCE DATA

= 12 BIT A/D AND D/A CONVERTERS WITH
PROGRAMMABLE SAMPLING FREQUENCY :
7.2,8.0, OR 9.6 kHz

= 6 TH ORDER SWITCHED CAPACITOR
TRANSMIT FILTER

= TRANSMIT ATTENUATOR PROGRAMMABLE
FROM 0 dB TO 22 dB WITH 2 dB STEP

= DUPLEXER OUTPUT AVAILABLE WITH PRO-
GRAMMABLE ATTENUATION

» 15 TH ORDER SWITCHED CAPACITOR Rx
FILTER (PROGRAMMABLE)

= TWO PROGRAMMABLE GAIN Rx AMPLI-
FIERS : FROM 0 dB TO 9 dB WITH 3 dB STEP

BEFORE Rx FILTER AND FROM 0 dB TO 46.5 P
dB WITH 1.5 dB STEP AFTER Rx FILTER DIP40
s PROGRAMMABLE CARRIER LEVEL DETEC- (Plastic Package)
TOR
m ON CHIP ANTI-ALIASING CELLS (TRANSMIT
AND RECEIVE)

» TWO INDEPENDANT TRANSMIT AND RE-
CEIVE DIGITAL PHASE LOCKED LOOPS
(DPLLS)

= TERMINAL CLOCK INPUT FOR TRANSMIT
SYNCHRONIZATION

= THREE AVAILABLE OUTPUT CLOCKS : BIT,
BAUD AND CONVERSION CLOCKS

« DSP INTERFACE THROUGH 8 BIT STAN-
DARD BUS FOR BOTH SIGNAL SAMPLES
AND CONTROL REGISTER ACCESS

= AUTOMATIC RESET ON POWER-ON

= +5V POWER SUPPLY

= 250 MW TYPICAL POWER CONSUMPTION

FN
PLCC44
(Plastic Package)

DESCRIPTION

The TS7542 is a single-chip analog front-end des-
igned to implement high-performance voice-grade
MODEMS. Associated with a Digital Signal Proces- RMATION
sor such as TS68930/31 or ST18930/31, it provides ORDERING INFO

a cost-effective and powerful solution forimplemen- Part Number [Temperature Range| Package

V.22, V.22bie, v 23, V.26, V3T V36 Vg3 and | 1S742CP | o700 [ D 40
.22, V.22bis, V.23, V.26, V.27, V.29, V.33 an "

BELL 103, 202 and 212 A standards. TS7542CFN 0to70°C PLCC 44

August 1988 1/35

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice
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PIN CONNECTIONS

PLCC44 DIP40
D4 |1 : ; 40[] DGND
CLKINI D6 D4 D1 D5 (]2 39[] D3
Nc | D7 | D5 |paND| D2 | Do D6 (3 381 D2
] VL fml V‘L M VJW M [ii ] iml D7 E4 373 D1
_ 6 5 4 3 2 1 4443424140 CLRiNI Cls 367 Do
RW Q7 39 [1 TxSCLK w0 5
cs108 38 [J XTAL1 AW L6 35) TSCLK
Csodoe 37 F xTAL2 csi 7 340 XTAL1
RS0 O 10 36 [1 TXCLK cso s 33[1] XTAL2
Rs1 Q11 35 [J TxRCLK Rso L9 32[] TxCLK
EQ2 34 0 TxCOLK rst (10 317 TXRCLK
\)" E S gz i :XEE‘EK el 30[J TxCCLK
+ X|
RFO [ 15 31 [J RxCCLK v-Q2 291] RxGLK
o ie 30 0 EXI v+ 13 28[ 1 RXRCLK
Nc O 17 29 0 NC RFO 14 27[7 RxCCLK
18 19 20 21 22 23 24 25 26 27 28 Lao O1s 26[J EXI
s el el pxi (16 25[] ATO
Dxl TAGC2TCD1T Vi T V- TATO A O 2ab1 v
RAI AGC1 NC AGND V+ accz O1s 23F1 v-
AGct 19 22[] AGND
cb1 2o 21 v+
M88TS7542-02 M88TS7542-01
PIN DESCRIPTION

N° Name Description

1-4 D4-D7 Bidirectional Data Bus

5 CLKINI Clock Initialization Input. Must be tied to V* during normal operation.

6 RIW Read/Write Selection Input. This input indicates whether the current bus
cycle is a read (high) or write (low) cycle.

7-8 CS1-CS0 Chip Select Inputs. The chip is selected when CS0 = 0 and CS1 = 1.

9-10 RS0-RS1 Register Select Inputs. Select the register involved in a read or write
operation.

11 E Enable Input. Enables selection inputs.

Active on a low level for read operation.
Active on a positive-going edge for write operation.

12 ' Negative Supply Voltage. V™ =-5V 5%

13 v Positive Supply Voltage. V* =+ 5V +5 %

14 RFO Receive Filter Analog Output. Designed to be connected to AGC1 input
through a 1uF non polarized capacitor.

15 LAO Line Attenuator Output. Duplexer analog output useful for line monitoring
during call progress.

16 DxI Duplexer Input. Signal on that analog input will be subtracted from the
receive anti-aliasing filter output to implement duplexer function.

17 RAI Receive Analog Input. Analog input tied to the transmission line.

18 AGC2 This pin must be connected to the analog ground through a 1uF non
polarized capacitor, in order to cancel the offset voltage of the AGC
amplifier.

19 AGC1 Analog input of the AGC amplifier and of the carrier level detector.

L7 SGS-THOMSON 3135
Y/ icrozLECTRONICS
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PIN DESCRIPTION (continued)

20 CD1 This pin must be connected to the analog ground through a 1uF non
polarized capacitor, in order to remove the offset voltage of the carrier
level detector amplifier.

21 v* Positive Power Supply Voltage

22 AGND Analog Ground. All analog signals are referenced to this pin.

23 ' Negative Supply Voltage

24 v Positive Supply Voltage

25 ATO Analog Transmit Output. Capable of driving 1200 Q load with 5 V peak to
peak amplitude.

26 EXI External Transmit Input. Can be programmed to be connected to the
transmit filter or to the transmit attenuator input.

27 RxCCLK Receive Conversion Clock Output

28 RxRCLK Receive Baud Rate Clock Output

29 RxCLK Receive Bit Rate Clock Output

30 TxCCLK Transmit Conversion Clock Output

31 TxRCLK Transmit Baud Rate Clock Output

32 TxCLK Transmit Bit Rate Clock Output

33 XTAL2 Crystal Oscillator Output. Nominal Frequency = 5.76 MHz.

34 XTAL1 Crystal Oscillator or External Master Clock Input

35 TxSCLK Transmit Synchronization Clock Input. Can be connected to an external
terminal clock to phase lock the internal transmit clocks. When this pin is
tied to a permanent logical level the transmit DPLL free-runs or can be
phase locked on the receive clock system.

36-39 D0-D3 Bidirectional Data Bus
40 DGND Digital Ground. All digital signals are referenced to this pin.

FUNCTIONAL DESCRIPTION

The TS7542 is generally used in conjunction with a
DSP to realize the "data-pump" function of a high-
speed modem. The circuit communicates with the
DSP via an 8-bit bidirectional bus and mainly in-
cludes the following functions :

- the transmit analog channel with the D/A
Converter, the transmit filter and the transmit
attenuator.

- the receive analog channel with the local echo
subtractor, the receive filter, the AGC ampilifier,
the A/D converter and the carrier level detector.

- thetwoindependent transmit and receive clock
generators using Digital Phase Locked Loops
(DPLL).

- the 15 registers used to store the 12-bit trans-
mit and receive digital samples, digital informa-
tion for the DSP like the clock and the carrier
level detector status, and the data needed to
control the programmable functions or to syn-
chronize the DPLLS.

435 Ly SGs-THOMSON

TRANSMIT CHANNEL

The transmit channel converts the digital transmit
signal coming from the DSP into the analog signal
to be transmitted on the phone line. It includes a
12 bit digital to analog converter (DAC) operating at
7200, 8000 or 9600 samples per second according
to the supported standard and the signal processing
compromises made in the DSP. The maximum ana-
log output signal amplitude is 5 V peak to peak , de-
fined by the internal +2.5 V voltage reference. The
DAC is monotonic and provides a guaranteed inte-
gral linearity better than 9 bit.

The transmit filter is a 6 th order low-pass switched
capacitor filter (SCF) sampled at 288 kHz, whose
cut-off frequency is 3.2 kHz. As the Sin x/x correc-
tion depends on the DAC sampling frequency, it has
not been included in the tansmit filter and must be
performed by the DSP. The transmit filter is followed
by a second order, continuous time low-pass filter

MICROELECTRONICS
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that removes the residual high frequency parasitic
signals.

The transmit attenuator allows the transmit signal
gain to be programmed from 0 dB to — 22 dB with
2 dB steps. Infinite attenuation is also programma-
ble. The output amplifier can directly drive a 1200 Q
load. For special applications, the EXI input can be
programmed to give access to the input of the trans-
mit filter or to the input of the attenuator.

RECEIVE CHANNEL

The receive channel begins with a second order
continuous time anti- aliasing filter followed by a
subtractor used to implement the two-wire to four-
wire conversion with few external components. The
receive signal is then directed to the receive filter in-
put and also, after programmable attenuation, to the
LAO output for line monitoring purpose during call
progress. Attenuation can be 0 dB, 6 dB, 12 dB or
infinite. The receive switched capacitor bandpass fil-
ter is composed of three programmable sections :
A 5 th order low-pass section, a 4 th order optional
1800 Hz notch section and a 6 th order high-pass
section. It also includes an input pre-filtering gain
programmable from 0 dB to 9 dB with 3 dB steps.
This feature is useful to optimize the dynamic range
of the signal by setting the maximum receive level
value close to 5 V peak to peak.The transfer func-
tion of the receive low-pass and high-pass filter sec-
tions can be translated by changing their sampling
clock frequencies to support different communica-
tion standards. Ten modes are programmable to
comply with CCITT V.21, V.22, V.22 bis, V.23, V.26,

V.27, V.29 or V.33 as well as BELL 103, 202 or
212A. The typical curves obtained are given in the
TRANSMISSION CHARACTERISTICS section of
the data sheet. The receive filter output is smoothed
in a continuous time low-pass filter and then direc-
ted to the automatic gain control (AGC) amplifier
programmable from 0 dB to 46.5 dB with 1.5 dB
steps. The same signal is also connected to the car-
rier level detector input. Three external capacitors
are needed to eliminate the offset voltage as indica-
ted in Fig.1. The residual DC level at the analog to
digital converter (ADC) input is kept low and inde-
pendent of the selected gain.

The carrier level detector performs the comparison
between the full wave rectified receive signal and
programmable threshold voltage nominally equiva-
lent to - 45.5 dBm, - 34.4 dBm or —28.6dBm with a
2.5 dB hysteresis. The binary result of the compari-
son can be read by the DSP. The nominal response
time of the carrier level detector to a signal settle-
ment or removal is 1.78 ms. The receive signal de-
livered by the AGC amplifier is sampled and conver-
ted from analog to digital by a 12-bit monotonic A/D
converter whose integral linearity is guaranteed bet-
ter than 9 bit. The sampling frequency is the same
as that programmed for the transmit DAC i.e. 7200,
8000,0r 9600 samples per second.

CLOCK GENERATION

The 5.76 MHz master clock is obtained from either
a crystal tied between XTAL1 and XTAL2 pins or an
external generator connected to the XTAL1 pin. In
the latter case the XTAL2 pin should be left open.

Figure 1 : AGC and Carrier Level Detector Amplifier Structure.

CARRIER

LEVEL
DECTECTOR

Rx |
ANDRC [ “4 I

FILTERS RFO AGC1

l analog ground

to A/D Converter

AGC2
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To meet the CCITT recommandation, the frequen-
cy tolerance requirement of the master clock must
be better than = 100 ppm. The different transmit (Tx)
and receive (Rx) clocks are derived from the mas-
ter clock via two independent digital phase locked
loops (DPLL).

TRANSMIT CLOCKS

As shown in Fig.2 the transmit DPLL operates by
adding or subtracting pulses to a 2.88 MHz internal
clock at a rate of 600 Hz. Consequently the frequen-
cy capture range equals + 600 Hz/2.88 MHz, i.e.
+ 208 ppm, a value consistent with the worst case
synchronization of two independent signals having
+ 100 ppm of frequency accuracy. When V.27
clocks are selected, the DPLL up-dating rate is in-
creased to 800 Hz which is a submultiple of the
1600 baud rate of that particular mode. In this case
the frequency capture range is + 278 ppm.

The transmit DPLL can be synchronized on an ex-
ternal terminal clock connected to the TxSCLK in-
put or on the receive bit clock R x CLK internally ge-
nerated from the receive DPLL. It can also free-run
without any phase shift.

The TS7542 delivers three synchronous transmit
clocks :

- abit clockT x CLK whose frequency equals the
bit rate of the MODEM

- abaudclock T x RCLK whose frequency equals
the baud rate of the MODEM

- a conversion clock T x CCLK that gives the
samplinfrequency of the transmit D/A conver-
ter

The frequencies of these three clocks are program-
mable to support the different MODEM modes.
Their duty cycle is exactly 1 : 2. These clocks are
available on three dedicated pins. Their status can
also be read by the DSP from an internal register,
TCR. Resetting of all the transmit clock generator
counters on the next negative transition of T x SCLK
or R x CLK can be controlled from the data bus.

Figure 2 : DPLL Lead and Lag.

RECEIVE CLOCKS

The receive DPLL phase shifts are performed in two
ways :

- acoarse phase lag is obtained by suppressing
several 5.76 MHz master clock pulses from the
input of the receive clock generator under the
control of the DSP. The number of suppressed
pulses is programmable from 20 to 4800 with a
step value of 20 or 300. That feature will be
used to quickly synchronize the receive DPLL
on the recovered receive rate.

- afine phase lead or lag is obtained by adding
or suppressing two master clock pulses from
the receive clock generator input, like for the
transmit DPLL. But in that case the shifts are
controlled by the DSP that also implements the
phase comparator of the phase locked loop.

The TS7542 delivers three receive clocks with the
same nominal frequency values as their transmit
counterparts :

- abitclock R x CCLK

- abaud clock R x RCLK

- aconversion clock R x CCLK .

The status of these clocks can also be read from an
internal register, RCR.
The receive and transmit clocks are plesiochronous.

INTERNAL REGISTERS

The 8-bit bidirectional data bus allows to access 15
internal registers as detailed in Fig.3. The data
transfers are controlled by the six following signals :

- two chip select inputs CSO and CS1 that must
be put respectively to 0 and 1 to allow a data
transfer.

- Theread/write input R/W that defines the trans-
fer direction

- Two register select input that address one out
of four registers for a read or a write operation.
Actually indirect addressing is used to extend
to eight the number of the control registers.

LI rrerirrerirri

INTERNAL

2.88 MHz CLOCK

DPLL QUTPUT _r_\__l—l_r‘_rl__l_l I I m

— = = —
LEAD LAG
M88TS68952-04
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- The enable input E that strobes on its positive -

going transition the data to be written, or

that

enables on its low level state the output buffers

when a data is to be read from a register.

The timing diagram of the data transfers is given in

the TIMING SPECIFICATIONS section of the data

sheet.

The
tion

The four registers only accessible in a write opera- -

tion are :

- TR1a that stores the 8 most significant bit -
(MSB) of the 12-bit transmit signal digital sam-

ples.

- TRibthat stores the 4 least significant bit (LSB)

of the transmit signal digital samples.

- ARC that stores the 3-bit address of one out of

eight control registers.

Figure 3 : Internal Registers Configuration.

The control register whose address is stored in
the ARC register. The content of ARC is auto-
matically incremented after each access to a
control register. This allows cyclical access to
these registers.

four registers only accessible in a read opera-
are :

RR1a that stores the 8 MSB of the 12-bit re-
ceive signal digital samples

RR1b that stores the 4 LSB of the 12-bit receive
signal digital samples

RCR that stores the receive clock and the car-
rier level detector status

TCR that stores the transmit clock status

TS 7542
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=
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:
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The addresses of the internal registers are given in
table 1. Table 2 shows the formats used for the di-
gital signal samples stored in the TR1a/b registers,

inthe TCR and RCR regjisters. Table 3 summarizes
the address and data format of the 8 control regis-
ters whose function is detailed in the PROGRAM-

the RR1a/b registers and for the status data stored MABLE FUNCTIONS section.
Table 1.
RW RSO RS1 AccessedRegister Comment
0 0 0 TR1b
0 0 1 TR1a
) 7 ) ARG Write Only Registers
0 1 1 The Control Register Addressed by ARC
1 0 0 RR1b
1 0 1 RR1a
y p o RCR Read Only Registers
1 1 1 TCR
Table 2.
Register Register Conteni{note 1) Comment
Name D7 D6 D5 D4 D3 D2 D1 DO
TR1a Tx11 Tx10 Tx9 Tx8 Tx7 Tx6 Tx5 Tx4
TR1b Tx3 Tx2 Tx1 Tx0 X X X X
RR1a Rx11 Rx10 Rx9 Rx8 - | Rx7 Rx6 Rx5 Rx4
RR1b Rx3 Rx2 Rx1 Rx0 0 0 0 0
TCR X |TxRCLK|TxCCLK| TxCLK" X X X X
RCR CDL |RxRCLK|RxCCLK| RxCLK X X X X CDL =1 if Rx signal is
greater than the
programmed level.

X = Don't care.

Note 1 :DO to D7 refer to the data bus pins and gives the bit position in the read or written data.

8/35
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Table 3.
ARC Content
Control i
Register (address) (note 1) Register Content (note 2) Programmed
Name Function
D7 D6 | D5 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO
RCH o | o | o |HB3|HB2}HBI|HR2|HRI| X | x | x | BitBaudRateforTxand
Rx Clocks
Conversion Frequency.
RC2 0 0 1 X X X HS2 | HS1 [HTHR|FCLK| X Tx Synchronization
Selection
Rx Filter and 1800Hz
RC3 0 1 0 RF3 | RF2 | RF1 | REJ |RFG2|RFG1|LAT2|LAT1 Notch. LAO Attenuation
RC4 0 1 1 |ATT4|ATT3 [ATT2|ATT1| X |EM2 | EM1 X Tx Attenuation. EXI Input.
RC5 1 0 0 RG5 | RG4 | RG3 | RG2 | RG1 X X X AGC Amplifier Gain
Rcs | 1 | 0 | 1 [cDG2[cDGH|{CDH| X | X | X | x | x [ Carrier Level Detector
Gain and Hysteresis
RC7 1 | 1| o |sp5|spa|sP3|sp2|spt| x | x | X gm”u Coarse Phase
Rce | 1 | 1 | 1 |MPE|SPR|AVRE|VAL| X | X | X | x | IxDPLL Reset. RxDPLL
Fine Phase Shifts.

X = Don't care value.

Note 2 : DO to D7 refers to the data bus pins and gives the bit position in the loaded address or data.

Ei SGS-THOMSON
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POWER-ON INITIALIZATION

Internal power-on circuitry (Fig.4) automatically re-
sets the DPLL and the clock generators counters,
and initializes the RC1 to RC8 control registers. The
initial status of these registers are given in the PRO-
GRAMMABLE FUNCTIONS section. The transmit
attenuator is initialized to an infinite attenuation in
order to avoid the transmission of indesirable si-
gnals on the phone line.

Access to the control registers is desabled during
power-on reset until the clock oscillator starting. The

Figure 4 : Power-on Initialization Circuitry.

reset time duration can be increased by connecting
the CLKINI input to an external RC timer as indica-
ted in Fig.4. That feature will prevent, in particular
applications, possible problems due to incontrolled
signals coming from the DSP during power-on. In
normal operation the CLKINI input can be used to
reset the DPLL and clock generator counters and
the RC8 control register. When that pin as not used,
it must be tied to V*

5.76 MHz
XTAL1 XTAL2
R e N e
:
|
|
|
! MASTER
. CLOCK l>
V+ E
'
E P Tx & Rx DPLL
: & CLOCK GENERATORS
R | RESET General reset
|
CLKINI |
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: \V4
| D Q
i Set
!
|
|
! POWER - ON
i INTERNAL
:
! RESET PULSE
' GENERATOR
c ' INTERNAL
D. ED STROBE
!
s s R s R R R R
|
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:
|
' CONTROL REGISTERS
XS 7542 ..
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PROGRESSION OF SIGNAL SAMPLES

Fig.5 shows the progression in the TS7542 of the
digital and analog signal samples. It appears that
the transfers of the data representing the transmit
and the receive signals have to be synchronized on

Figure 5 : Digital and Analog Samples Progress.

the TxCCLK or the RxCCLK conversion clock, res-
pectively. This is the reason why the DSP needs to
receive these clock signals or to read their status
from the dedicated registers.
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Notes :  Txi = ith analog or digital sample of the Tx signal.
Rxi = ith analog or digital sample of the Rx signal.

