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Silicon Systems’ Santa Cruz facility,
site of new six-inch wafer fabrication line.

Silicon Systems specializes in the design and manufacture of application-specific, mixed-signal integrated circuits
(MSICs™). If offers a sophisticated line of custom and standard ICs aimed primarily at the storage, communications
and automotive products marketplace.

The company, which is headquartered in California, 30 miles south of Los Angeles, was founded in 1972 as a design
center. It soon entered into manufacturing and today has three fabrication facilities in California and 2,000 employees
worldwide. Additional operations include assembly and test facilities in California and Singapore and design engineer-
ing centers in California as well as in Tokyo and Singapore.

Silicon Systems is a leader in the development of high performance, mixed-signal ICs for custom or standard
applications, in addition to providing pure analog or digital ICs. Reliability and quality are built into Silicon Systems’
products through the use of statistical problem solving techniques, analytical controls, and other quantitative methods.

Silicon Systems is committed to the goal of customer satisfaction through the on-time delivery of defect-free products
that meet or exceed the customer’s expectations and requirements. This statement reflects the corporate quality mission
and contains key elements instrumental in attaining true customer satisfaction. Listed in the back of this publication is a

worldwide network of sales representatives and distributors ready to serve you.
dilicon Systems

®

A TDK Group J Company

© 1991 Silicon Systems
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\dvanced and Preliminary Information
1this data book the following conventions
re used in designating a data sheet “Ad-
anced” or “Preliminary:”

idvance Information-

1dicates a product stillin the design cycle,
ndany specifications are based ondesign
oals only. Do not use for final design.

'reliminary Data—

dicates a product not completely re-
rased to production. The specifications
re based on preliminary evaluations and
re not guaranteed. Small quantities are
vailable, and Silicon Systems should be
onsulted for current information.
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32F8000
32F8011/8012
32F8020/8022
32F8021/8023
32F8030 .......c..... e e bbbt e 7-41
32F8120.

73D2180
73D2240 ..o
73D2247 ...
73D2247-F
73D2322
73D2404
73D2407

73K212/212L ...
73K221/221L
73K222/222L
73K222U
73K224L
73K302L
TBKBI2L ettt eeaae s ress e sanessaesenesessnnes
73K321L oo,
73K322L
73K324L

TBM214 (oot et e s *

SS1 Device Numbers Page #
TBM223....cooovmemsmnnsss s essessssssssssess s sessssmsosssssssssesenss 3-1
73M376 ... RSOSSN 2-165
73MA450L/450LF/1450/2450 .. 2-173
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75T2089/2090/2091 ..
75T980
78A207
78P233
78P234
78P236
78P2361
78P2362
78P300
78P7200
78Q903.....
78Q8330
78Q8360

Discontinued Parts List

The following parts are no longer supplied or supported by Silicon Systems. Please note alternate sources.

Part #
S§SI173D2291/92
SSI| 73D2331/32
SSI 73M235
SSI 73M670
SSI 73M3522
SSI 757957

SSI 78A400/420
SSI| 78P8050
SSI 78P8060

Alternate Source
None

None

None

None

None

Teltone

None

Rockweli
Rockwell



DISCLAIMER

All products listed herein and subsequently sold by Silicon Systems, Inc. are covered by the warranty, limitation
of liability and patent indemnification provisions reflected in the Silicon Systems Order Acknowledgement Form
only. Silicon Systems, Inc. makes no warranty, express or implied, statutory or by description regarding the
information set forth herein and/or freedom from patent infringement. Silicon Systems, Inc. reserves the right to
discontinue production, change specifications and prices at any time and without notice.

Applications requiring mechanical and electrical parameters outside of the published specifications are not
recommended without additional review and acceptance by Silicon Systems, Inc. Silicon Systems, Inc. further
assumes no responsibility for the use of any integrated circuit technology other than integrated circuit technology
embodied in a Silicon Systems, Inc. product. These products are not authorized for use as components in life
support devices or systems. No patents or licenses regarding the integrated circuit technology herein are implied
unless otherwise stated.
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SS1 73K212
SSI73K2128
SS173K212L
SSI73K212sL
$S173K221
SS1 73K2218
SSI73K221L
SSI 73K2218L
SSI 73K222
SSI 73K222S
SSI73K222L
$SI 73K2225L
SSI 73K2220
SSI 73K224L
SSI73K302L
$St 73K3025L
SS173K312L
SSI 73K3125L
$SI 73K321L
SSI 73K3218L
SSI73K322L
SSt 73K322sL
SSI 73K324L

5517302180
$5173D2240
$5173D2404
SS1 7302407
S5 7302417
$5173D2421
S5173D2247/A
$5173D2247/5
SSI 73D2247/V
S§173D2247/2

X X X X

*x X X X X X X

B103
B103

M OX X X X X X X X

X

*x X X X

COMMUNICATION PRODUCTS REFERENCE

X X X X X X X X X X

® X X X X X X

X

> X X X X X X

T X X X X X X X X N

Bell 212A/103

73K212 with serial interface only
Low Power 73K212

73K212L with serial inferface only
CCITTV.22/V.21

73K221 with serial interface only
Low Power 73K221

73K221L with serial interface only
Bell 212A/103, CCITT V.22/V.21
73K222 with serial interface only
Low Power 73K222

73K222L with serial interface only
73K222L with 16C450 UART

Bell 212A/103, CCITT V.22bis/V.22/V.21
Bell 212A/202/103

Bell 212A/202/103; serial interface only
BELL 202/103; CCITT V.21/V.23
73K312L with serial interface only
CCT V.23/V.21

73K321L with serial interface only
CCITT V.23/V.22/V.21

73K322L with serial interface only

+12v
+12v
+5V
+5V
+12v
+12v
+5V
+5V
+12v
+12v
+5V
+5V
+5V
+5V
+5V
+5V
+5V
+5V
+5V

28 DIP, 28 PLCC
22DIP

28 DIP, 28 PLCC
22DIP

22, 28 DIP, 28 PLCC
22 DIP

22, 28 DIP, 28 PLCC
22DIP

22,28 DIP, 28 PLC
22DIP

22, 28 DIP, 28 PLCC
22DIP

40 DIP

28 DIP, 32, 44 PLCC
28 DIP, 28 PLCC
22DIP

28 DIP, 28 PLCC
22DIP

28 DIP, 28 PLCC
22 DIP

28 DIP, 28 PLCC
22 DIP

28 DIP, 32 PLCC

T X X X X X X X x|

CCITT V.22bis/V.22/V.23/V.21

X X X % X % X % %[

x

® X X N X X X X X

‘Modem Device Sef v/ "AT” (73K222U based design)

Modem Device Set w/ "AT” (73K224L based design)

Modem Device Set w/ “AT” (73K214 based design)

Modem Device Set w/ "AT” MNP 485 (73K214 based design)
Modem Device Set w/ “AT” MNP 4&5, + transmit FAX

Modem Device Set w/ “AT” MNP 4&5,V.42,V.42bis, Hayes V-series
Modem Device Set w/ “AT” (73K224L based design)

Modem Device Set w/ "AT” MNP 485

Modem Device Set w/ "AT” MNP 485, V.42

Modem Device Set w/ “AT” MNP 485, V.42, V.42bis

+5V
+5V
15V
+5V
+5V
+5V
+5Y
+5V

Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC
Various DIP & PLCC

Notes:  All §51 73D2247 Device Sets come