™) Data can be written (read) six master clock periods after the T x CCLK (R x CCLK) negative—going transition respectively
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PROGRAMMABLE FUNCTIONS

Table 4 : Bit Clock Frequency Programming (Tx and Rx).

RC1 Register TXCLK or RXCLK o
- D7 D6 D5 D4 D3 D2 D1 DO Bit Clock Nominal Communication
Frequency (Hz) Standard
HB3 | HB2 | HB1 | HR2 | HR1 - - -
0 0 0 9600 V.29
0 0 1 4800 V.27
0 1 0 2400 V.22 bis, V.26
0 1 1 1200 V.22, BELL 212A
1 0 0 600 V.22 Fall-back
1 0 1 600 "
1 1 0 2400 V.22 bis, V.26
PO | 1 1 1 1200 V.22, BELL 212A
P/O : Power on status.
Table 5 : Baud Rate Clock Frequency Programming (Tx and Rx).
RC1 Register TxRCLK or RxBCLK
D7 D6 D5 D4 D3 D2 D1 DO Baud Rate Communication
Clock Nominal Standard (note 3)
HB3 | HB2 | HB1 | HR2 | HR1 | - - - Frequency(Hz)
0 0 2400 V.29, V.33
0 1 1600* V.27*
1 0 1200 V.26
P/O 1 1 600 V.22, V.22 Bis,
BELL 212A

Note 3 : The phase shift frequency of the transmit DPLL is 600 Hz, excepted for (*) 800 Hz.

Table 6 : Conversion Clock Frequency Programm'ing (Tx and Rx).

RC2 Register TXCCLK or RxCCLK
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO Conversion Communication
(sampling) Clock Standard
Nominal
- - — | HS2 | HS1 |HTHR|FCLK| - Frequency(Hz)
0 0 9600
0 1 8000 V.27
1 0 7200
P/O 1 1 7200
Table 7 : Tx Synchronization Signal Programming.
' RC2 Register
D7 D6 D5 D4 D3 D2 D1 DO Selected Synchronisation Signal
- - - HS2 | HS1 [HTHR|FCLK| -
0 0 RxCLK
1 0 TxSCLK (note 4)
P/O X 1 Transmit DPLL free-runs

Note 4 : The Tx DPLL free runs if there is no transistion on this pin in that case.

X = Don't care value.

12/35
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Table 8 : Tx Clock General Reset.

RC8 Register(note 5)
D7 D6 D5 D4 D3 D2 D1 DO
MPE | SPR | AVRE| VAL - - - -

ResettingTransition

1 0 0 0

Next Negative-going Transition
of Synchronizing Signal

Table 9 : Rx Clock Phase Shift Programming.

Note 5 : RC8 register is cleared after the programmed control operation is completed and on power-on.

RC8 Register (note 5)

D7 D6 D5 D4 D3 D2 D1 Actionon RxDPLL
MPE | SPR |AVRE| VAL - - -
0 1 0 0 Phase Lag of Programmed Amplitude
0 0 0 1 Phase Lag of Two 5.76 MHz Master Clock Periods
0 0 1 1 Phase Lead of Two 5.76 MHz Master Clock Periods
Note 5 : RC8 register is cleared after the programmed control operation is completed and on power-on.
Table 10 : Rx Clock Phase Shift Amplitude Programming.
RC7 Register
ifti Number of Master
D7 | D6 | D5 | D4 | D3 | D2 | D1 Phase Shiftin Degrees Clock Pulses
SP5 | SPa | sP3 | sP2 | sP1 | - - | 1200 Bauds* | 1600 Bauds Suppressed
0 0 0 0 0 1.5 2 20
0 0 0 0 1 3 4 40
0 0 0 1 0 45 6 60
0 0 0 1 1 6 8 80
0 0 1 0 0 75 10 100
0 0 1 0 1 9 12 120
0 0 1 1 0 10.5 14 140
0 0 1 1 1 12 16 160
0 1 0 0 0 135 18 180
0 1 0 0 1 15 20 200
0 1 0 1 0 16.5 22 220
0 1 0 1 1 18 24 240
0 1 1 0 0 19.5 26 260
0 1 1 0 1 21 28 280
0 1 1 1 0 225 30 300
0 1 1 1 1 24 32 320
1 0 0 0 0 225 30 300
1 0 0 0 1 45 60 600
1 0 0 1 0 67.5 90 900
1 0 0 1 1 90 120 1200
1 0 1 0 0 1125 150 1500
1 0 1 0 1 135 180 1800
1 0 1 1 0 157.5 210 2100
1 0 1 1 1 180 240 2400
1 1 0 0 0 202.5 270 2700
1 1 0 0 1 225 300 3000
1 1 0 1 0 2475 330 3300
1 1 0 1 1 270 360 3600
1 1 1 0 0 2925 3900
1 1 1 0 1 315 4200
1 1 1 1 0 337.5 4500
P/O 1 1 1 1 1 360 4800
(*) 2400 bauds : multiply by two. 600 bauds : divide by two.
LNy SGS-THOMSON 1335
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Table 11 : Tx Attenuator Programming.

RC4 Register
D7 D6 D5 D4 D3 D2 D1 DO Attenuation (dB)
ATT4 |ATT3 |ATT2|ATT1| - EM2 | EM1| -
0 0 0 0 0
0 0 0 2
0 0 1 0 4
0 0 1 1 6
0 1 0 0 8
0 1 0 1 10
0 1 1 0 12
0 1 1 1 14
1 0 0 0 16
1 0 0 1 18
1 0 1 0 20
1 0 1 1 22
P/O 1 1 X X Infinite

X = Don't care value.

Table 12 : EXI and AGC1 Inputs Programming.

RC4 Register
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO EXI Input Status AGC1 Input Status
ATT4|ATT3ATT2|ATT1| - |EM2(EM1| -

0 0 Disabled Tied to AGC Amplifier Input

0 1 Tied to Tx Filter Input "

1 0 Tied to Tx Attenuator Input "
P/O 1 1 Disabled Tied to A/DC Input
14535 Ly7 SGS-THOMSON
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Table 13 : Rx Filter Programming.

RC3 Register

Sampling (Fs) and Cut-off (Fc)
Frequencies (note 6)

Communication See
D7 D6 D5 D4 |Low Pass Section |High Pass Section Standard Figure N°
RF3 | RF2 | RF1 | RF0 | Fs(kHz) | Fc(Hz) |Fs(kHz) | Fc(Hz)
P/O 0 0 0 X 288 3200 144 1820 |V.22, V.22 bis, BELL 7
212A
and BELL 103 High
Channels
0 0 1 X 192 2133 115.2 1456 V.21 High Channel 8
0 1 0 X 288 3200 82.3 1040 V.27 ter 2400 bps 9
0 1 1 X 288 3200 72 910 V.27 ter 4800 bps, 10
V.23, V.26
and BELL 202
1 0 0 0 144 1600 64 809 |V.22, V.22 bis, ,BELL 11
212A
and BELL 103 Low
Channels
1 0 0 1 144 1600 64 809 V.22, V.22 bis Low 12
Channels
with 1800 Hz Tone
Rejection (*)
1 0 1 X 115.2 1280 64 809 V.21 Low Channel 13
1 1 0 X 288 3200 36 455 V.29, V.33 14
1 1 1 X 288 3200 18 228 Full Channel 15
Bandwidth
1 1 1 X 48 533 274 347 75 bps Back 16
Channel

(*) In this mode the 1800 Hz notch filter section is enabled.

X = Don't care values. The notch section is disabled in all these cases.
Note 6 : The sampling clocks used by the Rx switched capacitor filters are straightly derived from the crystal oscillator.
The Tx switched capacitor filter is driven from the Tx DPLL.

Table 14.
RC3 Register
D7 D6 D5 D4 D3 D2 D1 DO Rx Filter Gain (dB)
RF3 | RF2 | FR1 | RF0 |[RFG2|RFG1|LAT2|LAT1
P/O 0 0 0
0 1 3
1 0 6
1 1 9
Table 15 : Line Output Attenuator Programming.
RC3 Register
D7 D6 D5 D4 D3 D2 D1 Do LAO Output Attenuation (dB)
RF3 | RF2 | RF1 | RFO |RFG2|RFG1|LAT2|LAT1
P/O 0 0 Infinite
0 1 0
1 0 6
1 1 12
Ly7 SGS-THOMSON 15735
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Table 16 : Carrier Level Detector Programming.

RC6 Register

Carrier Level Detector

D7 D6 | D5 D4 D3 D2 D1 DO Threshold(dBm) (note 7)
CDG2 |(CDG1| CDH - - - - =
P/O 0 0 0 —-29.85
0 0 1 -27.35
0 1 0 — 36.65
0 1 9 - 34.15
1 0 0 —46.75
1 0 1 — 4425
1 1 0 —46.75
1 1 1 — 4425

Note 7 : These values applies when the total Rx gain from the phone line to the Rx filter output is 0 dB.
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Table 17 : AGC Amplifier Gain Programming.

RC5 Register
D7 D6 D5 Da D3 AGC AmplifierGain (dB)
RG5 RG4 RG3 RG2 RG1 AGC1 Input AGC2 Input
P/O 0 0 0 0 0 0 — o
0 0 0 0 1 1.5
— oo 0 0 0 1 0 3
— o0 0 0 0 1 1 45
— o 0 0 1 0 0 6
— oo 0 0 1 0 1 75
— o 0 0 1 1 0 9
— oo 0 0 1 1 1 10.5
— oo 0 1 0 0 0 12
— o 0 1 0 0 1 13.5
— oo 0 1 0 1 0 15
— o0 0 1 0 1 1 16.5
— o 0 1 1 0 0 18
— o0 0 1 1 0 1 19.5
— o0 0 1 1 1 0 21
— oo 0 1 1 1 1 225
- 1 0 0 0 0 24
—-145 1 0 0 0 1 255
-7.7 1 0 0 1 0 27
-34 1 0 0 1 1 285
0 1 0 1 0 0 30 .
2.7 1 0 1 0 1 31.5
5.2 1 0 1 1 0 33
7.4 1 0 1 1 1 34.5
9.5 1 1 0 0 0 36
11.4 1 1 0 0 1 37.5
13.3 1 1 0 1 0 39
15.1 1 1 0 1 1 40.5
16.8 1 1 1 0 0 42
18.5 1 1 1 0 1 435
20.2 1 1 1 1 0 45
21.8 1 1 1 1 1 46.5
[Tl o =
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ELECTRICAL SPECIFICATIONS

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are
givenforV*=+5V,V =-5V and tamp = 25 °C.

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
DGND Digital Ground to AGND Analog Ground - 03to+03 \
V* Supply Voltage to DGND or AGND Ground -03to+7 Vv
V™~ Supply Voltage to DGND or AGND Ground —-7t0+03 \
Vi Voltage at any Digital Input or Output DGND - 0.3 to V* + 0.3 '
Iy Digital Output Current —20to + 20 mA
Vin Voltage at any Input or Output V- -03to V' +03 \
lout Analog Output Current —10to + 10 mA
Piot Power Dissipation 500 mW
tamb Operating Temperature Range Oto + 70 °C
tstot Storage Temperature Range — 65 to + 150 °C
tsold Pin Temperature (soldering 10 s.) + 260 °C
POWER SUPPLIES
DGND = AGND =0 V
Symbol Parameter Min. Typ. Max. Unit
A Positive Power Supply 4.75 5.25 \'
\'a Negative Power Supply -5.25 - 475 \%
I* Positive Supply Current (receive signal level 0 dBm) 35 mA
I~ Negative Supply Current (receive signal level 0 dBm) - 35 mA
DIGITAL INTERFACE
Control Inputs, Data Bus and Clock Outputs. Voltages referenced to DGND = 0 V
Symbol Parameter Min. Typ. Max. Unit
Vi Low Level Input Voltage 0.8 \
Vin High Level Input Voltage 22 \%
[ Low Level Input Current DGND <V, <08V -10 10 HA
4 High Level Input Current 22V<V,<V* -10 10 pA
VoL Low Level Output Voltage (loL = 2.5 mA) ' 0.4 Vv
Vou High Level Output Voltage (lon =— 2.5 mA) 24 \
High Impedance Output Current
loz (when E is high and DGND < Vg < V*) - 50 50 pA
Crystal Oscillator Interface (XTAL1 input)
Vi Low Level Input Voltage 15 \Y
Vin High Level Input Voltage 35 \Y%
e Low Level Input current DGND < V) VL max -15 HA
iy High Level Input Current ViHmin €V, < V* 15 LA
/.
- K7 R THONGON
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ELECTRICAL SPECIFICATIONS (continued)
ANALOG INTERFACE All voltages referenced to AGND =0V

1 Symbol Parameter Min. Typ. Max. Unit
Vin Input Voltage EXI, DxI, RAI -25 25 Vv
i lin Input Current EXI, Dx|, RAI (-25V < Vi, <25 V) -1 1 HA
i Rin Input Resistance AGC1, AGC2 1.5 kQ
i Rin Input Resistance CD1 0.7 kQ
‘ Vout | Output Voltage ATO, LAO, RFO RL=1kQ,CL=50pF | —25 25 \Y
‘ Rout | Output Resistance ATO 4
* LAO 50 Q
| RFO 15
! R. | Load Resistance ATO, RFO 1 kQ
| CL Load Capacitance ATO, RFO 50 pF
R Load Resistance LAO 10 kQ
! CL Load Capacitance LAO 20 pF

i TIMING SPECIFICATIONS
TIMING SPECIFICATIONS Clock Timing Characteristics (XTAL1 input)

I
1 Symbol Parameter Min. Typ. Max. Unit

PC Master Clock Period 173.6 ns
twelL Master Clock Width Low Level 50 ns
twcn | Master Clock Width High Level 50 _ns
tre Master Clock Rise Time 50 ns
trc Master Clock Fall Time 50 ns
toc Clock Output Delay Time CL =50 pF 500 ns
tre Clock Output Transition Time CL =50 pF 100 ns

PC
tweH tweL |

MASTER CLOCK + 35V E

INPUT

XTAL 1

15V 7 ‘\
N toc
tre tFc
CLOCK OUTPUTS 22v
(6 CLOCKS)
0.8V
| M88TS7542-08
1 [§y SGS-THOMSON 19735
Y/ siicroEECTRONICS
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ELECTRICAL SPECIFICATIONS (continued)

BUS TIMING CHARACTERISTICS (see foot notes 1 and 2 on timing diagrams)

Symbol Parameter Min. Typ. Max. Unit
tcyc | Cycle Time (1) 320 ns
twee | Pulse Width E Low Level (2) | 180 ns
twen | Pulse Width E High Level (3) 100 ns
tr, tg | Clock Rise and Fall Time (4) 20 ns
tuce | Control Signal Hold Time (5) 10 ns
tsce | Control Signal Set-up Time (6) 40 ns
tsoi Input Data Set-up Time (7) 120 ns
tHpi Input Data Hold Time (8) 10 ns
tspo | Output Data Set-up Time (1 TTL load and CL =50 pF) (9) 150 ns
taz Output High Impedance Delay Time (10) 80 ns

(1 TTL load and CL =50 pF)
WRITE OPERATION
\' { X
: \ /
. 7 \-
€S0-CS1
RSO—RS1 ><
R/W L
O .
DO-D7
M88TS68950-06

Note 1 : Voltage levels shown are VIL < 0.4 V, VIH > 2.4 V, unless otherwise specified.
Note 2 : Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified.

20/35

‘7_’ SGS-THOMSON
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READ OPERATION

mi

CS0-Cs1
KSU-KRS1
RW
\

DO-D7 /

@

\

M88TS68951-05-

Note 1 : Voltage levels shown are VIL < 0.4 V, VIH > 2.4 V, unless otherwise specified.
Note 2 : Measurement points shown are 0.8 V and 2.2 V, unless otherwise specified.

TRANSMISSION CHARACTERISTICS

PERFORMANCES OF THE WHOLE TRANSMISSION CHAIN (input TR1, Output ATO)

Symbol Parameter Min. Typ. Max. Unit
Gabs ATO Absolute Gain at 1 kHz -05 0 0.5 dB
N ATO Psophometric Noise 100 uv
ATO Positive Power Supply Rejection Ratio
PSRR* | v, = 200 mVo, 40 daB
f=1kHz
| ATO Negative Power Supply Rejection Ratio
PSRR Vae =200 mVp, 40 dB
f=1kHz
THD Total Harmonic Distortion — 54 dB
DAC TRANSFER CHARACTERISTICS
Symbol Parameter Min. Typ. Max. Unit
Converter Resolution 12 Bit
Vout(max)| Nominal Output Peak to Peak Amplitude 5.0 \
LSB Least Significant Bit Amplitude 1.2 mV
Ej Integral Linearity Error Relative to Best Fit Line +4 +8 LSB
Eqi Differential Linearity Error + 0.7 LSB
LNy SGS-THOMSON 21135
Y/ vicroELECTRONICS
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TRANSMISSION CHARACTERISTICS

TRANSMIT FILTER TRANSFER CHARACTERISTICS (input EXI, output ATO)
(see figure 6)

Symbol Parameter Min. Typ. Max. Unit
Gabs Absolute Gain at 1 kHz - 03 0 0.3 dB
Grel Gain Relative to Gaps Without Sin x/x Correction of DAC

Sampling
Below 3100 Hz - 04 0.3 dB
3200 Hz -3 dB
4000 Hz - 36 dB
5000 Hz to 12000 Hz - 46 dB
12000 Hz and Above - 50 dB
Tgp Group Propagation Delay Time (f = 1800 Hz) 250 us
Tgpa Group Propagation Delay Time Distortion 430
(600 Hz < f < 3000 Hz)
Tx ATTENUATOR TRANSFER CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit

ATaps Absolute Attenuation at 0 dB Nominal Value -03 0 0.3 dB
ATei Attenuation Relative to Nominal Value - 05 0.5 dB

AT max Maximum Attenuation 50 dB

RECEPTION CHARACTERISTICS
PERFORMANCE OF THE WHOLE RECEPTION CHAIN (input RAI or DxI, output RR1)
Symbol Parameter Min. Typ. Max. Unit
Absolute Gain
Gaps (AGC gain =0 dB, RXCCLK = 9600 Hz, Vi, = 775 mVrms, - 05 0 1.5 dB
f = 2000 Hz)
Total Harmonic Distortion
HDt (AGC gain =0 dB, RxCCLK =9600 Hz, Vi, =775 mVrms, - 54 dB
f =2000 Hz, programmed band = 475 Hz — 3200 Hz)
Equivalent RMS Noise (see note)
N (AGC gain =0 dB, RAI, DxI tied to AGND, frequency 800 | uVrms

band = 228 Hz — 3200 Hz)

Note : Noise depends on AGC gain value.

22/35
LNy SGS-THOMSON
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RECEPTION CHARACTERISTICS (continued)

. RECEIVE BAND-PASS FILTER AND REJECTION FILTER (input RAI or Dxl, output RFO)

The characteristics and specifications (templates) of the ten programmable transfer functions are given on
figures 7 to 16.

RECEIVE FILTER INPUT GAIN CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit
Grel Relative Gain to Programmed Gain - 05 0.5 dB

‘i LINE MONITORING ATTENUATOR CHARACTERISTICS

Symbol Parameter Min. Typ. Max. Unit
AT aps Absolute Attenuation at 0 dB Nominal Value -03 0 0.3 dB
AT el Attenuation Relative to Nominal Value (2 dB < AT < 22 dB) -05 0.5 dB
AT max Maximum Attenuation (AT = ) 50 dB

AGC AMPLIFIER AND A/D CONVERTER (input AGC1, output RR1)

Symbol Parameter Min. Typ. Max. Unit
Grel Relative Gain to Programmed Gain
0 dB < AGC < 24 dB -05 05 dB
25.5 < AGC < 46.5 dB -1 1 dB
Vos Offset Voltage -70 70 LSB

CARRIER LEVEL DETECTOR (input AGC1, output CDR)

Symbol Parameter Min. Typ. Max. Unit
Trel Relative Threshold to Programmed Value T
—36.65 < T <—27.35dBm 0.5 0.5 dB
—46.75 < T < — 36.65 dBm 1 1 dB
Hyst Hysteresis 2 3 dB
| Vos Input Offset Voltage
i 1st Threshold Pair (see table 16 and fig. 2) -1 1 mV
2nd Threshold Pair -2 2 mV
3rd Threshold Pair -3 3 mV
Tad Detection Delay Time
0 mVrms to 775 mVrms Transition or 775 mVrms to 0 mVrms 1 3 ms
Transition

PERFORMANCE OF THE A/D CONVERTER (input AGC1, output RR1)

|| Symbol Parameter Min. Typ. Max. Unit
Vin(max) | Input Voltage (peak to peak) 5 Vv
i Resh A/D Converter Resolution 12 Bit
; LSB Analog Increment 1.2 mvV
Eil Integral Linearity Error Relative to Best Fit Line +4 +8 LSB
Eq) Differential Linearity Error +0.7 LSB
Vos Offset Voltage - 100 100 LSB
Oy 35NN ==
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Figure 6 : Tx Filter Frequency Response.
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Figure 7 : Rx Filter Frequency Response for V.22, V.22bis, BELL212A and BELL103 High Channels

| (see table 13).
-1 REF LEVEL /D1IV MARKER 2 400. OO0Hz
0. 000dB 10.000dB  MAG(CA/R) 0.117d8B
A 7
A
| // /V /z
| N
1 %
‘ // [ f7/ e
1 1 \
// [ ‘// N CJ
1 | % \
R ,
U /’ \
. L
W A AL
] )/ // \[ \
. // j/
1 //(
START 0. DOOHz STOP 10 000. OOOHz
AMPTD 188. 53mV
REF LEVEL /DIV MARKER 2 400. 000Hz
0. 128dB 1. 000dB MAG CA/R) 0. 138dB

1. 1350mSEC 100. OOuSEC MARKER 2 400. 000Hz
DELAY(A/R) B87S5S. 20uSEC

VPO
il e e i \\\
N ¥ &7\
Bi% g2ZA
[il|27 g
JHNIZAN 272\
122 A 1\
/72N \
| O | s A

START 1 500. O0O0OHz STOP 3 500. O00H=z
AMPTD 100. OOmV

M88TS7542-10

i - 25/35
K7 3RTTHONGON

| 205




TS7542

Figure 8 : Rx Filter Frequency Response for V.21 High Channel (see table 13).
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Figure 9 : Rx Filter Frequency Response for V.27ter 2400bps (see table 13).
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Figure 10 : Rx Filter Frequency Response for V.27ter 4800bps, V.23, V.26 and BELL202 (see table 13).
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Figure 11 : Rx Filter Frequency Response for V.22, V.22bis, BELL212A and BELL103 Low Channel (see

table 13).
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Figure 12 : Rx Filter Frequency Response for V.22 and V.22bis Low Channels with 1800Hz Tone Rejec-
tion (see table 13).
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Figure 12 (continued) :Rx Filter Frequency Response for V.22 and V.22bis Low Channels with 1800Hz
Tone Rejection (see table 13).
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Figure 13 : Rx Filter Frequency Response for V.21 Low Channel (see table 13).
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Figure 14 : Rx Filter Frequency Response for V.29 and V.33 (see table 13).
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Figure 15 : Rx Filter Frequency Response with Full Channel Bandwidth (see table 13).
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Figure 16 : Rx Filter Frequency Response for 75bps Back Channel (see table 13).
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TS75C25

V.22 BIS, V.22, BELL 212, V.21

V.23, BELL 103 MODEM CHIP SET

» CCITT V.22 BIS COMPATIBLE MODEM CHIP
SET

» CCITTV.21,V.22 AND V.23 COMPATIBLE MO-
DEM CHIP SET

= BELL 103 AND 212 COMPATIBLE MODEM
CHIP SET

= DIGITAL SIGNAL PROCESSING (TS75C250)
AND ANALOG FRONT-END (TS7542) IMPLE-
MENTATION

= QAM, DPSK AND FSK MODULATION AND DE-
MODULATION

» DATA TRANSMISSION SPEED :

- 2400BPS IN QAM

1200 OR 600BPS IN DPSK

1200 OR 300 OR 75BPS IN FSK

ADAPTIVE EQUALIZATION

TRANSMIT AND RECEIVE FILTERING

SHARP ADJACENT CHANNEL REJECTION

PROGRAMMABLE TRANSMIT OUTPUT LE-

VELS

ON-CHIP 4/2-WIRE HYBRID CAPABILITY

= ANSWER TONE DETECTION AND GENERA-
TION FOR CCITT (2100Hz), BELL (2225Hz),
AND TRANSPAC (1650Hz) RECOMMENDA-
TIONS

= 550Hz AND 1800Hz GUARD TONE GENERA-
TION

» DTMF TONE GENERATION

= CALL PROGRESS TONE DETECTION

» SELECTABLE SCRAMBLER AND DESCRAM-
BLER

= DYNAMIC RECEIVE RANGE 0 TO - 48dBm

= TYPICAL 10" B.E.R. ACHIEVED WITH A 13dB
S/N RATIO (V.22 BIS)

= + 10Hz FREQUENCY OFFSET CAPABILITY

= SUPPLY VOLTAGE : + 5V

= POWER CONSUMPTION 0.7W

= CMOS TECHNOLOGY

s SOFTWARE LICENSE AND DEVELOPMENT
TOOLS AVAILABLE FOR EASY CUSTOMIZA-
TION

DESCRIPTION

The SGS THOMSON Microelectronics multi-stand-
ard V.22 bis chip set is a high performance modem
engine, which can operate up to 2400bps in full du-
plex over public switched telephone network or lea-
sedlines. The TS75C25 also allows implementation

February 1989

ADVANCE DATA

of modems complying with CCITT V.21, V.22, V.23,
and BELL 103, 212 recommendations. The modem
hardware consists of a DSP chip and an analog front
end (TS7542). The modem signal processing func-
tions are implemented on a ST18930 CMOS pro-
grammable digital signal processor, namely
TS75C250. In the DSP, internal program memory
is available allowing easy customization.

P FN

DIP48 PLCC52 .
(Plastic Package) (Plastic Lead Chip
TS75C250 TS75C250 Carrier)

DIP40 PLCC44
(Plastic Package) (Plastic Package)
TS7542 TS7542

(Ordering Information at the end of the datasheet)
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1. PIN DESCRIPTION
1.1. SYSTEM INTERFACE

TS75C250 (DSP)
Name Type Description
ADO.AD7 10 System Data Bus : these lines are used for transfer between the TS75C25 mailbox and
the control processor.
cs I Chip Select : this input is asserted when the TS75C25 is to be accessed by the control
processor.
RS I Register Select : this signal is used to control the data transfers between the control
processor and the TS75C25 mailbox.
3SDsS | System Data Strobe : synchronizes the transfer between the TS75C25 mailbox and the
control processor.
SRW | System Read/Write : Control Signal for the TS75C25 Mailbox Operation
IRQ (6} Interrupt Request : signal sent to the control processsor to access the TS75C25
mailbox.
RESET | Reset of the TS75C25. Must be maintened for a minimum of five clocks cycles.

1.2. ANALOG INTERFACE

TS7542 (analog transmit and Receive parts)

Name Type Description
ATO o Analog Transmit Output
LAO (0} Line Monitoring Output for Loud Speaker
RAI | Receive Analog Input
DXI | Duplexer Input. This signal is subtracted from signal RAI.

1.3. CLOCK INTERFACE

TS7542 (clock part)

Name Type Description
TxCLK o Transmit Bit Clock
TxRCLK o Additional Transmit Clock
TxCCLK o Transmit Conversion Clock
RxCLK 0 Receive Bit Clock
RxRCLK (e} Additional Receive Clock
RxRCCLK o Receive Conversion Clock
TxSCLK I Transmit Synchro Clock : can be used to synchronize the transmitter on an external bit

clock provided by the RS232C (or V 24) junction.

Ly7 SGS-THOMSON 5/37
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2. FUNCTIONAL DESCRIPTION
2.1. SYSTEM ARCHITECTURE

The SGS-THOMSON V.22 bis chip set is a highly
integrated modem engine which provides the func-
tionality and performance requirements for full-du-
plex 2400bps modem solutions at a low cost with
excellent performance due to digital signal proces-
sing technology. On top of the V.22 bis, the
TS75C25 chip set also implements the CCITT V.21,
V.22, V.23 and BELL 1083, 212 requirements.

The TS75C250is a programmable digital signal pro-
cessor which implements the complete signal pro-
cessing functions required to send and receive data
according to the standard requirement and utilities
such as call progress tone detection, auto-answer
tone detection and tone generation.

The TS7542 (modem analog front end) is designed
to meet the requirements of the whole range of voi-
ceband modems.

Figure 1 : TS75C25 Block Diagram.

The TS7542 incorporates all the required program-
mable gain control and clock circuitry, and signal fil-
tering (band-limiting, anti-aliasing and smoothing
filters).

Interfacing the TS75C25 chip set to a control pro-
cessor is very straightforward and requires no ex-
ternal interface circuitry.

The TS75C25 chip set along with a data access ar-
rangement (DAA), a control processor and a
V.24/RS232 interface and/or an UART, is particu-
larly well-suited for high-performance modem.

The modem supervision is insured by a control pro-
cessor which implements the handshake monito-
ring, the auto/manual answer and dialing modes,
the test modes and fall back capability and the
async/sync and sync/async conversion.

SYSTEM
BUS

CLKOUT

TS75C250

ADO-AD7

DXI
I RAI
TS7542
] ATO

LAO

Terminal clock (TxSCLK)

Tx and Rx clocks <

M88TS75C25-01
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2.2. PROCESSOR AND MAFE CHIPS

ARRANGEMENT

The TS75C25 is connected to the analog front end
chip through its local bus where D8 through D15 are
the 8-bit data bus and A8 through A11 are four ad-
dress lines used to address directly the analog front

Data-Strobe (DS) is used 1o synchronize the trans-

fer of data. Read/write (R/W)

time task scheduling.

indicates the direction

of data. Two Branch-on-External-Condition signals
(BES5 to BES) are connected to the different clock si-
gnals issued from the TS7542 clock generator part.
They are used by the TS75C250 to performits real-

end chip.
Figure 2 : Interconnections between the Analog Front End Chip and the Digital Signal Processor TS75C250.
23 04MHz CLKOUT/2
10pF% ,—-( 10pF
Vss XTAL  XTAL XTAL1
Vce V+ LAO
TS75C250 - v RAL AN
§7 Digital ground Toi-a
DAA|
= —~—————— clockout < AGND t-5--
3 AD7 D15 D7 ATO
173
[0
8 j ,l: ADO D8 0
Q. —_ JE—
= RS s E TS7542
§ cS RW RW DXI
SDS A10 €S0
SR/W A1 cs1 EXI
Reset A9 RSO _Y\7
-—RQ A8 RS1 RFO 1
BES RxCCLK __,_
BE6 TxCCLK AGC1
TxCLK :
RXCLK cot H
TxADD
R¥ADD  AGC2 |
TxSCLK  CLKINI
Y
M88TS75C25-02
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2.3. OPERATION

2.3.1. ANALOG FRONT END DESCRIPTION. The
TS7542 is a modem analog front end which per-
forms the following functions controlled by the
TS75C250 digital signal processor according to the
selected modem standard.

Transmit Analog Part :

¢ 12-bit D/A converter synchronized with the sam-
pling transmit clock

* Low-pass and smoothing continuous-time filters

* 0 to 22dB (or infinite) programmable attenuation

Receive analog Part :
* 12-bit A/D converter synchronized with the sam-
pling receive clock.

Figure 3 : TS7542 Block Diagram.

* Band-pass programmable filter
¢ Back channel rejection filter
¢ Smoothing filter

* 0to 46.5dB gain amplifier

Clock Generation Part :

¢ Transmit time base with programmable synchro-
nization on data terminal equipment clock or ex-
tracted receive clock.

* Programmable receive time base DPLL

* Programmable plesiochronous transmit and re-
ceive clocks (sampling, bit and additional clocks).

Loudspeaker Part :
* Loudspeaker with programmable level line out-
put

CLK OUT/2 CLK

Terminal clock TxSCLK
pe
DAC SH fitter

Tx-DPLL

Rx-DPLL
TXCCLK clock

generation
Rx signal ’_1—

Abc AGC

L

attenuator

TS750250 | mucow and TS7542

band pass
and rejection

Analog Transmit Output

% ) .
line

.\\+ anti aliasing Receive Anolog Input

filter. RAI

Ll

TxCLK RxCLK
TxRCLK RxRCLK

E LINE

M88TS75C25-03

> LAO

Line attenuator output
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2.3.2. OPERATING MODES. The modem imple-
mentation is fully compatible with different CCITT
and BELL recommendations as listed in table 1. It
may operate at different bit rates, from 75bps to
2400bps.

In case of switching from any mode to another, a re-
set must be applied to the TS75C250 reset pin, ex-
cept during the V.22 bis handshaking (the V.22 bis
and V.22/BELL 212 software modules implemented
in the TS75C250 are compatible).

A DTMF tone generator is provided to output one of
Table 1 : TS75C25 Operating Modes.

16 standard dual tones coded by a combination of
two frequencies. For specific applications where sin-
gle tone is required, the DTMF generator provides
the possibility to select either the high frequency or
the low frequency of the standard dual tones.

A tone detector and a carrier detector respectively
recognize the different answer tones (CCITT
2100Hz, BELL 2225Hz and Transpac 1650Hz) and
call progress tones (300Hz to 700Hz), as well as the
presence or the absence of the on-line carrier signal
(both for PSTN and leased lines).

Recommendation Bauds BPS Duplex Answer Orig Modulation
V. 22 BIS 600 2400 Full Yes Yes QAM (quadribit)
V. 22 600 - 1200 Full Yes Yes DPSK (dibit)
BELL 212 600 1200 Full Yes Yes DPSK (dibit)

V. 22 600 600 Full Yes Yes DPSK (bit)

V. 21 300 300 Full Yes Yes FSK

BELL 103 300 300 Full Yes Yes FSK

V.23 1200/75 75/1200 Full Yes Yes FSK

2.3.3. TRANSMIT (fig. 4) : V.22 bis, V.22 and BELL
212. QAM or DPSK modulation is used to send four
(V.22 bis) or two (V.22 and BELL 212) or one (V.22)
bit(s) of information at 600 bauds modulation rate.

The scrambler can be bypassed, as user’s option
usually during the handshake procedure. After co-
ding, a raised cosine filter (roll-off factor 0.75) per-
forms pulse shaping and provides a 45dB rejection
between the channels so as to comply with V.22 bis,
V.22 and BELL 212 standard requirements. When
required, a 1800Hz or 550Hz guard tone can be ad-
ded to the transmitted signal.

- V.23, V.21 and BELL 103

&7

SGS-THOMSON
MICROELECTRONICS

The FSK modulation is used to send one bit of in-
formation at 1200 or 75 baud (V.23) or 300 bauds
(V.21 and Bell 103).

- DTMF

The DTMF generator outputs one of 16 standard
dual tones synthetized by the TS75C250 and selec-
ted by a 4-bit binary value as described later. Each
tone is coded by a combination of two frequencies.
The DTMF generator may be programmed to gene-
rate one tone at a time.

The transmit attenuation level is programmable over
a 23dB dynamic range by 1dB steps.

9137

225



TS75C25

Figure 4 : TS75C25 Transmit Block Diagram.
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2.3.4. RECEIVE (fig. 5) :
V.22 bis, V.22 and BELL 212.

QAM or DPSK demodulation is used to receive four
(V.22 bis) or two (V.22 and BELL 212) or one (V.22)
bit(s) of information at 600 bauds.

V.23, V.21 and BELL 103

The FSK demodulation is used to receive one bit of
information at 1200 or 75 bauds (V.23) or 300 bauds
(V.21 and BELL 103).

Tone Detection

The TS75C25 recognizes the following tones :

- 2100Hz and 2225Hz answer tone detection

- 1650Hz V.21 Transpac answer tone detection
- 300 to 700Hz call progress tone detection

Adaptive equalization, DPLL and AGC compensate
for line impaiments, frequency offset, group delay
and amplitude distorsions.

Efficient rythm recovery algorithms provides accu-
rate sampling on the receive signal with a variation
upto £2.10™.

Decoded data are provided in scrambled or des-
crambled format.

10/37
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2.4.TS75C25 INTERFACE (fig. 6)

2.4.1. TS75C25 ANALOG INTERFACE. The trans-
mit signal at the line interface (output ATO) is pro-
grammable over a 23dB dynamic range by 1dB
steps through the TS75C250 mailbox.

The receive signal at the line interface (input RAI)
can have a dynamic range from 0 to - 48dBm.

With a simple circuit using a minimum of external
components, the TS75C25 can transmit with a level
of - 12dBm on line and provide the adequate rejec-
tion of the transmit signal on the receive channel.

2.4.2. TS75C25 DIGITAL INTERFACE. The inter-
face between the TS75C25 chip set and the control
processor is managed by the TS75C250 via its sys-
tem bus and internal mailbox. The mailbox allows
the control processor to read/write three consecu-
tive data-bytes through ADO-AD7 bus. The mailbox
exchanges follows the protocol described in fig.
2.4.3.

The TS75C250 digital interface signals, and their
definition are listed in table 2.
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Figure 5 : TS75C25 : Receive Block Diagram.
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| bypass descrambler ar?dgeguglli‘zaati{m generaetion ] am?)ﬁﬂ;de ":—: = LEI
; loss discrimination equalizer | ! | .
: »UIIIlllﬂIIU - FSK FSK : : :
| interface discriminator demodulator"_ h .“*FW
i tone E : :,
i detector ' : :
1 T carrier ' . |
LISTC250 ...~ SossworiRE SN SN ;
QAM  :V.22 Bis
DPSK :V.22Bell 212
FSK  :V.23, V.21, Bell 103. M88TS75C25-05
Table 2 : Digital Interface Signals.
Im.erface Input/output Signal Definition
Signals 1/0
ADO /0 Data-Bus (LSB)
AD1 110 Data-Bus
AD2 /0 Data-Bus
AD3 110 Data-Bus
AD4 110 Data-Bus
AD5 110 Data-Bus
AD6 110 Data-Bus
AD7 110 Data-Bus (MSB)
SR/W | Read/write Signal
SbS | Data Strobe
IRQ O Mailbox Handshake
cs | TS75C250 Chip Select
RS | Register Select
Reset | TS75C250 Reset
TxCLK o Additional Transmit Clock
RxCLK o Additional Receive Clock
TxSCLK [ Transmit Terminal Clock
* These additional clocks may be used for specific applications.
LS7 SGS-THOMSON 1137
Y/ NICROELECTRONICS

227



TS75C25

Figure 6 : Functional Interconnect Diagram.
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2.4.3. MAILBOX DESCRIPTION. The TS75C250
requires the attention of the control processor at re-
gular intervals in order to perform properly. The
control processor mustinteract with the modem chip
setin a timely manner to avoid improper operation.

Toinitialize communication exchanges between the
TS75C25 and the control processor, the TS75C25
RESET pin must be maintained in its active (low)
state during at least 870ns (5 clock cycles) by the
microprocessor. At the end of reset, the TS75C250
gives the mailbox control to the processor.

It is also recommended to maintain the RESET in
its active state until the exchanges can start.

Following a reset the status word read from the mail-
box is not significant, and the content of the com-
mand word is ignored. So, the first mailbox
exchange is a dummy exchange.

The mailbox located internally to the TS75C250
DSP contains 3-bytes input and 3-bytes output shift
registers. The TS75C250 has an internal flag which
indicates whether the TS75C250 or the control pro-
cessor has access to the mailbox. The TS75C250
can relinquish its accessability to the mailbox by set-
ting this internal flag, but it can no longer regain ac-
cess to the mailbox as the flag is reset only after the
control processor relinquishes its accessability to
the mailbox.

The access protocol and system bus transfers are
controlled by an internal 1/0O sequencer within the
TS75C250 which operates as follows :

12/37
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1/ The mailbox is made available to'the control pro-
cessor by the TS75C250 which drives the IRQ
mailbox handshake signal to the active (low)
state.

2/ The control processor detects IRQ active and
dummy reads the mailbox by forcing the
TS75C250 chip select (CS) and register select
(RS) low along with the write signal (SR/W) high.
The activated data strobe signal (SDS = 0) vali-
dates the above signals.

3/ The TS75C250 detects the dummy read of its
mailbox via the control signals mentioned in step
2 and negates IRQ mailbox handshake signal af-
ter 1uS (at least 5 clock cycles).

4/ The control processor detects the negation of
IRQ indicating that the TS75C250 mailbox is
available for data transfers. The control proces-
sor reads three bytes (one status word) and then
writes three bytes (one command word) in the
mailbox. If the status word is a transmit status
word is a transmit status word, then a transmit
command word must be written into the mailbox.
Else, a receive command word must be written
into the mailbox.

5/ The control processor ends the exchange proto-
col performing a dummy read of the mailbox as
in step 2 but with RS in the high state.

The TS75C250 then owns the mailbox and can
make it available again to the control processor as
instep 1.

MICROELECTRONICS
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3. USER INTERFACE

3.1. COMMAND AND STATUS WORDS

The TS75C25 chip set functionalities and status re-
porting are” managed by the control processor
through the TS75C250 mailbox, according to the
protocol outlined earlier.

The command words are issued by the control pro-
cessor and received by the TS75C250.

The status words are issued by the TS75C250 and
delivered to the control processor.

The status words provide the status reporting.

Each command and status word of both the trans-
mit and receive part comprises three bytes as des-
cribed in the following sections.

The control processor must be able to handle :

* one mailbox transfer per transmit baud period
and,

¢ one mailbox transfer per receive baud period

* these transfers are plesiochronous. (Tx and Rx
clocks have the same nominal frequency but can
shift of +1.10%, so the phase relation between
Tx and Rx is time varying).

Table 3 : Transmit Command Word Format.

3.2. TRANSMIT AND RECEIVE COMMAND
WORDS

Both the transmit and receive command words are
built on the same programming model, but have to
be programmed completely independently.

3.2.1. TRANSMIT COMMAND WORD. The table 3
shows the transmit command word (three bytes)
programmation and transmit functionalities.

The first byte of the transmit command word permits
the choice of the DTMF mode or the selection of the
requested CCITT (with or without guard tone) or
BELL standards.

The second byte contains the transmit parameters
information register.

The third byte is the transmit data register of DTMF
tone selection register. In this byte is also included
the transmit enable bit which instructs the TS75C25
to transmit (or not) data to the line.

To manage the TS75C25 in an efficient way, itis re-
commended to work with a table stored inthe control
processor memory space. This table will reflect the

BIT First Byte Second Byte Third Byte
o | Transmit Mode Selection Transmit (0)
] 0000 : Modem Disabled D
1 | 0001 : V.22 Bis ) Do p
] 0010 : V.22 0011 : B212 Transmit s D
2 | 0100 : V.23 0101 : V.21 Attenuation D1 | ¢ | @ T
| 0110 : Bell 103 A M
3 | 0111 : D.TMF. D2 | o | M F F
o - S
Transmit Signalling
4
00 : Signalling Disabled D3 0 K
01 : 550Hz e
5144 - 1800Hz Scrambler (ON/OFF) D4 0 0 0
6 Reserved 64 x 1 (ON/OFF) ps | O 0 0
7 ANSW/ORIG or DTMF' V22 Binary Rate Select Transmit Enable
or DTMF
Notes : All the "RESERVED" bits must be cleared to "0" by the user.
1. DTMF : Higher/lower tone selection.
2. DTMF : DUAL/single tone.
L§7 SGS-THOMSON 1937
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three bytes of the transmit command word and will
be sent from the control processor to the TS75C25
at each transmit baud. In this table, the different
fields could be programmed according to the CCITT
or BELL standard needed taking into account the
transmit parameters. Once the contents of the first
and second byte have been determined for the
whole transmission, only the transmit data field in
the third byte has to be updated in the table. So, at
each transmit baud, the TS75C250 will receive the
complete three bytes, will check them and send the
data.

FIRST BYTE :

Bit 3, 2, 1 and 0 : Transmit mode selection

These bits select the standard to use or the DTMF

mode

0000 : Modem disabled

0001 to 0110 : Transmit mode selection

0111 : DTMF. In this mode, the number
which may be dialed is given by the
proper binary combination of bits 4, 3,
2 and 1 in the third byte. Refer to pa-
ragraph "DTMF mode" for detailed in-
formation.

Other bit codes are reserved.

Bit 5 and 4 : Transmit Signalling

These bits represent the tone to send regarding the

requested functionalities.

00 : Signalling disabled

01 or 11 : Guard tone 550Hz or 1800Hz added

to the modulated signal.
10 : Reserved
Bit 6 : Reserved

Bit 7 : ANSWER/ORIGINATE or DTMF

This bit has two main functions. Its first function is
to select the answer or originate mode. The second
function is used in DTMF mode as explained in de-
tails in paragraph "DTMF mode".

In ANSWER/ORIGINATE mode, the bit 7 cleared to
zero selects the answer mode (transmit in high
channel). The bit 7 set to one selects the originate
mode (transmit in low channel).

SECOND BYTE :
Bit4, 3, 2, 1, and 0 : Transmit attenuation

The transmit levels without attenuation at the trans-

mit interface output (ATO) on 600Q2 are as follows :

* in FSK modes (V.23, V.21 and BELL 103)
—0dBm

* in QAM (V.22 bis) and DPSK (V.22 and BELL
212) modes

14537 L7 SGS-THOMSON

— 5dBm when transmission on low channel
— 4dBm when transmission on high channel
with guard tone composed by :
—5dBm (signal)
—12dBm (guard tone)
— 5dBm when transmission on high channel wi-
thout guard tone
¢ —4dBm in DTMF mode composed by
— 5dBm (high frequency)
— 7dBm (low frequency)

These are maximum levels which can be decreased
by programming the transmit attenuation, with atte-
nuation levels falling within 0dB (00000) and 23dB
(10111) range, selectable in 1dB steps.

Selection within 11000 to 11111 correspond to an
infinite attenuation.

At power-on, or after a reset applied on the reset pin
of the TS75C250, an infinite attenuation is automa-
tically programmed.

Bit 5 : Scrambler

The TS75C25 incorporates an auto-synchronized
scrambler/descrambler in accordance with CCITT
V.22 bis and V.22 and BELL 212 recommendation.

The scrambler is enabled (1) or disabled (0) by pro-
gramming the bit 5.

When the scrambler is enabled, the input data is
scrambled by dividing the data by a generating poly-
nomial as defined in the V.22 bis and V.22 recom-
mendations.

When the scrambler is disabled, the input data is
routed around the scrambler in the transmit path.

Bit6 :64 x 1 Counter : The 64 x 1 counter is enabled
(1) or disabled (0) by programming the bit 6.

When the 64 x 1 counter is enabled, if 64 consecu-
tive bits "1" are outputed by the scrambler, the next
scrambler input bit is one’s complemented. When
the 64 x 1 counter is disabled, the input data is rou-
ted around the 64 x 1 counter in the transmit path.

Bit 7 : V.22 binary rate selection or DTMF
This bit has two main functions. lts first function al-
lows the possibility to select the lowest binary rate

(V.22 at 600bps) when set to one, or the highest bi-
nary rate (V.22 at 1200bps) when cleared to zero.

The second function is used in DTMF mode as ex-
plained in details in paragraph "DTMF mode".

THIRD BYTE :
Bit 0 : Transmit

This bit indicates the nature of the command word.
It must be cleared to zero by the control processor
to indicate to the TS75C25 that the command word

MICROELECTRONICS
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is a transmit command word, and that the 3-bytes
written in the mailbox contain transmit information.

Bit 6 Thru 1 : Transmitted data or DTMF tone selec-
tion. These bits have two main functions. The first
function is to represent the data which will be sent
according to the appropriate mode. The second
function, used in DTMF mode, is to select by pro-
gramming the bits 4, 3, 2, and 1 the generated tone
which will be used to dial the proper number as
shown in paragraph "DTMF mode" in table 5.

In QAM (V.22 bis) or DPSK (V.22 or BELL 212)
modes, the bits 4, 3, 2, and 1 represent the data sent
by the TS75C25. According to the selected mode,
up to 4 bits will be used :
- In V.22 bis, each symbol (baud) is coded by
4 bits (quadribit)
- In V.22 at 1200bps and BELL 212 modes,
each symbol is coded by 2 bits (dibit)

Figure 7 : FSK Mode.

- In V.22 at 600bps, each symbol is coded by
only one bit.

In these modes, the mailbox exchanges are execu-
ted at the rate of 600 exchanges per second.
In FSK modes (V.21, V.23, and BELL 103) all the 6
bits (bit 6 thru 1) are used to represent the binary
value of six samples of the transmitted signal. In
these modes, the mailbox exchanges are executed
at the rate of 1200 exchanges per second. Conse-
quently, to perform a serial to parallel conversion the
control processor has to sample the 103 circuit of
the V.24/RS232 junction at 7.2kHz which is the sam-
pling clock frequency (TxCCLK).
The bit 1 (which correspond to DO) is the first sam-
ple of the signal transmitted over the line as shown
in figure 7.

Bit 7 : transmit enable
This bit low instructs the TS75C25 to send data.

TRANSMITTED T0 = (1/1200)s
SIGNAL ON THE
103 CIRCUIT
‘ T0 ‘
[ . Lo
2 b oo
P! b
' 1 1 1 [l !
( C IR R N B .
J] I 7]
1 = (1/7200)s
11 lo]olo]o] LOADED IN THE MAILBOX
bo Ds BY THE CONTROL PROCESSOR
M88TS75C25-07

DTMF MODE

The DTMF generator outputs one of 16 standard
dual-tones. For specific applications where single
tone is required, the DTMF generator provides the
possibility to select either the high frequency or the
low frequency of the standard dual tones.

All the bytes used to program the DTMF mode and
mentioned in this section are those of the transmit
command word.

The DTMF mode is selected by programming bits 3
to 0 in the first byte.

Choosing the dual-tone mode, which is the normal
operating mode, is done with bit 7 in the second byte
cleared to zero. The DTMF generator then outputs
one of the sixteen standard dual tones selected

57 SGS-THOMSON

through bits 4 to 1 in the third byte as shown in ta-
ble 5.

The single-tone mode is selected by setting to 1 the
bit 7 in the second byte. This mode is used in spe-
cific cases where one frequency is to be generated.
After one frequency pair is selected through bits 4
to 1 in the third byte as shown in table 5, the choice
of the higher or lower frequency is made through bit
7 of the first byte. When bit 7 is set to 1 (respective-
ly 0), the lower (respectively higher) frequency is ge-
nerated.

In DTMF mode, the mailbox exchanges are execu-
ted at the rate of 1200 exchanges per second.

The programming of DTMF mode is summarized in
table 4.

15/37
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Table 4 : DTMF (dual or single tone) Programmation.

First Byte 2nd Byte Third Byte
DTMF
Bits 3,2, 1,0 Bit 7 Bits 4, 3, 2, 1
4-bit Binary Value
Dual-tone 0111 0 Coding one of 16
Dual Tone
; First Byte 2nd Byte Third Byte
Single-t
nole-ion® Bit 7 Bits 3,2, 1, 0 Bit 7 Bits 4, 3, 2, 1
. 4-bit Binary Value
gﬁzczgquency 0 0111 1 Coding one of 16
Dual Tone (high)
Low Frequenc 4-bit Binary Value
Selectedq ! 1 0111 1 Coding one of 16
Dual Tone (low)

In DTMF mode the transmit levels at the analog
transmit interface output (ATO) are respectively -
5dBm for the high group frequencies, and - 7dBm

Table 5 : Tone Encoding.

for the low group frequencies. These are maximum
levels and can be decreased by programming the
transmit attenuation in the second byte.

Number DTMF Code in Third Byte Generated Tones (Hz)
to Dial Bit4 Bit3 Bit2 Bit1 Low High
0 0 0 0 0 941 & 1336
1 0 0 0 1 697 & 1209
2 0 0 1 0 697 & 1336
3 0 0 1 1 697 & 1477
4 0 1 0 0 770 & 1209
5 0 1 0 1 770 & 1336
6 0 1 1 0 770 & 1477
7 0 1 1 1 852 & 1209
8 1 0 0 0 852 & 1336
9 1 0 0 1 852 & 1477
A 1 0 1 0 697 & 1633
B 1 0 1 1 770 & 1633
C 1 1 0 0 852 & 1633
D 1 1 0 1 941 & 1633
* 1 1 1 0 941 & 1209
# 1 1 1 1 941 & 1477
The accuracy of the frequencies is + 107,
The harmonic rejection level is at — 65dB.
ANSWER TONE GENERATION - 2100Hz : CCITT V.22 bis, V.22, V.23 and

The TS75C25 chip set may generate four different
standard frequencies which represent the usual
auto answer tones.
1300Hz : V.23 Automatic connection tone
- 1650Hz: V.21 Transpac specific answer tone

16/37

V.21 answer tone
- 2225Hz : BELL 212 and BELL 103 answer
tone
For answer tone generation, mailbox exchanges are
executed at the rate of 1200 exchanges/second.
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Table 6 : Answer Tone Generation.

Tone FSK Mode First Byte Third Byte

to Use Bit 7 Bits 3,2,1,0 Bits 6,5, 4,3, 2, 1
1300Hz V. 23 Answer 0 0100 111 111
1650Hz V. 21 Answer 0 0101 111 111
2100Hz V. 23 Answer 0 0100 000 000
2225Hz B103 Answer 0 0110 111 111

3.2.2. RECEIVE COMMAND WORD. In the receive
command word, the first byte permits the choice of
the call progress and answer tone detection modes
or the selection of the requested CCITT or BELL
standards.

The second byte defines additional receive parame-
ters.

The third byte informs the TS75C25 that the com-
mand word is a receive command word.

To manage the TS75C25 in an efficient way, it is re-

Table 7 : Receive Command Word Format.

commended to work with a table stored inthe control
processor memory space. This table will reflect the
three bytes of the receive command word and will
be sent from the memory by the control processor
to the TS75C25 at each receive baud. In this table,
the different fields could be programmed according
to the CCITT or BELL standard needed taking into
account the receive parameters. At each receive
baud, the TS75C250 will receive and processes the
complete three bytes.

BIT First Byte Second Byte Third Byte
0 | Receive Mode Selection Receive (1)
] 0000 : Modem Disabled Line Output Level
1 | 0001 : V.22 Bis
0010 : V.22 0011 : B212 R
2 | 0100 : V.23 0101 : V.21 eserved
3 0110 : Bell 103
0111 : Call Progress Tone Additional Clocks Reserved
4 Answer Tone Selection
5 Tx Synchronization Descrambler (ON/OFF)
6 Carrier Detect Level 64 x 1 (ON/OFF)
7 Answer/originate V.22 Binary Rate Select

Note : All the "RESERVED" bits must be cleared to "0" by the user.

FIRST BYTE :

Bit3, 2, 1, and 0 : Receive mode selection

These bits select the standard to use or the call pro-
gress and answer tone detection mode.

0000 : Modem disabled

0001 to 0110 : Receive mode selection

0111 : Call progress and answer tone de-
tection mode. In this mode the
TS75C25 recognizes different tones
as explained in paragraph "call pro-
gress and answer tone detection"
Other bit codes are reserved.

Bit 4 : Answer tone selection

This bit defines the answer tone to be detected. It
selects either 1650Hz (Transpac) or 2100/2225Hz
answer tone. When high, the detect answer tone is

[77 SGS-THOMSON

1650Hz. When low, the detect answer tone is
2100/2225Hz.

Bit 5 : Tx synchronization signal programming

This bit allows synchronization of all transmit clocks
on a selected source. When bit 5 is set to 1, all the
TS75C25 transmit clocks (TxCLK, TxCCLK,
TxRCLK) are synchronized on TxSCLK input (typi-
cally a terminal clock signal coming from the
V.24/RS232 interface). This avoids overspeed and
maintains a complete synchronization during the
transmission. If there is no signal on TxSCLK co-
ming from the terminal clock, the transmit clocks are
free-running at their nominal frequencies.

When the bit 5 is set to 0, the TS75C25 transmit
clocks are synchronized on the receive clocks. This
possibility may be used for remote digital loopback.

17/37
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Bit 6 : Carrier detection level

The TS75C25 can be used both on the public swit-
ched telephone network (PSTN) and with leased
lines.

When the bit 6 is set to 0, the carrier detection thres-
hold are :

—43 and — 48dBm (PSTN)

When the bit 6 is set to 1, the carrier detection thres-
hold are :

—33 and — 38dBm (leased lines).
Bit 7 : Answer / originate

The bit 7 cleared to zero selects the answer mode
(receive in low channel). The bit 7 set to one selects
the originate mode (receive in high channel).

SECOND BYTE :

The signal level applied to the loud speaker will be
as follow :

Bit 1 and 0 : Line Output Programmable Level.

B1 BO Attenuation Level Unit
00 . ) dB
01 0 dB
10 6 dB
11 12 dB

Bit 2 : Reserved.
Bit 4 and 3 : Additional Clocks

B4 B3 Clock Frequency Unit
00 2400 Hz
01 1600 Hz
10 1200 Hz
11 600 Hz

3.3. TRANSMIT AND RECEIVE STATUS WORD

Both Tx and Rx clocks are programmed with the
same frequency according to B4 and B3. These
clocks are not obligatory for the functionning of the
TS75C25, but may be useful for specific application.
Bit 5 : Descrambler

The TS75C25 incorporates an auto-synchronized
scrambler/descrambler in accordance with CCITT
V.22 bis and V.22 and BELL 212 recommendation.
The descrambler is enabled when bit 5 is set to 1,
or disabled when bit 5 is set to 0.

When the descrambler is enabled, the data stream
is multiplied by the same polynomial that divided the
data at the scrambler in the transmission path.

When the descrambler is disabled, the data stream is
routed around the descrambler in the receive path.
Bit 6 : 64 x 1 Counter. When the 64 x 1 counter is
enabled, if 64 consecutive bits "1" are decoded, the
next descrambler input bit is one’s complemented.
When the 64 x 1 counter is disabled, the output da-
ta is routed around the 64 x 1 counter in the receive
part. The 64 x 1 counter is enabled when bit 6 is set
to 1, or disabled when bit 6 is set to 0.

Bit 7 : V.22 binary rate select

This bit allows the possibility to select the lowest bi-
nary rate (V.22 at 600bps) when set to one, or the
highest binary rate (V.22 at 1200bps) when set to
zero.

THIRD BYTE :

Bit 0 : Receive

This bit indicates the nature of the command word.
It must be set to one to indicate to the TS75C25 that
the command word is a receive command weord.
This involves that the 3-bytes written in the mailbox
by the control processor to the TS75C25 contain re-
ceive command information.

Bit 7 Thru 1 : Reserved (must be cleared to 0)

The status words are issued by the TS75C250 and provide the status reporting to the control processor.

3.3.1. TRANSMIT STATUS WORD
Table 8 : Transmit Status Word Format.

BIT First Byte Second Byte Third Byte
0 Transmit (0)
1

2 |

(3 |

T Reserved Reserved Reserved

5 |

6 |

7]
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FIRST BYTE :
Bit 0 : Transmit

This bit when low informs the control processor that
the status word issued by the TS75C25 is a trans-
mit status word.

3.3.2. RECEIVE STATUS WORD
Table 9 : Receive Status Word Format.

Bit 7 Thru 1 : Reserved
SECOND BYTE :

Bit 7 Thru 0 : Reserved
THIRD BYTE :

Bit 7 Thru 0 : Reserved

BIT First Byte Second Byte Third Byte
0 Receive (1) Reserved
1 | DO | Data Before Reserved DO | Data Do
2 | D1 Descrambling D1 | After D1
3 (D2 (QAM. , DP.SK) _ D2 | Descr. D2 Data
4 (D3 Equalization Status D3 (QAM, D3 (F.SK.)
5 Reserved Signal Quality ' | ppsk ) D4
6 S1 Sequence Carrier Detect 1 D5
7 S1 Sequence or -
Call Progress Tone Detection Reserved Answer Tone Detection

Note : In QAM and DPSK modes, both for the data after and before descrambling, the unused bits are set to "1" by the TS75C25.

FIRST BYTE :
Bit 0 : Receive

This bit set to one by the TS75C25 indicates to the
control processor that the current status word is a
receive status word.

Bit4, 3, 2, and 1 : Data before descrambling

Used only in QAM and DPSK modes, these four bits
represent the data received before descrambling,
i.e., after the demodulator and before the descram-
bler. Data is coded on four bits (D3, D2, D1, DO0) in
V.22 bis, on two bits (D1, D0) in V.22 at 1200bps
and BELL 212, on only one bit (D0) in V.22 at
600bps. The unused bits are set to 1 by the
TS75C25.

The mailbox exchange rate between the TS75C250
and the control processor is done at 600 exchanges
per second. Both for QAM and DPSK modes, DO
(which correspond to the bit 1) is the first bit recei-
ved.

Bit 5 : Reserved

Bit 7 and 6 : S1 handshake sequence (V.22 bis)
mode

During the V.22 bis handshake sequence, these two
bits indicate the presence or the absence of the "S1"
sequence detected by the TS75C25. If the
TS75C25 gives an alternance (at each baud period
in reception) of values "10" and "01" on bit 7 and 6,

the "S1" sequence is present in reception. Else, this
means its absence.

Bit 7 : Call progress tone detection (call pro-
gress/answer tone mode).

This bit low indicates detection of energy in the band
300 - 700Hz with a detection threshold of - 43dBm.
This bit high means there is no energy detected.
(see paragraph call progress and answer tone de-
tection).

SECOND BYTE :

Bits 3, 2, 1, and 0 : Reserved

Bit 4 : Equalization status

This bit will go high (1) in case of equalization loss

(retrain sequence initialization or fallback mode).

Bit 5 : Signal quality

This bit will go high (1) when the quality of the recei-

ved signal is too low for a good transmission.

Bit 6 : Carrier detect

This bit indicates the presence or the absence of the

on-line signal as follows :

- This bit will go low (0) if the signal level is higher
than —43dBm on PSTN or - 33dBm on leased
lines

- This bit will go high (1) if the signal level is lower
than —48dBm on PSTN or - 38dBm on leased
lines.

L7 S5s-THOMSON 19387
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The minimum hysteresis level is 2dB.

The information on the on-line signal may be used
by the control processor to manage the 109 signal
of the V.24 junction.

Bit 7 : Reserved
THIRD BYTE :
Bit 0 : Reserved

Bit 6 Thru 1 : Data received or data after descram-
bling.

These six bits contain the received data and have
to be processed by the control processor according
to the selected standards :

- In QAM and DPSK modes, bit 4 thru 1 repre-
sent the data received after descrambling, if
the descrambler is enabled. Otherwise, they
represent the data received without descram-
bling.

The data is encoded on four bits (D3, D2, D1,
DO) in V.22 bis, on two bits (D1, D0), in V.22

Figure 8 : FSK Receive Mode.

at 1200bps and Bell 212, on only one bit (DO)
in V.22 at 600bps. The unused bits are set to
one by the TS75C25.

The mailbox exchange rate between the
TS75C250 and the control processor is done
at 600 exchanges per second. For both QAM
and DPSK modes, DO (which correspond to
bit 1) is the first bit received.

- InFSKmodes (V.21, V.23, and BELL 103) all
the six bits are used to represent the digital
value of six samples of the received signal. In
these modes, the mailbox exchange must be
executed at the rate of 1200 exchanges per
second. Consequently to perform a parallel to
serial conversion the control processor has to
resend these bits on the 104 circuit of the
V.24/RS232 junction at 7.2kHz.

Bit 1 (which correspond to DO0) is the first sam-
ple of the incoming signal received over the
line as shown in figure 8.

RECEIVED T0 = (1/1200)s
SIGNAL ON THE
104 CIRCUIT
1, TO i
[ AT
J) o o '
o Lo
! 1 1 1 1 !
A R
' 1 1 1 1 !
! 1 1 1 1 '
A
! 1 1 1 1 !
! 1 1 1 1 !
ff o e e e
1 = (1/7200)s |
.-nnnn LOADED IN THE MAILBOX
BY THE TS75C250

t
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Bit 7 : Answer tone detection

Used in answer tone detection mode, this bit when
low (0), indicates the presence of the answer tone
(CCITT 2100Hz, BELL 2225Hz or Transpac

20/37
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1650Hz) sent by the far-end modem. When high (1),
it means no detection of answer tone. Refer to pa-
ragraph "call progress and answer tone detection”

for further details.
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CALL PROGRESS AND ANSWER TONE DETECTION

The TS75C25 call progress detection part s activa-
ted by detection of energy in the 300 to 700Hz call
progress tone bandwidth. The call progress mode
must be selected in the first byte (bit 3 thru 0) of the
receive command word.

Then the bit 7 of the first byte of the receive status
word indicates to the control processor that the call
progress tone is detected (bit 7 = 0) or not (Bit 7 =
1).
In answer tone mode, the TS75C25 may recognize
three different standard frequencies which repre-
sent the usual answer tones sent by the far-end mo-
dem as described hereunder :

- 2100Hz : CCITT modes answer tone V.21

and V.23

- 2225Hz : BELL answer tones
- 1650Hz : Transpac V.21 answer tone

The answer tone mode must be selected in the first
byte (bit 3 thru 0) of the receive command word and
the answer tone selection (1650Hz or
2100/2225Hz) with the bit 4.

Then bit 7 in the third byte of the receive status word
indicates to the control processor that the answer
tone is detected (bit 7 = 0) or not (bit 7 = 1).

The table 10 shows the programmation of the re-
ceive command word, and the status reporting
contained in the receive status word.

DTMF mode and transmit enable = 1 must be se-
lected in the transmit command word.

Table 10 : Call Progress and Answer Tone Detection Programming Model.

Receive Command Word Receive Status Word
First Byte First Byte Third Byte
Bit3,2,1,0, Bit 4 Bit 7 Bit 7
Call Progress 1 No Call Progress Tone Detected
Mode and 0111 0 0  Presence of Call Progress Tone
i;oal/zf.f.s 0 2100/2225Hz Detected
swer fone 1 No Detection
Call Progress 1 No Call Progress Tone Detected
Mode and 0111 1 0  Presence of Call Progress Tone
1650Hz 0 1650HZ Detected
Answer Tone etecte
1 No Detection

4. ELECTRICAL SPECIFICATIONS
4.1. MAXIMUM RATINGS

TS75240
Symbol Parameter Value ~ Unit
Vce * | Supply Voltage -031t07.0 Vv
Vip * Input Voltage -03t07.0 \Y
Ta Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range —551to0 150 °C

* With respect to Vss.

Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional ope-
ration of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. Ex-
posure to maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should

be used to avoid possible damage to the device.

"_l SGS-THOMSON
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TS7542
Symbol Parameter Value Unit
Supply Voltage between V* and AGND or DGND —-03to+7 \Y
Supply Voltage between V™ and AGND or DGND —-71t0+03 Y
Voltage between AGND and DGND —03to+03 \
Digital Input Voltage DGND - 0.3 to Vgc* + 0.3 Vv
Digital Output Voltage DGND - 0.3 to Vgc* + 0.3 \
Digital Output Current —-20to +20 mA
Analog Input Voltage Vee™ = 0.3to Vet + 0.3 \
Analog Output Voltage Vee™ =03 1to Vee* + 0.3 \%
Analog Output Current -10to + 10 mA
) Power Dissipation 500 mwW
Toper | Operating Temperature Range 0to+70 °C
Tstg Storage Temperature —65to + 150 °C
4.2. DC ELECTRICAL CHARACTERISTICS DGND =AGND=0V
Digital Supply
Voo =5.0V+10 %, Vgs =0, Tao =0to + 70 °C (unless otherwise specified)

Symbol Parameter Min. | Typ. | Max. | Unit
Vee Supply Voltage 45 5 55 Vv
Vi Input Low Voltage -0.3 0.8 \'
Vin Input High Voltage 2.4 Vee \Y

lin Input Leakage Current - 10 +10 MA

Vou Output High Voltage (lipag = — 300nA) 2.7 Vv

Vou Output Low Voltage (licag = 2mA) 0.5 \Y

Pp Total Power Dissipation 0.5 w

Cin Input Capacitance 10 pF

s Three State (off state) Input Current - 20 + 20 HA
Analog Supply

Symbol Parameter Min. Typ. Max. Unit
v* Positive Power Supply 4.75 5.25 \
\'A Negative Power Supply -5.25 —-4.75 \
I* Positive Supply Current (receive signal level 0dbm) 30 mA

I Negative Supply Current (receive signal level 0dBm) -25 mA
= L7 3RS
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AC ELECTRICAL SPECIFICATIONS - CLOCK AND CONTROL PINS TIMING

5Vce = 5.0V £ 10%, Ta=0to 70°C, see figure 9.1.)
OUTPUT LOAD = 50 pF . DC characteristics | load

REFERENCE LEVELS V,_ = 0.8V V,, = 2.4V
VoL = 0.8V Vou = 2.4V

tr, ff < 5ns for Input Signals

Symbol Parameter Min. Typ. Max. Unit
tcex External Clock Cycle Time (tc =2 x tcex) 50 200 ns
tcex External Clock Cycle Time (tc = 4 x tcex) 25 100 ns
tfex External Clock Fall Time 5 ns
trex External Clock Rise Time 5 ns
tcoh EXTAL to CLKOUT High Delay 25 ns
tcol EXTAL to CLKOUT Low Delay 25 ns
tcor CLKOUT Rise Time 10 ns
tcof CLKOUT Fall Time 10 ns
tdsl | CLKOUT to DS, RD, WR Low 5 ns
tdsh | CLKOUT to DS, RD, WR High 5 ns
tsc Control Input Set-up Time (BS/IT, BE, Reset) 20 ns
the Control Input Hold Time (BSO, BS2, BE3, BES, Reset) 10 ns
tdic | CLKOUT to Control Output Low (RQ, BA) 30 ns
tdhc | CLKOUT to Control Output High (BA, IRQ) 30 ns

Figure 9 : Clock and Control Pins Timing.

tcex

tdsh

tdhc

tfex trex
-
o AR A
tcoh tcol
x \ A
MC,CLKOUT 4>7f —~——/
™ tcor == tcof
tc tc
DS,RD,WR \—/—_
tsc the
— ™ tdsl
BS/BE
HALT,RESET
1RQ,BA —
tdic

M88TS75C25-09
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INTERNAL CLOCK OPTION

A crystal oscillator can be connected across XTAL
and EXTAL. The frequency of CLKOUT is half the
crystal fundamental frequency, and can be used by
the control processor.

Thenthe 5.76MHzrequired by the Analog Front End
can be easily obtained.

CLKOUT
EXTAL

TS75C250

XTAL

11.520 MHz

C typical value = 10 pF
M88TS75C25-10

Crystal nominal parameters :

Parallel resonance fundamental mode - AT CUT
RS =10Q

C1=0.018pF

Co = 3.5pF

Q> 30K

M88TS75C25-11
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4.3.2. TS7542 : CLOCK GENERATOR

CLOCK WAVE FORMS

Symbol Parameter Test Conditions Min. Typ. Max. Unit
PC Main Clock Period XTAL1 Input 150 173.6 ns
twel Main Clock Low Level Width XTAL1 Input 50 ns
twern | Main Clock High Level Width XTAL1 Input 50 ns
trc Main Clock Rise Time XTAL1 Input 50 ns
trc Main Clock Fall Time XTAL1 Input 50 ns
toc Clock Output Delay Time All Clock Outputs CL = 50pF 500 ns
ttc Clock Output Transition Time All Clock Outputs CL = 50pF 100 ns

Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given for V* = 5.0V and

Tamp = 25°C.

Figure 10 : Clock Generator.

PC |
twcH twcL )
[ 35V \
1
tRe - tec oc.

"\ 22V
CLOCK OUTPUTS
{9 CLOCKS)

} o8V
-~ tre
M88TS75C25-12
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4.3.3. LOCAL BUS TIMING (TS75C250 and TS7542)
(Voc =5.0V £10%, Ta = 0° to + 70°C, see figure 11)

Symbol Parameter Min. Max. Unit
tpw | RD, WR, AS Pulse Width 12tc-10| 1/2tc ns
tanw | Address Valid to WR, AS, RD Low 1/2 tc — 25 ns
tan | Address Hold Time 5 ns
tosw Data Set-up Time, Write Cycle 1/2tc - 25 ns
toHw Data Hold Time, Write Cycle 5 ns
tpsr Data Set-up Time, Read Cycle 15 ns
toHR Data Hold Time, Read Cycle 5 ns
Figure 11 : Local Bus Timing Diagram.
LAH
ADDRESSES > §<
PW
RD,WR,DS /Z—
tarw tan
¥
PW
Y
tARw PW
r—
tARW
tpsw UpHW
D0-D15
DATA OUT
DATA OUT
tpsr toHR
DO-D15 ————
DATA IN DATA IN —

M88TS7524-13

Note : In multicycle exchanges, tpw, tdsw, duration is extended by 1, 2 or 3 machine cycle lenghts (tc).
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4.3.4. SYSTEM BUS TIMING (TS75C250 and control processor)

(Ve =5.0V £10%, Tp = 0° to + 70°C)

Symbol Parameter Min. Max. Unit
tspw SDS Pulse Width 50 ns
tsaw SRW, &, RS Set-up Time 20 ns
tsan | SR/W, CS, RS Hold after SDS High 5 ns
tspsr | Data Set-up Time, Read Cycle 20 ns
tspur | Data Hold Time, Read Cycle 5 ns
tspsw | Data Set-up Time, Write Cycle 30 ns
tsprw | Data Hold Time, Write Cycle 5 30 ns
tpstpT | SDS Low to DTACK Low 30 ns

tosupt | SDS High to DTACK High' 40 ns

* DTACK is an open drain output test load include RL = 820 © at Vcc.
Figure 12 : System Bus Timing Diagram.
tspw

SDS

SRD /

SWR

tsaw UsaH
SR/W,CS
RS
- tSDHR
ADO-AD7
DATAIN DATAIN
tspzw
'PsDsw ' soHw
ADO-AD7
DATA OUT < DATA OUT >
tbsLoT tDSHDT
DTACK 1/7
M88TS75C25-13
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4.3.5. DAA INTERFACE (DAA and TS7542)

Analog Transmit Output (ATO)
V+ =5V £5%, 0°C< Tymp <+ 70°C V- = =5V £5%, 0°C< Tymp < + 70°C
(unless otherwise specified)

M88TS75C25 -15

Symbol Parameter Min. Typ. Max. Unit
Vos Output DC Offset - 250 + 250 mV
CL Load Capacitance 50 pF
R Load Resistance 1.2 kQ
Vout Output Voltage Swing _

(RL > 1.2kQ C, < 50pF) 25 *25 )V
Rout Output Resistance
5 Q
(read cycle)

Receive Analog Input (RAI).

Symbol Parameter Min. Typ. Max. Unit
Vin Input Voltage -25 +25 \%
lin Input Current (write cycle) -1 +1 MA

5. PIN CONNECTIONS
TS75C250 TS7542
04 { J os D4 1 U 40/ DGND
o5 [ U D2
D5 2 39/ D3
Ds [| 0ot
pe (13 38/ ] D2
o7 [ 1 po
08l i p7 (4 37[7] D1
s [] 0 ees CLKINI (|5 36[] DO
1o 0 BS0 or 10 RW 6 35 TxSCLK
o1 (] 0 est oriTT cst 7 347 XTAL1
12 ] [ Bs2oriT2or LP csolls 33{] XTAL2
o1 { At rso Clo 32[] TxCLK
o { Voo Rst []10 31[J TXRCLK
o015 [ 0 at0 _
E 11 30[] TxCCLK
ves [] D ag
a0l H ns v- 12 29[] RxCLK
exta [ 1 ao7 v+ 13 28[] RXRCLK
cikout [ [ Aoe RFO []14 27[7] RxCCLK
‘RDor DS [ [ aos Lao [1s 26 EXI
WR or RW [] 0 Aba oxl |16 25[] ATO
SWR or SRW [] {J D3 RAI Cl17 24 vs
SRD or 505 E i AD2 Acc2 )18 23] v-
o Aot AGCt []19 22[7] AGND
rs [ [ abo d
RESET (] [ BES orBA D1 20 21l vs
Ra [J BE6 or DTACK

M88TS75C25-16
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PIN CONNECTIONS (continued)

! TS75C250 TS7542
! eessszs8czfi KNI 06 D¢ D3 1
‘ =A== S
D10l [] BsonTo NC | D7 | D5 [DGNQ D2 | DO
| oo vo 07|05 pond o2 ] o
75, 6 5 4 3 2 14443424140
n12f] [ Bs27iT2 _
oiah Tan RW O 7 39 [J TXSCLK
oieh 1y cst 8 38 [ XTAL1
o1sh i ce csoqg9 37 [ XTAL2
) 0 q cc RS0 [ 10 36 [J TXCLK
| Vs Al RS1 O 11 35 [ TXRCLK
‘ vss I Oao Ed 12 34 [1 TXCOLK
xtaL e v-0 13 33 [1 RXCLK
extaL ff ao7 ved 14 32 ) RxRCLK
| otkouT [ Aoe RFO ] 15 31 [) RCCLK
RODS I { aps LAO [ 16 30 [J EXI
| WRRW I 0 aos NC 17 29 I NC
I%légg’%g%%fgégg 181{320\2}]22?242{262\]328
‘g 12 = ke Dxl |AGC2| CD1 | V+ ATO
! @ @ RAI AGC1 NC AGND V+
|
| M88TS75C25-17 M88TS75C25-18
i
TS75C250
TS7542 Interface
Name Pin Function Description
Only D8 thru D15 lines are used for data transfer between the
DO thru D15 {l{e] Local Data Bus TS75C250 and TS7542.
DO thru D7 are. not used and are left unconnected.
A8 thru A1 Local Address Bus | Address Lines to the TS7542
== S evvar-resnes This signal synchronizes the transfer between the TS75C250 and
DS Data Strobe the TS7542.
RW Read/Write Indicates the current bus cycle state.
This signal generated by the TS75240 is at half the frequency of
CLKOUT (0] Clock Output the crystal. It can be divided by 2 to provide the 5.76MHz clock for
the TS7542.
BE3 thru BE6 | Receive and These two inputs are connected to the receive and transmit
Transmit Clocks clocks generated by the TS7542.

| I

<7}

SGS-THOMSON 29737
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TS75C250
System Interface.
Name Pin Function Description
These bi-directional lines are used for data transfer between the
ADO thru AD7 | 1/O System Data Bus TS75C250 mailbox and a control processor.
s | m This active low input is asserted when the TS75C250 is to be
accessed by the control processor.
== P This signal is used with CS to control the data transfer between
RS ! Register Select the control processor and the TS75C250 mailbox.
SDS | System Data Strobe | Synchronizes the transfer on the system bus.
SRW | System Read/Write | Indicates the current system bus cycle state.
iRa o m Hapdshake signal sent to the master to gain access to the
mailbox.
Others Pins.
Name Pin Function Description
BSO thru BS2 | Branch on State These three inputs are not used and must be grounded.
EXTAL | Clock Crys_tal Input for Internal Oscillator or Input Pin for External
Oscillator.
XTAL | Clock Together with EXTAL this pin is used for the external 23.040MHz
crystal.
Vee Supply Power Supply
Vss Supply Ground
RESET 1 Reset

BE3 thru BE4

Branch on Edge

These two inputs are not used and must be grounded.

30/37
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PIN DESCRIPTION TS7542

N° Name Description
1-4 D4-D7 Bidirectional Data Bus.
5 CLKINI Clock Initialization Input. Must be tied to V* during normal operation.
6 RW Read/Write Selection Input. This input indicates whether the current bus cycle is a read
(high) or write (low) cycle.
7-8 CS1-CS0 Chip Select Input. The chip is selected when CS0 =0 and CS1= 1.
9-10 RS0-RS1 Register Select Input. Select the register involved in a read or write operation.
11 E Enable Input. Enables Selection Inputs
Active on a low level for read operation.
Active on a positive-going edge for write operation.
12 \'a Negative Supply Voltage. V™ = - 5V + 5%
13 v+ Positive Supply Voltage. V* = + 5V + 5%
14 RFO Receive Filter Analog Output. Designed to be connected to AGC1 input through a 1 pF
non polarized capacitor.
15 LAO Line Attenuator Output. Duplexer analog output usefull for line monitoring during call
progress.
16 Dx| Duplexer Input. Analog input subtracted from the receive anti-aliasing filter output to
implement duplexer function.
17 RAI Receive Analog Input. Analog input tied to the transmission line.
18 AGC2 This pin must be connected to the analog ground through a 1 pF non polarized
capacitor, in order to cancel the offset voltage of the AGC amplifier.
19 AGC1 Analog input of the AGC amplifier and of the carrier level detector.
20 CD1 This pin must be connected to the analog ground through a 1uF non polarized
capacitor, in order to remove the offset voltage of the carrier level detector ampilifier.
21 v* Positive Power Supply Voltage
22 AGND Analog Ground. All analog signals are referenced to this pin.
23 \'a Negative Supply Voltage
24 v Positive Supply Voltage
25 ATO Analog Transmit Output. Capable of driving 1200Q load with 5V peak to peak
amplitude.
26 EXI External Transmit Input. Can be programmmed to be connected to the transmit filter or
to the transmit attenuator input.
27 RxCCLK Receive Conversion Clock Output
28 RxRCLK Receive Baud Rate Clock Output
29 RxCLK Receive Bit Rate Clock Output
30 TxCCLK Transmit Conversion Clock Output
31 TxRCLK Transmit Baud Rate Clock Output
32 TxCLK Transmit Bit Rate Clock Output
33 XTAL2 Crystal Oscillator Output. Nominal Frequency = 5.76MHz
34 XTAL1 Crystal Oscillator or External Master Clock Input
35 TxSCLK Transmit Synchronization Clock Input. Can be connected to an external terminal clock
to phase lock the internal transmit clocks. When this pin is tied to a permanent logical
level the transmit DPLL free-rises or can be phase locked on the receive clock system.
36-39 D0-D23 Bidirectional Data Bus.
40 DGND Digital Ground. All digital signals are referenced to this wire.

(37 SGS-THOMSON 8187
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ORDERING INFORMATION

The TS75C25 corresponds to two different compo-

nents which must be ordered separately.
Furthermore, a stand-alone evaluation board is

available for a fast characterization improvement of

the TS75C25 in a real application.

Part Number Temp Range Package Device
TS75C250CP 0 °C to 70 °C DIP-48 V. 22Bis Masked DSP
TS7542CP 0°Cto 70 °C DIP-40 Analog Front End
TS75C250CFN 0°C to 70 °C PLCC-52 V. 22Bis Masked DSP
TS7542CFN 0°Cto 70 °C PLCC-44 Analog Frond End

3287 L5y SGS-THOMSON
Y/ nicRorLEsTRONICS
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7. PACKAGE MECHANICAL DATA
TS75C250
48 Pins — Plastic Dip.

| e max e=254 e max 4,57 max
1 eje ejeblejele e
| BARRE
| Y/
T . LRI
5.08max [} |
i 4
31
39
% r\% 4
[ia Bl AOOMML
Datum
L\ (1) Nominal dimension
o 1/ (2) True geometrical position
@]
| N g S
.’ //J >
63.5max. 14
48 Pins

TS75C250
52 Pins — Plastic Leaded Chip Carrier.
Pin 1identification
4,20 17,53
12,050 19,050 o 508 18,54
19,202 . 19‘,202 | 45
—1 _}'%_1 N /|-
46, 8 ’
O ¢ Of'ly 2‘ :
I 45°
+
k 1
1994
20,19
52 Pins
[Ny SGS-THOMSON 33/37
Y/ sicroELECTRONICS
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TS7542
40 Pins — Plastic Dip.

e max ez 254(2) e mox 4,57 max
eleleleybrielelejele
H T]f! T
L] LA il
| g LAY =
5,08 mox |4 l I | l
N
3) 0,38
3 0,508

40 2
[l Bml e
Datum
A\ (1) . Nominal dimension
or < J (2)  True geometrical position
o
H A0 OOt
1 20

53 max.

3

! 4[] pins

TS7542
44 Pins — Plastic Leadless Chip Carrier

16,5 | 3.95
4.15

16:5 0.475
29 39

17 7

e=127 .leiele'e e eie"e ele., Datum 17.2
17.5

4 4 Outputs

34/37
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ELECTRICAL CONSIDERATIONS

To avoid possible high frequency problems, the fol-
lowing precautions should be considered for PC
board layout design :

¢ A ground plane on the component side connec-
ted to analog ground of the TS7542

* Analog and Digital ground tracks corresponding
to different signals, e.g. clocks, input signals, re-

ferences, ... should be adequately separated and
terminated at a single point.

Optimal distribution of power supplies and
ground links using star-connection

Adequate decoupling capacitor mounted as
close as possible to each device, and connected
to analog ground

DSP and MAFE power supplies should be sepa-
rated

APPENDIX A

TRANSMIT/RECEIVE COMMAND WORDS
Transmit Command Word

BIT First Byte Second Byte Third Byte
o | Transmit Mode Selection Transmit (0)
1 0000 : Modem Disabled D
1 | 0001 :V.22 Bis , Do | o
] 0010 :V.22 0011 : B212 Transmit S D
2 | 0100 : V.23 0101 : V.21 Attenuation 1| g | @ T
| 0110 : Bell 103 A M
8 | 0111 : D.TMF. D2 | o | M| F F
T - S
Transmit Signalling
4
00 : Signalling Disabled D3 | o K
1 :550Hz -
5 1 : 1800Hz Scrambler (ON/OFF) D4 0 0 0
6 Reserved 64 x 1(ON/OFF) ps | © 0 0
7 ANSW/ORIG or DTMF' V.22 Binary Rate Select Transmit Enable
or DTMF
Notes : All the "RESERVED" bits must be cleared to "0" by the user.
1 : DTMF : Higher/lower tone selection.
2 : DTMF : DUAL/single tone.
Receive Command Word
BIT First Byte Second Byte Third Byte
o | Receive Mode Selection Receive (1)
1 0000 : Modem Disabled Line output Level
1 | 0001 :V.22 Bis
] 0010 :V.22 0011 : B212
2 | 0100 :V.23 0101 : V.21 Reserved
_3 0110 : Bell 103 R d
. eserve
0111 : Call Progress Tone Additional Clocks
4 Answer Tone Selection
5 Tx Synchronization Descrambler (ON/OFF)
6 Carrier Detect Level 64 x 1 (ON/OFF)
7 Answer/originate V.22 Binary Rate Select
Note : All the "RESERVED" bits must be cleared to "0" by the user.
Ly7 SGS-THOMSON 35087
Y/ icroLECTRONICS
251



TS75C25

APPENDIX B

TRANSMIT/RECEIVE STATUS WORDS
TRANSMIT STATUS WORD FORMAT

Call Progress Tone Detection

Reserved

BIT First Byte Second Byte Third Byte
(1] Transmit (0)
1
|2 ]
3 |
T Reserved Reserved Reserved
5 |
| 6 |
7
RECEIVE STATUS WORD FORMAT
BIT First Byte Second Byte Third Byte
0 Receive (1) Reserved
1 | DO | Data Before Reserved ﬂ Data | DO |
2 | D1} pescrambling | D1 | After _D_11
3 |D2] qAM., DPSK) D2| Descr. ~ |D2| Data
4 D3 Equalization Status D3 (QAM, ﬂ (F.SK.)
5 Reserved Signal Quality 1 D.P.SK) | D4 |
6 S1 Sequence Carrier Detect 1 D5
7 S1 Sequence or

Answer Tone Detection

Note : In QAM and DPSK modes, both for the data after and before descrambling, the unused bits are set to "1" by the TS75C25.

36/37
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TS75C32

V.32, V.22BIS, V.22, V.23,
V.21, BELL212A, BELL103 MODEM CHIP SET

= CCITT V.32, V22bis, V.22, V.21,V.23, Bell 212A,
Bell 103 COMPATIBLE MODEM CHIP SET

» INTEGRATED IMPLEMENTATION ON THREE
DSP AND THREE MAFE CHIPS

= FULL DUPLEX OPERATION FROM 9600 TO
300 BPS

s FULL IMPLEMENTATION OF THE V.32 AND
V.22BIS HANDSHAKE

= DYNAMIC RANGE : 43 dB

s TWO SATELLITE HOPS AND FREQUENCY
OFFSET CAPABILITIES (10 Hz) FOR THE FAR
END ECHO CANCELLER IN V.32 MODE

s TRELLIS ENCODING AND VITERBI DECO-
DING

s 12.5 % ROLL-OFF RAISED COSINE TRANS-
MITTER PULSE SHAPING

= HIGH PERFORMANCE PASSBAND FRACTIO-
NALLY SPACED ADAPTIVE EQUALIZER

= SIGNAL QUALITY MONITORING

s PARALLEL INTERFACE TO STANDARD
MICROPROCESSORS

= BIT RATE DATA CLOCKS PROVIDED FOR
SYNCHRONOUS DATA TRANSFER

= FULL DIAGNOSTIC CAPABILITY

= DTMF GENERATION

» CALL PROGRESS TONE DETECTION

» SOFTWARE LICENSE AND DEVELOPMENT
TOOLS AVAILABLE FOR EASY CUSTOMIZA-
TION

» TOTAL POWER CONSUMPTION BELOW 2W

DESCRIPTION

The SGS-THOMSON Microelectronics TS75C32
chip set is a highly integrated modem engine, which
can operate in full duplex from 9600 to 300 bps. The
modem hardware consists of three analog front end
(MAFE) chips, three DSP processor chips and ad-
ditional memory chips.

The three SGS-THOMSON analog front end chips
(TS68950/1/2) are the transmit interface, the receive
interface and the clock generator respectively.

The modem signal processing functions are imple-
mented on three ST18930 programmable digital si-
gnal processors.

January 1989

ADVANCE DATA

DIP48
(Plastic Package)
TS75C320/1/2

P
DIP24
(Plastic Package)
TS68950

DIP28
(Plastic Package)
TS68951/52

(Ordering Information at the end of the datasheet)

FN
PLCC52
(Plastic Leaded Chip Carrier)
TS75C320/1/2

B,

N\

FN
PLCC28
(Plastic Leaded Chip Carrier)
TS68950

2,
2o,

AANANNA

FN
PLCC28
(Plastic Leaded Chip Carrier)
TS68951/52

1/45

This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice.
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TS75C32

1. PIN DESCRIPTION

1.1. SYSTEM INTERFACE
TS75C321 (DSP#1 Transmitter and Handshake)

Pin Signal -
Name Type Name Description
ADO.AD7 [l{e] DOH.D7H | System Data Bus : these lines are used for data transfer between the
TS75C32 mailbox and the host processor.
cs | CSL Chip Select : this input is asserted when the TS75C32 is to be accessed by
the host processor.
RS | RSL Register Select : this signal is used to control the data transfers between the
host processor and the TS75C32 mailbox.
SDS | DSL System Data Strobe : synchronizes the transfer between the TS75C32
mailbox and the host processor.
SRW | RWL System Read/Write : control signal for the TS75C32 mailbox operation.
IRQ o INTL Interrupt Request : signal sent to the host processor to access the TS75C32
mailbox.
RESET | RSTLA Master Reset of DSP#1

1.2. ANALOG INTERFACE
TS68950 (Analog Front End Transmitter)

Pin

Signal

Name Type Name Description
ATO (o] ATO Analog Transmit Output
TS68951 (Analog Front End Receiver)
N:ir: e Type ?lig::; Description
RAI | RAI Receive Analog Input
LEI | LEI Local Echo Input. Must be grounded.
1.3. CLOCK INTERFACE
TS68952 (Clock Generator)
N';i:.e Type ﬂg:: Description
TxCLK (0] TxCLK Transmit Bit Clock
TxRCLK (0] TxRCLK | Transmit Baud Clock
TxCCLK (o} TxCCLK | Transmit Conversion Clock
TxMCLK (0] TxMCLK | Transmit Multiplex Clock
RxCLK o RxCLK Receive Bit Clock
RxRCLK (0] RxRCLK | Receive Baud Clock
RxCCLK (0] RxCCLK | Receive Conversion Clock
RxMCLK (0] RxMCLK | Receive Multiplex Clock
TxSCLK | TxSCLK | Transmit Synchro Clock : can be used to synchronize the trans-

mitter on an external bit clock provided by the RS232C (or V.24) junction.

LSy SGS-THOMSON 3/45
Y/ Giicroe EcTRONICS
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2, FUNCTIONAL DESCRIPTION

2.1. SYSTEM ARCHITECTURE

The SGS-THOMSON TS75C32 chip set is a highly
integrated modem engine which provides the func-
tionality and performance requirements for full-du-
plex 9600 bps modem solutions at a low cost and
with a small circuit area. At the heart of the modem
engine are three SGS-THOMSON DSPs which im-
plement the complete signal processing and control
functions. The analog front end of the modem engine
consists of the SGS-THOMSON MAFE three-chip
set which is designed to meet the requirements of

Figure 1 : Hardware Architecture.

high-speed modem applications and particularly
V.32 modems. The only other components in the mo-
dem engine are the external RAM chips used for the
far-end echo canceller delay line and the Viterbi de-
coder.

2.2 PROCESSOR AND MAFE CHIPS ARRAN-
GEMENT

Figure 1 shows the interconnections between the
MAFE and signal processors.

T T T T T T T T T T T e m T T m T K
! 1
! '
: 4K*16 :
)
] > RAM :
' 1
: DO-D15 '
4 '
' '
' ABATY DO-D15 '
] Echo !
H Cancelter !
i ADOADT | ts75¢320 '
' )
' ooor [ TXMAFE | !
L}
' TS 68950 :
L}
1
DOHD7Hy ADO-AD? [ Transmitter | 2221 : ;:lephone
To ! TS75C321 [ i Line
Control | Receiver Rx MAFE :
Processor, ADO-AD7 ecH DO-D7 D007 :
H TS75C322 |20 TS 68951 !
' ABATY |
! TXCLK RXCLK 1
L}
i :
. p1o7 | Clock Gen. '
' DB-D15 D0-D7 '
)
; K16 TS 68952 :
1
! RAM ,
[ :
! L
! 1
D e = o e e = o . —  — — — —— — — — . e .- ——————— N
M88TS75C32-01
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DSP 1 communicates with the control processor
through its system bus, AD0-AD?7. ltis also connec-
ted to the two other DSPs through its D0-D7 and D8-
D15 data buses to transfer data, to pass a control
command to the DSPs and to get the modem ope-
ration status and then pass it to the control proces-
sor. The transmitter, V.32 handshake and partofthe
receiver algorithms are implemented in this proces-
sor. DSP 0 implements the echo cancellation func-
tion. 4Kx16 of RAM are connected to this processor
to implement the data delay line for the far end echo
cancellation. DSP 2 implements most of the recei-
ver functions. 2Kx16 of RAM are attached to it due
to the requirements of the Viterbi decoder.

The transmitter interface chip, TS68950 [see ref 5
of Appendix D], is connected to the 8 MSB's of the
DSP 1 data bus. The echo replica is sent from DSP 1
to TS68950 then to the receiver interface chip,
TS68951 [see ref 6 of Appendix D], after conversion

to analog format. This chip and the clock generator
chip, TS68952 [see ref 7 of Appendix D], are
connected to the 8 MSB’s of the DSP 2 data bus.
The clock generator chip generates the A/D and D/A
sampling clocks and the data bit and baud rate
clocks.

2.3. OPERATION

2.3.1. MODES. The modem implementation is fully
compatible with many CCITT and Bell recommen-
dation. It operates at different bit rates from 9600 to
300 bps. In the 9600 bps mode, the trellis encoder
and the Viterbi decoder can be switched in or out.
Both the bit rate and trellis options are determined
during the initial modem handshake sequence.
During FSK Modes (Bell 103, V.21 and V.23) a byte
of information is exchanged with the Data Pump.
This byte is a sampling image (7.2 KHz) of the
Transmit circuit (TxD) of the junction.

Figure 2 : Functional Block Diagram (V.32 operation).

TS75C321

DTMF & Tones TS68950

Generator

Shaping ) ATO
e

i Trellis
scumie|—] ot )
Command [~ TS75C320 et Conceler
Data Interpretor - J e
Bus 2 [
L e | )
User B L .LEl
o ) T875C322 TS68951
INTL=——] Interface | ..
l | Viterbi
L | e Equalizer @ (—)— Filter RAl
] ¥ v
Tone Timing AGC Carrier
Detector tecovery Control Detect TxClocks RxClocks
1
T 2 Clocks
Generator
L
TxSClk Rx & Tx Clocks
M88TS75C32-02
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2.3.2. SIGNAL SPECTRUM SHAPING. A square
root of 12.5 percent roll-off raised cosine filter is im-
plemented in the transmitter to properly shape the
transmit signal pulse. This filter is chosen based on
a compromise of two considerations. First, the si-
gnal should have a narrow spectrum to avoid severe
distortion on the telephone line. Second, the signal
spectrum should be made as wide as possible to fa-
cilitate timing recovery in receiver.

2.3.3. ECHO CANCELLATION. The echo canceller
is implemented on a single DSP [see ref 8 of Appen-
dix D] with its associated external RAM. It cancels
both near-end and far-end echoes even in the pre-
sence of frequency offset in the far-end echo path.
The near-end echo cancellation is better than 55 dB
and the residual near-end echo is smaller than - 65
dBm with a near-end echo level of - 10 dBm at the
receiver input and a far-end signal level of - 43 dBm.

The combined near-end and far-end echo cancel-
lers maintain the residual echo level 24 dB below
the received signal even if the far-end echo signal
path introduces up to 10 Hz of frequency offset. This
level of cancellation is achieved when the far-end
echo is 8 dB below the received far-end signal.

2.3.4.RECEIVER DESCRIPTION. The incoming si-
gnal is sent to the receiver interface chip to have the
echo removed before being sent to DSP 2. The ti-
ming recovery algorithm takes the signal after the
echo cancellation to derive the timing errorto control
the sampling phase of the A/D. Itis able to cope with
distant modem frequency drifts upto+ 2.10" as per

CCITT rec. The A/D output samples are sent to the
adaptive equalizer and the signal energy estimator
for the gain control. The adaptive equalizer outputs
acomplex number every baud interval, whichis then
phase corrected by the carrier recovery loop. The
Viterbi decoder makes hard decisions on the phase
corrected samples for the adaptation of the equali-
zer and carrier recovery. It also makes soft decisions
with an optimum decoding depth.

2.3.5. EQUALIZATION. The modem receiver has a
passband T/3 fractionally spaced automatic adap-
tive equalizer which can compensate for the signal
degradation caused by low quality line conditions.

2.3.6. SYNCHRONOUS AND ASYNCHRONOUS
DATA TRANSFER. The TS75C32 modem engine
provides the control processor and the DTE with
both the transmit and the receive bit clocks (Fi-
gure 3). These clocks are generated by the
TS68952 and are independent of each other. The
receive clock (RxCLK) is derived from the received
data signal. The transmit clock (TxCLK) is free-run-
ning at the nominal bit rate except during Digital
Loopback Mode when it is synchronous to the
RxCLK. If the transmit clock is free-running and an
external bit clock signal from the terminal is connec-
ted to point TXSCLK then the transmit bit clock will
be synchronized to that signal. The baud clocks
(TxRCLK and RxRCLK) are also available to the
control processor. If the TxXSCLK pin is not used, it
should be tied to a fixed logic level.

Figure 3 : Clock Signals for Synchronous Transmission.
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The control processor interface is synchronous with
the transmit baud clock. Eight bits of data are trans-
ferred from the control processor to DSP 1 for each
information exchange. At 9600 bps, the data is
transmitted every 2 bauds and the data is transmit-
ted every 4 bauds for 4800 bps. The received bits
are also nominally transferred from DSP 1 to the
control processor once every two transmit baud in-
tervals. When the transmitter is not synchronized
with the receiver, however, the receive baud inter-
val may be slightly shorter or longer than the trans-
mit baud interval. If it is shorter, it is necessary to pe-
riodically pass 16 received bits from DSP 1 to the
control processor. If it is longer, then periodically,
there will be no data transmitted from DSP 1 to the
control processor. Since the received bits are being
passed to the DTE at a fixed rate equal to the
RxCLK, some buffering is necessary in the control
processor.

For asynchronous transmission, the clocks are not
required by the DTE. But since the control proces-
sor to DSP 1 interface is still synchronous with res-
pect to the transmit baud clock, the control proces-
sor must implement the asynchronous to synchro-
nous conversion (as specified in the V. 22 bis re-
commendation, for example). This will consist of in-
serting or deleting stop bits as required, to ensure
that the transmitted bit rate is within 0.01 % of the
nominal rate (9600 or 4800 bps).

2.3.7. CLOCK AND DATA SYNCHRONIZATION.
Both transmit and receive clocks have the same no-
minal frequency value. However, except in FSK
Modes, these clocks are plesiochronous. The nomi-
nal frequencies are :

Mode |TxCLK|TxRCLK|Byte/lrq Rate
V.32TCM| 9.6K 2.4K 1/2 9600bps Trellis|
V.32QAM| 9.6K 2.4K 1/2  |9600bps QAM
V.32QAM| 4.8K 2.4K 1/4 4800bps
V.22Bis 2.4K 600 1/8 2400bps
V.22 1.2K 600 1/16 |1200bps
v.22 600 600 1/32 |600bps
Bell212A | 1.2 K 600 1/16 |1200bps
V.23 7.2K 1.2K 1/3 1200/75bps
Bell103 | 7.2K 1.2K 1/3 | 300bps
V.21 7.2K 1.2K 1/3 | 300bps

The TxCCLK is always 7.2 KHz. The TXMCLK is al-
ways set to 2.4 KHz after a configuration command
(ev32, cv22b...), but can be changed by a cmafe
command.

During the Hansdshake (V.32 and V.22bis) the bit
clock (TXCLK and RxCLK) is set to the maximum

value (respectively 9600 Hz and 2400 Hz). At the
end of the handshake, depending of the negocia-
tion, this frequency is automatically set to the pro-
per value.

The Irg Rate is always 2400 interruptions by second.
The Byte/Irq is the nominal ratio of number of Byte
of information (data) for each Irq generated by the
data pump. The 1/2 ratio means that we have to
send (xmiti command) 1 byte of data each two Irq,
the additional Irq can be used to send an extra CCl
command or must be a nop command.

2.3.8. TONE GENERATOR. The TS75C32 Engine
has thirteen tone commands to quickly program the
tone generators to generate the 2100 Hz Answer
Tone (ANSWR) and the tone pairs for DTMF digits
(DTMFQ, ..., DTMF9, DTMF*, DTMF#). Silence, i.e.
termination of tone generation, is accomplished by
the use of a fourteenth command, SLNTS. These
commands provide the tones and control required
for normal operation of the modem.

Some circumstances might arise where additional
tones are desired. For such cases, the V.32 Engine
provides the user with the ability to generate such
additional tones. This special feature is achieved
through use of the tone control commands.

The TS75C32 Engine maintains a pair of locations
which are reserved for tone generation parameters.
These locations are denoted as TONE1 and
TONE2. These locations may be programmed by
the use of the define tone commands, DEFT1 and
DEFT2. These commands provide the two tone
generators with the phase increment of the tone to
be generated with respect to the 7200 Hz sample
rate.

The normal tone commands automatically program
the tone generators. The DEFT1 and DEFT2 com-
mands do not change the enabled or disabled state
of the tone generators. If a tone is being generated
when the DEFT command is received, the new tone
will be generated without further action on the part
of the user. If tone generation was not in progress it
is not started.

Enabling the tone generators is accomplished by
the tone control commands TGENO, TGEN1,
TGEN2, and TGEN12. Each of these commands af-
fects both tone generators. TGENO disables both
tone generators and TGEN12 enables both tone
generators. To enable tone generator 1 and disable
tone generator 2 the TGEN1 command is used. For
the reverse condition, with generator 1 disabled and
generator 2 enabled, the TGEN2 command is em-
ployed.

I<s73 SGS-THOMSON 7/45
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Refer to the command in appendix A for more de-
tailed information.

Generation of special user tones is not part of the
normal data communications operations of the mo-
dem. Use of this feature may interfere with data
transfer operations. It is the responsability of the
user to insure that the tone generators are used at
a time when such interference will not occur and to
disable both tone generators when the tone gene-
ration operations have been completed.

2.3.9. TEST MODES.The modem can be configu-
red in two test modes, namely analog loop back and
digital loop back modes. These loop back modes
conform to the test loops 3 and 2 respectively defi-
ned in CCITT recommendation V.54.

In the local analog loop back mode, the transmitter
signal is directly fed back into the local receiver in-
put with the echo canceller enabled. The user is re-
sponsible for supplying a switch, which is control-
lable by the control processor, to enable or disable
the analog loop back mode. The receiver descram-
bler is set as the inverse of the transmitter scram-
bler so that the receiver detects correct bits.

If the modem is configured in the digital loop back
mode, the transmitter clock is locked to the receiver
clock and the received bits are used as the trans-
mitter input.

2.3.10. POWER ON INITIALIZATION. When the
power is turned on, the transmitter interface sets the
output signal attenuation to infinite. This avoids un-
desirable signal transmission on the telephone line
[see ref 5 of Appendix D]. The gain of the AGC in
the receive interface is set at the lowest level to
avoid signal clipping during the initial handshake.
The clock generator is programmed to generate all
the necessary clocks for the 9600 bps mode. The
clocks include the 7200 Hz sampling clock, the
2400 Hz baud rate clocks and the 9600 bps bit rate
clocks. The transmit clocks are free running when
the TxSClk pin is tied to a fixed logic level. Other-
wise, the transmit bit clock is synchronized to the
frequency present at the TxSClIk pin. DSP 1 is confi-
gured properly to receive commands from the
control processor.

2.4. MODEM INTERFACE [Figure 4]

2.4.1. ANALOG INTERFACE. The transmit signal
atthe tip and ring is programmable over a 22 dB dy-
namic range by 2 dB steps in TS68950. The signal
level can be further scaled to any value by setting a
scaling factor in the DSP. The nominal Transmit le-
vel, at the ATO pin is — 5.7 dBm.
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2.4.2. DIGITAL INTERFACE. The DSP and control
processor interface complies with the system bus
interface of the ST18930. The interface to the
control processor is managed by DSP 1 as shown
in Figure 1. The DSP signals which are presented
to the interface, and a brief definition of the signals
are tabulated in table 1.

Table 1 : Digital Interface Signals.

Interface Signals Signal Definition
DOH Data Bus (LSB)
D1H Data Bus
D2H Data Bus
D3H Data Bus
D4H Data Bus
D5H Data Bus
D6H Data Bus
D7H Data Bus (MSB)
RWL Write Signal
DSL Data Strobe
INTL Mailbox Handshake
CSL DSP Select
RSL Register Select
TxRCLK Transmit Baud Rate Clock
TxRCLK Receive Baud Rate Clock
TxCLK Transmit Bit Rate Clock
RxCLK Receive Bit Rate Clock
TxMCLK Transmit Multiplex Clock
RxMCLK Receive Multiplex Clock
TxSCLK Transmit Terminal Clock

All information exchanges across this interface
conform to the three byte mailbox structure [see ref
4 of Appendix D] and protocol of the DSP. As may
be seen in the table, the DSP generates a control
signal, INTL, which defines the mailbox handshake
operation.

2.4.3. CONTROL PROCESSOR/DSP INTER-
FACE. As seen by the software in the user provided
control processor, DSP 1 is a synchronous machine.
It requires the attention of the control processor at
regular intervals in order to perform properly. Any
failure of the control processor to interact with the
modem engine in a timely manner will result in re-
duced performance or improper operation.

Each interaction begins when the control processor
sends a three byte command to the mailbox. Once
the command has been written to the mailbox, the
ownership of the mailbox is relinquished by the
control processor. Upon acquisition of the mailbox,
DSP 1 reads the command bytes and then sends a
three byte response to the mailbox. Then, DSP 1 re-
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linquishes the ownership of the mailbox back to the
control processor. The received command is then
decoded and the embedded data and/or operatio-
nal parameters are extracted and acted upon as ap-
propriate. The modem status information will be col-
lected for the next mailbox exchange. The control
processor handles the returned information as soon
as it regains the ownership of the mailbox.

Because the control processor owns the mailbox ini-
tially, it may store a command at any time before it
is required by DSP 1. After this, the mailbox be-
comes available to DSP1 and can be read by itwhen
required.

2.4.4. MAILBOX DESCRIPTION.The mailbox loca-
ted internally to the DSP contains 3-byte input (RIN)
and 3-byte output (ROUT) shift registers. The DSP
has an internal flag RDYOIN which indicates whe-
ther the DSP (RDYOIN = 0) or control processor
(RDYOIN = 1) has access to the mailbox. The DSP
can relinquish its accessability to the mailbox by set-
ting RDYOIN but it can no longer regain access to
the mailbox as RDYOIN is reset only after the control
processor relinquishes its accessability to the mail-
box. The access protocol and system bus transfers
are controlled by an internal I/0O sequencer within
the DSP described as follows :

1. The mailbox is made available to the control pro-
cessor by the DSP program which sets RDYOIN -

Figure 4 : Functional Interconnect Diagram.

flag to 1. This action will cause INTL mailbox
handshake signal to switch to the active (low)
state.

. The control processor detects INTL active and

dummy reads the mailbox by forcing DSP Select
(CSL) and Register Select (RSL) low along with
write signal (RWL) high. The activated Data
Strobe signal (DSL = 0) validates the above si-
gnals.

. The DSP detects the dummy read of its mailbox

via the control signals mentionedin 2 and negates
INTL mailbox handshake signal within 800 ns.

. The control processor detects the negation of

INTL indicating that the DSP mailbox is available
for data transfers. The control processor writes
three 8-bit bytes and/or reads three 8-bit bytes in
the mailbox shift registers RIN, ROUT respecti-
vely.

. The exchange protocol described above is termi-

nated by the control processor performing a dum-
my read of the mailbox as in 2 but with RSLin the
high state.

. The RDYOIN flag within the DSP is cleared to 0

by the dummy read of the mailbox in step 5 and
the DSP now has access to RIN and ROUT re-
gisters within the mailbox.
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3. USER INTERFACE - COMMAND SET

The command set has the following attractive fea-
tures :

- user friendly with easy to remember mnemonics

- allows straightforward expansion with new com-
mands to suit specific customization require-
ments

- fully compatible with other SGS-THOMSON
DSP-based modem products.

The command set has been designed to provide the
necessary functional control of the TS75C32. Each
command falls into one of several groups, based on
function and the presence or absence of parame-
ters. The length of the OP code varies with instruc-
tion type, but in all cases, a command consists of
three bytes.

The commands which pass parameters or data to
DSP 1 have a short OP code format. Byte 0 forms
the OP code portion of the command. Bytes 1 and
2 are data and/or parameters associated with each
OP code. The meaning of the last two bytes is de-
pendent on the specific instruction.

Other instructions command the TS75C32 to per-
form certain specific tasks. These do not pass pa-
rameters or data to the TS75C32. These commands
have an OP code which is a full 24 bits in length.

The command set of the TS75C32 is summarized
below. The descriptions are of the form :

MNEMONIC (OPCODE) : DESCRIPTION.

For detailed information and data format specifics
of each command, please refer to appendix A.

3.1. COMMAND SUMMARY

3.1.1. OPERATIONAL CONTROL COMMANDS.
FREZ (14) : Freeze adaptive processes. Freeze the
adaptive processes as specified by the data in bits
0 and 1 of byte 1. Bit 0 of byte 1 controls the adap-
tive equalizer. Freeze the equalizer if bit 0 of byte 1
is 1. A 0 in this bit will unfreeze the equalizer. Echo
canceller adaptation is controlled by bit 1 of byte 1.
if bit 1 is 1, the echo canceller adaptation is frozen.
The echo canceller adaptation is unfrozen by a 0 in
bit 1.

HSHK (040000) : Handshake. Begin the handshake
sequence. The V.32 modem engine carries out all
the steps defined in the CCITT recommendation.
The status reported to the control processor will in-
dicate the success or failure of the process and its
progress.

INIT (0600CO0) : Initialize. Initialize the V.32 modem
engine. Set all parameters to default values and wait
for commands for the control processor.

10/45

E'l' SGS-THOMSON

NOP (000000) : No Operation. No new operation is
commanded. The state of the V.32 engine remains
unaltered and a previously invoked multi-baud com-
mand (such as HSHK) continues.

RTRA (050000) : Retrain. Start sending the retrain
sequence as defined in the CCITT recommenda-
tion.

SETGN (02) : Set Gain. This command sets a glo-
bal gain factor, which will be multiplied by all trans-
mit samples before being sent to the TS68950.
Bytes 1 and 2 store the gain factor.

3.1.2. DATA COMMUNICATIONS COMMANDS.
XMIT (03) : Transmit data. Transmit data to far end
modem. The data is provided in byte 1 of the com-
mand, where the least significant bit is the first bit to
be transmitted. The third byte of the command must
be provided, but is not used. Hence, any value may
be supplied.

XMITI (01) : Transmit data and Initiate additional cy-
cle. Transmit data and inform the DSP to accept
another command at the next transmit baud. If the
next command requires an answer from DSP 1, the
control processor has to keep issuing this command
followed by a command which does not requires an
answer until the answer has been received.

3.1.3. MEMORY. MANIPULATION COMMANDS.
SPAC (13) : Store Parameter And Count. Store pa-
rameter in addressed memory and increment the
pointer. This command passes data in bytes 1 and
2, least significant byte in byte 1. It is used to write
an arbitrary 16-bit value into the writable memory lo-
cation currently specified by the Memory Address
Register. The contents of the Memory Address Re-
gister are incremented by 1 at the completion of this
command.

SPAM (12) : Store parameter in Addressed Memo-
ry. This command passes data in bytes 1 and 2,
least significant byte in byte 1. It is used to write an
arbitrary 16-bit value into the writable momory loca-
tion currently specified by the Memory Address Re-
gister.

WARP (10) : Write Address and Return Parameter.
This command allows the controller to read any of
the XRAM, YRAM, ERAM or CROM (DSP internal
memory areas) of any of the three modem DSPs wi-
thout interrupting the processors. The address to
the V.32 modem engine is provided in bytes 1 and
2 of the command (least significant byte first). DSP
1 stores the address in the Memory Address Regis-
ter and returns the contents of the addressed
location.

MICROELECTRONICS

264



TS75C32

WARPX (11) : Write Address and Return Parame-
ter Complex. The address to the V.32 modem en-
gine is provided in bytes 1 and 2 of the command
(least significant byte first). DSP 1 stores the ad-
dress in the Memory Address Register. The most si-
gnificant bytes of the real and imaginary parts of a
complex number are returned. The 8 most signifi-
cant bits of the data addressed by the Memory Ad-
dress Register are returned to the control processor
through byte 1. Byte 2 stores the 8 most significant
bits of the data at the location immediately higher.
The Memory Address Register retains the address
provided. (i.e. it is not incremented.)

3.1.4. CONFIGURATION CONTROL COMMANDS
CV32 (20) : Configure modem for V.32. Configure
the modem as Originate / Answer, 9600/4800, Vi-
terbi / No-Viterbi, Analog Loopback, Digital Loop-
back.

CFSK (1D) : Configure modem for FSK modes of
operation (V.23/V.21/Bell103).

Cv22B  (1E) Configure
V.22Bis/V.22/Bell212A modes.

3.1.5. MAFE MANIPULATION COMMANDS.
CMAFE (07) : Configure MAFE. The following two
bytes of this command are written directly to the
MAFE chip set (TS68950/1/2). This allows the
control processor to configure parameters, such as
the transmit level, the receiver analog front end, and
the transmit and receive clocks.

RRR1 (080000) :-Read Register 1. Causes the
TS75C32 Engine to read and immediately returnthe
12 bit contents of the MAFE register RR1.

RRR2 (090000) : Read Register 2. Causes the

TS75C32 to read and immediately return the 12 bit

contents of the MAFE register RR2.

WTR1 (0A) : Write Register 1. Causes the TS75C32

to write the supplied data to the MAFE register TR1.

WTR2 (0B) : Write Register 2. Causes the TS75C32

to write the supplied data to the MAFE register TR2.

3.1.6. TONE SELECT COMMANDS.

TONE (0C) : Select Tone. Program the tone gene-

rator(s) for the desired tone(s). Examples include :

- ANSWR (0C1000) : Program the tone generator
for the 2100 Hz answer tone.

- DTMF (see appendix) : Program the tone gene-
rators for the tone pair which forms the specified
DTMF digit.

This command selects the tones to be transmitted,

but does not enable the tone generators. To trans-

modem  for
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mit the tones, the tone control commands must be
issued.

3.1.7. TONE CONTROL COMMANDS

DEFT1 (OE) : Define Tone 1. Define tone 1 as spe-
cified by the parameter provided. The two data bytes
following the opcode are used to program, but not
enable, tone generator 1. The data for the tone is
represented as a phase offset per sample. Byte 1
stores the least significant byte of the phase incre-
ment.

DEFT2 (OF) : Define Tone 2. Define tone 2 as spe-
cified by the parameter provided. The two data bytes
following the opcode are used to program, but not
enable, tone generator 2. The data for the tone is
represented as a phase offset per sample. Byte 1
stores the least significant byte of the phase incre-
ment.

SLNT (0D0000) : Silence the tone generators. Dis-
continue tone transmissions by disabling the tone
generators.

TGEN (0D) : Tone Generator control. Enable or di-
sable tone generator 1 and tone generator 2 accor-
ding to parameter provided. If both tone generators
are enabled, the level of tone 2 is 2 dB higher than
that of tone 1.

3.2. STATUS REPORTING

Whenever DSP 1 owns the mailbox, it transmits the
modem status to the control processor. The status
consists of three bytes of information which are sto-
red by DSP 1 in its ROUT register for access by the
control processor. These three bytes may consist of
received bits and modem status or they may contain
the answers to the previous command, such as
WARP and RRR1/2.

Data bits have higher priority than the answer to the
previous command. If both data byte and command
answer are ready to be sent, the data will be sent.

Byte 0 contains status flags. Refer to appendix B for
the detailed format of the status response. The four
most significant bits, FOO, FO1, F10 and F11, indi-
cate various conditions during the call establish-
ment, handshaking and the data modes. They have
different meanings in different modes. The flag
DAV1 and DAV2 are used to indicate the type of in-
formation contained in bytes 1 and 2. Bit H is used
to indicate the condition of the handshake and bit
107 informs the control processor whether the 107
flag has to be set.
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DAV1 and DAV2. If both DAV1 and DAV2 are set
to 1, bytes 1 and 2 contain the data in response to
the previous command. Refer to the relevant com-
mands in appendix A to get the detailed information
on the interpretation of the data in bytes 1 and 2.
Otherwise, they contain either the received data bits
or the handshake detection status or both.

If both bits are setto 0, both byte 1 and byte 2 contain
the data bits, where the bits in byte 1 are received
earlier in time. The least significant bit is the first bit
received. The data bits are stored in byte 1 and the
modem status is stored in byte 2 when DAV2 is 1
and DAV1 is 0. When DAV1 is 1 and DAV2is 0, the
control processor should ignore the data in byte 1
and get the detection status from byte 2.

During handshake operations the TS75C32 reports
the detection status regularly. When the rate se-
quence is received, it will be transferred in byte 1 of
the response. Each bit in byte 2 indicates the detec-
tion of a specific event in the training sequence. It
has different meanings for calland answer modems.
For detailed information, refer to appendix B. During
the data mode, byte 2 is always provided, butis used
only when there are two bytes of data to transmit.
This occurs occasionally when the receiver clock is
running faster than the transmitter clock.

F00-F11 bits. During the call establishment opera-
tion, the V.32 Engine reports call progress tones
through the FO1 and FOO flags. FOO is set to 1 when
the signal energy in frequency band 1 is above the
threshold level. FO1 is set to 1 when the signal en-
ergy in band 2 is above the threshold level. Detec-
tion of the 2100 Hz answer tone is indicated by set-
tingthe F10flagto a 1.

During handshake operations, all four bits are used
to indicate the line condition and some detection re-
sults. FOO is set to 0 if the line quality is good and 1
if it is bad. FO1 is set to 1 if any segment in the trai-

3.3. COMMAND LIST
OPERATIONAL CONTROL COMMANDS

ning sequence is not detected within a time out. This
bit can be used to indicate a non V.32 detection if
either AA is not detected in the answer modem or
the AC is not detected in the call modem. Both FOO
and FO1 are setto 1 whenanillegal mode ora GSTN
cleardown is received in the rate sequence.

The detection of the rate sequence is reported in the
flags F11 and F10. When the modem is operating
at 9600 bps without trellis coding, these bits are both
set to 0. With trellis coding at 9600 bps, F11 is set
to 1 and F10 is cleared to 0. For 4800 bps, 0 and 1
will be placed in F11 and F10, respectively. When
both F11 and F10 are set to 1, the modem has ne-
gotiated with the far end modem and determined
that the maximum negotiated operating speed is
2400 bps.

During data mode, the perceived line quality is re-
ported in the flags FO1 and F00. The line conditions
are reported as either good (code 00), poor (code
01), or terrible (code 10). The code 10 should be in-
terpreted as a local modem retrain request. Upon
receipt of this code, the controller can issue the
RTRA command to begin the retrain procedure. The
code 11 is used when the remote modem begins a
retrain sequence. The control processor is then res-
ponsible for manipulating the appropriate data com-
munications interface signals.

H and 107 bits. When the TS75C32 is commanded
to perform the CCITT handshake sequence, the H
bit will be set to 1 for the duration of the handshake
operation. At the successful completion of the hand-
shake operation the H flag will go to 0 and the control
processor is then responsible for manipulating the
appropriate data communications interface signals.
e.g. 106 and 109. The 107 flag is set to a 1 to indi-
cate that the controller should assert signal 107 on
the data communications interface.

Command OP Code A
Mnemonic (HEX) Description
uFzec 170000 Unfreeze Echo Canceller
Frezq 1B0000 Freeze the Equalizer Adaptation
Frezc 160000 Freeze the Echo Canceller Adaptation
uFzeq 1C0000 Unfreeze Equalizer
hshk 040000 Handshake with Other Modem
init 0600C0 Initialize Modem
nop 000000 No Operation
rtra 050000 Retrain
setgn 02 Set the Scaling Factor for the Transmitter
12/45 R
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DATA COMMUNICATIONS COMMANDS

Command OP Code e
Mnemonic (HEX) Description
xmit 03 Transmit Data
xmiti 01 Transmit Data and Initiate Additional Transfer
MAFE MANIPULATION COMMANDS
Command OP Code -
Mnemonic (HEX) Description
cmafe 07 Configure MAFE Chipset
rred 080000 Read MAFE Reg RR1
rrr2 090000 Read MAFE Reg RR2
wirl 0A Write MAFE Reg TR1
wir2 0B Write MAFE Reg TR2
TONE SELECT COMMANDS
Command OP Code -
Mnemonic (HEX) Description
answ 0C1000 Select 2100 Hz Answer Tone
dtmf 0 0C0000 Select DTMF Digit 0
dtmf 1 0C0100 Select DTMF Digit 1
dtmf 2 0C0200 Select DTMF Digit 2
dtmf 3 0C0300 Select DTMF Digit 3
dtmf 4 0C0400 Select DTMF Digit 4
dtmf 5 0C0500 Select DTMF Digit 5
dtmf 6 0C0600 Select DTMF Digit 6
dtmf 7 0C0700 Select DTMF Digit 7
dtmf 8 0C0800 Select DTMF Digit 8
dtmf 9 0C0900 Select DTMF Digit 9
dtmf * 0COE00 Select DTMF Digit *
dtmf # 0COF00 Select DTMF Digit #
tone 0C Select Tone (s)
CONFIGURATION CONTROL COMMANDS
Command OP Code Lo
Mnemonic (HEX) Description
cv32 20 Configure Modem for V.32
CFSK 1D Configure Modem for FSK (V.23 / V.21 / Bell 103)
cv22B 1E Configure Modem for V.22 / V.22 bis / Bell 212A
cb21 26 Configure Modem for V.21
cb212 27 Configure Modem for Bell 212
cb103 28 Configure Modem for Bell 103
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MEMORY MANIPULATION COMMANDS

Command OP Code

Mnemonic (HEX) Description
spac 13 Write MEM and Increment MEM Pointer
spam 12 Write MEM
warp 10 Write MEM Pointer & Read MEM
warpx 11 Write MEM Pointer & Read MEM & MEM + 1

TONE CONTROL COMMANDS

Command OP Code

Mnemonic (HEX) Description
deft1 OE Define Tone 1
deft2 OF Define Tone 2
sint 0D0000 Transmit no Tone
tgen 0 0D0000 Tone Generators Disabled
tgen 1 0D0100 Tone Generator 1 Enabled
tgen 2 0D0200 Tone Generator 2 Enabled
tgen 12 0D0300 Tone Generators 1 & 2 Enabled

4. ELECTRICAL SPECIFICATIONS
4.1. MAXIMUM RATINGS :

TS75C320/1/2
Symbol Parameter Value Unit
Veer Supply Voltage -03to 7.0 Vv
Vin+ Input Voltage -03t07.0 \
Ta Operating Temperature Range 0to 70 °C
Tstg Storage Temperature Range - 55to 150 °C

* With respect to V ss.
Stresses above those hereby listed may cause permanent damage to the device. The ratings are stress ones only and functional operation
of the device at these or any conditions beyond those indicated in the operational sections of this specification is not implied. Exposure to
maximum rating conditions for extended periods may affect device reliability. Standard MOS circuits handling procedure should be used to
avoid possible damage to the device.
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TS68950/1/2
Symbol Parameter Value Unit
Supply Voltage between V + and AGND or DGND -03to+7 \"
Supply Voltage between V - and AGND or DGND -7t +03 \'}
Voltage between AGND and DGND -03to+03 \
Digital Input Voltage DGND - 0.3 to V¢c' + 0.3 \'
Digital Output Voltage DGND - 0.3 to V¢¢' + 0.3 \
Digital Output Current —20to + 20 mA
Analog Input Voltage Vee = 0.3t0 Vet + 0.3 \
Analog Output Voltage Ve — 0.3to Ve + 0.3 \
Analog Output Current -10to + 10 mA
Power Dissipation 500 mwW
Toper Operating Temperature 0to+ 70 °C
Tstg Storage Temperature - 6510 + 150 °C
4.2. DC ELECTRICAL CHARACTERISTICS DGND =AGND =0V
Digital Supply
Vee=5.0V+10 %, Vss =0, Ta=0to + 70°C (Unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit
Vee Supply Voltage 45 5 55 \'
Vi Input Low Voltage -03 0.8 \"
Vi Input High Voltage 24 Vee A

Iy Input Extal Current - 50 +50 HA
lin Input Leakage Current -10 10 HA
Vou Output High Voltage (lipad =— 300 pA) 27 \
Vou Output Low Voltage (ljpag = 3.2 mA) 0.5 '
Pp Total Power Dissipation 1.5 w
Cin Input Capacitance 10 pF
Itsi Three State (off state) Input Current -20 -20

Note 1 : Case temperature Tc must be maintained below 100 °C.

Analog Supply

Symbol Parameter Min. Typ. Max. Unit
v Positive Power Supply 4.75 5.25 \
' Negative Power Supply -5.25 - 4.75 \4
[ Positive Supply Current 35 mA
1~ Negative Supply Current -35

K7 35 THONSRY ==
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4.3. AC ELECTRICAL SPECIFICATIONS

4.3.1. CLOCK AND CONTROL PINS TIMING
(Vec=5.0V£10 %, Ta=0°to + 70°C, see figure 5)
OUTPUT LOAD = 50 pF + DC characteristics | load

REFERENCE LEVELS: ViL:08V  ViH:24V

VoL:1.4V  Von:2.4V tr, tf <5 ns for input signal

Symbol Parameter Min. Typ. Max. Unit

teex External Clock Cycle Time Tc =4 X teex 40 100 ns

Tec =2 X teex 50 200 ns

Tc =tcex 40 100 ns
trex External Clock Fall Time 5 ns
trex External Clock Rise Time 5 ns
tcoh EXTAL to CLKOUT High Delay 25 ns
teol EXTAL to CLKOUT Low Delay . 25 ns
teor CLKOUT Rise Time 10 ns
teof CLKOUT Fall Time 10 ns
tdic CLKOUT to Control Output Low (INTL) 30 ns
tahe CLKOUT to Control High (INTL) 30 ns

Figure 5 : Clock and Control Pins Timing.

tcex

tfex trex
EXTAL e LJ /—L/
tcoh tcol
CLKOUT
INTL e
tdic ) )
M88TS7532-05
16/45 LNy SGS-THOMSON
Y/ NicaoELECTROWICS
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4.3.2. TS68952 : Clock Generator
CRYSTAL OSCILLATOR INTERFACE

Symbol Parameter Conditions Min. Typ. Max. Unit
Vi Input Low Level Voltage 15 \
Vin Input High Level Voltage 35 Vv
M Input Low Level Current| DGND < V| < Vi max -15 HA
IiH Input High Level Current| V|4 min < V| < V* 15 HA
CLOCK WAVE FORMS
Symbol Parameter Conditions Min. Typ. Max. Unit
PC Main Clock Period XTAL1 Input 150 173.6 ns
tweL Main Clock Low Level
Width XTAL1 Input 50 ns
tweH Main Clock High Level
Width XTAL1 Input 50 ns
trc Main Clock Rise Time XTAL1 Input 50 ns
trc Main Clock Fall Time XTAL1 Input 50 ns
toc Clock Output Delay All Clock Outputs CL=50 pF|
" 500 ns
Time
trc Clock Output Transition | All Clock Outputs CL=50 pF
X 100 ns
Time
Unless otherwise noted, electrical characteristics are specified over the operating range. Typical values are given for V*=5.0 V
and tgmp = 25 °C.
Figure 6 : Clock Generator.
PC |
_ tweH _ twel N
MAIN CLOCK [73.5 v \
INPUT
XTAL1
t
|- tee DC
\ 22V
CLOCK QUTPUTS
{9 CLOCKS)
} 08V
> tre
M88TS7532-06
LNy SGS-THOMSON 17145
Y/ wicroeECTRONICS
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4.3.3.LOCAL BUS TIMING
(Vcc=5.0V+10%, Ta=0"to + 70°C, see figure 7)

Symbol Parameter Min. Max. Unit
tpw RD, WR, SDS Pulse Width 1/21c - 10 1/2 ¢ ns
tAH Address Hold Time 10 ns
tpsw Data Set-up Time, Write Cycle 25 ns
toHw Data Hold Time, Write Cycle 10 ns
tozw DS High to Data High Impedance, Write Cycle 40 ns
tosr Data Set-up Time, Read Cycle 20 ns
tpHR Data Hold Time, Read Cycle 5 ns

tARw Address Valid to WR, SDS, RD Low 12tc-25 | ns

Figure 7 : Local Bus Timing Diagram.

YAH
ADDRESSES >>> >> ><
Upw
SDS v
' ARW
tpw
R/W —
N
t
ARW tpsw UDHw
DO-D15
DATA OUT DATA OUT )
tpsr IpHR
DO-D15 f
DATA I DATA IN —
tpw
SDS S
t
ARW t Al
" T
M88TS7532-07
18/45 [Ny SGS-THOMSON
Y/ wicroELECTRONIGS
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4.3.4. SYSTEM BUS TIMING
(Voo =5.0 V£ 10 %, Ta=0"to + 70°C, see figure 8)

Symbol Parameter Min. Max Unit
tspw SDS Puise Width 50 ns
tsaw SR/ W, ﬁ, RS Set-up Time 15 ns
tsan SR/ W, CS, RS Hold After SDS High 5 ns
tspsm Data Set-up Time, Read Cycle 15 ns
tsDHR Data Hold Time, Read Cycle 5 ns
tspsw Data Set-up Time, Write Cycle 30 ns
tspHw Data Hold Time, Write Cycle 10 50 ns
tosHIR SDS High to IRQ High 800 ns

Figure 8 : System Bus Timing Diagram.
'spw .
SDS /
L tsaw !sAH
SRW,CS
RS
[RWL,CSL,RSL] *
'sbsr 'SDHR
ADO-AD7
DATA IN DATA IN
[DOH-D7H]
tpspsw tSpH
ADO-AD7 < DATA OUT >h—
DATA OUT
‘pstoT 'DSHDT
DTACK }—*
'DSHIR
RQ
M88TS7532-08
+ Note : Signal names on Host Processor Interface.
LNy SGS-THOMSON 19/45
Y/ icroeECTRONICS
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5. PIN CONNECTIONS

TS75C320 - TS75C321 - TS75C322

M88TS7532-09

TS68951
ps []1 s ] pa
o6 [[2 27(] o3
p7 [3 26[] D2
E Iéd 2507 D1
R/W []5 24[] po
cso [J6 23[7 TxCCLK
cs1 47 22[7] RxCCLK
RSO []8 21[] ck
RS1 E 9 200 vt
DGND []10 19[] AGC2
EEI [n 18[] CD1
AGQ []12 17[] LEI
RFO E 13 16 :] RAI
\ E 14 5 J AGND
M88TS68951-01
20/45
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TS68950
D51 2 D4
ps[]2 23[] D3
o7[]3 2[]02
E[]4 21[] D1
RW []5 20{] oo
Ccso[]s 19[] TxceLK
cs1[]7 18[] CLK
rRso[]s [Jv*t
Rs1[]9 16[JEEO
DGND []10 15[JATO
TEST[] 11 14[JExi
v~ ]2 13[JAGND
M88TS68950-01
TS68952
05: 1 S 28 7] p4
D6 []2 27 [ ] 03
073 26 [] 02
E0s 25 [ o1
sw 15 24 [ TxCCLK
cse s 23 [ TxCLK
cs17 22 1] RxCLK
rso [} 8 21 [ RxCCLK
RS1[ ]9 20 [] RxRCLK
TOE 10 19 [ RxMCLK
Txscuk O 11 18 [ TxMCLK
pGio [ 12 17 v’
xTaL1 [ 13 16 [J TxRCLK
xTaL2 [ 14 15 [] cLk
M88TS68952-01
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5. PIN CONNECTIONS (continued)

TS75C320 - TS75C321 - TS75C322

'[1‘9 ID_f‘! D,_\7 D.-—|6 [l? D4 D3 D2 D1 DO LP BE3BE4

D10 0 h BSO
D11 1] b BSt
D12 [ h BS2
' D13 | h A1t
D14 [ i VCC
D15 ] PVee
Ves | h At0
Vss | h A9
XTAL ] n A8
EXTAL 1] n AD7
CLKOUT N AD6
RD [ [ AD5
WR N AD4
SRW__ CS RESET BE6 Vgg AD1  AD3
§08 AS RQ  BES  AD0  AD2  \aaTo75C32-05
TS68950 TS68951
D7 D6 D5 N/C D4 D3 D2 £ D7 Do DS D4 D8 D2
— — -] 1 1 ] M
£l 1 o1 RW [} 0 o1
a0 0 oo cso [ [ bo
— 1
csoll [ TxcoLK cs1 0  Tcolk
Rso [ [ RxCCLK
Ne [ [ cLK
Rrs1 [ 0 cLk
cst ] 0 ne
DGND V.
Rrso [ 0 v+ { Ovs
EEl [ U Agc2
Rs1 [ [ EEO
T J - [ T
o = AGCH \T V- ‘T RAI cD1
TEST V- NIC EXI ATO
DGND AGND M88TS68950-02 RFO AGND LBl M88TS68951-02
TS68952
D7 D6 D5 D4 D3 D2 Di
— 1 o} - — =l —
EQ [l TxCCLK
RW [ [ TxCLK
cso [ [ RxCLK
cs1 (i [ RxCCLK
RS0 [ [ RXRCLK
Rs1 [ 1 RxMCLK
To [} [J TXMCLK
T T j T
TxSOLKT XTAL1T CLK T Vi
DGND  XTAL2 TXRCLK M88TS68952-02
LNy SGS-THOMSON 21/45
Y/ MicRoELECTRONICS
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ORDERING INFORMATION

Part Number Temperature Range Package
TS75C320CP 0°Cto+70°C DIP48
TS75C321CP 0°Cto + 70 °C DIP48
TS75C322CP 0°Cto+ 70 °C DIP48
TS68950CP 0°Cto+ 70 °C DIP24
TS68951CP 0°C to + 70 °C DIP28
TS68952CP 0°Cto + 70 °C DIP28
TS75C320CFN 0°Cto + 70 °C PLCC52
TS75C321CFN 0°Cto+ 70°C PLCC52
TS75C322CFN 0°Cto+70°C PLCC52
TS68950CFN 0°Cto+70°C PLCC28
TS68951CFN 0°Cto+70°C PLCC28
TS68952CFN 0 °C to + 70 °C PLCC28

7. PACKAGE MECHANICAL DATA
TS75C320/TS75C321/TS75C322
48 Pins - Plastic Dip.
e mox e =254 e max 4,57 max
e e;ﬁeée;/,é%eie%e%e G?CA 16.1max.
cA i 0.51 mi
v il ™
LI N/ SN A _r O
5,08max | 7 i i
osmex PIKIAIRIA HIRIRIHIKH -
4 4 Y\, . ! R, | DE—— —-\ﬁ—
A i il T / A
A / ‘
31 0.38 1,77 max 0.2 02
39 0.508 =03 i
1524
>
4 V4 25
'||||||(||’-nr'1r1hr1|—|rr.
Datu F
m Ve
N/
Or L/ //
'U'U]O .CI'EJ“ O
T OO l_.r”
63.5max. 14
48 PINS
22/45 (N7 SGS-THOMSON
Y/ sacroELECTRONICS
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TS68950
24 Pins - Plastic Dip.

- —

Datum
} i (1) Nominal dimension

(2) True geometrical position

o
'J,_ll_lLJl_ll_ll_ll_lul_lLJl_ILf
1
14

L 32.6 max.

24 PINS

TS68951/TS68952
28 Pins - Plastic Dip.

e=254(2) 4.57 max
e,e e,eeje,e e e e, e e e 16.1 max.
Y i
T F-=.
5,08 max. i Hil '
+ MRAAIANRAARIA] e — !
i P A
U
L 31 038
39 0508
]
28 15
faiminiaisininisininininiaist
Datum

(1) Nominal dimension

j’_) e T (2) True geometrical position
Or

ULJLJl_II_IUl_JLJLJl_H_IUI;f

38.1 max. 14
m

28 eis

Ly7 SGS-THOMSON ' 23/45
Y/ iicrom cTRORICS
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TS75C320/21/22
52 Pins - Plastic Leaded Chip Carrier.

Pin 1 identification

19.050 18,54

19,202
)

46|

3

e=l,2733' e‘e‘e'eieieie.ei eieiﬁie.z__l <_r‘oﬂf:‘T 19,94
Typ. ) 20,19
52 Pins
TS68950/51/52
28 Pins - Plastic Leaded Chip Carrier.
3.95
415

28 Outputs

24/45 I
TR AL
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APPENDIX A
COMMAND SET DESCRIPTION

&7

cmafe - configure the TS68950/1/2
components of the V.32 Engine

INSTRUCTION TYPE
MAFE manipulation command

OPCODE
07

SYNOPSIS
cmafe address register code data

DESCRIPTION

cmafe is used to directly manipulate the operating
parameters of the TS68950/1/2 components of the
V.32 Engine. This is a low level command which al-
lows the controller to alter such things as the trans-
mit level, transmit timing, receive timing, and recei-
ver parameters, etc. The command consists of asin-
gle byte OPcode followed by a byte containing the
address code for the desired register and a data
byte for the addressed register. The data bytes will
be transferred in the order received and interpreted
by the addressed device. Refer to the data sheets
of the TS68950, TS68951, and TS68952 for pro-
gramming specifics.

BYTE 0 DEFINITION (OP CODE)

0 0 0 0 0 1 1 1

BYTE 1 DEFINITION

R R R 0 0 0 0 0

REG CODE (Refer to TS68950 Data Sheet).

BYTE 2 DEFINITION

* * * * * * * *

DATA BYTE (Refer to TS68950 Data Sheet).

SGS-THOMSON 25/45
MICROELECTRONICS
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APPENDIX A

CFSK - configure for FSK Modes

INSTRUCTION TYPE
configuration control command

OPCODE
1D

SYNOPSIS
CFSK al orig atn mode |l

DESCRIPTION

CFSK is used to select the FSK mode of operation.

BYTE 0 DEFINITION (OP CODE)

CV22B - configure for CCITT V.22Bis
Mode, CCITT V.22 and Bell 212A

INSTRUCTION TYPE
configuration control command

OPCODE
1E

SYNOPSIS
cv22B al mode orig atn LL guard fallback

DESCRIPTION

cv22B is used to select the CCITT V.22Bis mode of
operation. Select also, depending of Mode bits, the
V.22, V.22 600bps and the Bell 212A.

BYTE 0 DEFINITION (OP CODE)

0 0 0 1 1 1 0 1

0 0 0 1 1 1 1 0

BYTE 1 DEFINITION

BYTE 1 DEFINITION

0 0 0 0 AL |MOD1/MODO|ORIG

G1 GO 0 0 AL |MOD1/MODO|ORIG

BIT DEFINITION

AL Analog Loopback Enable
ORIG Answer mode/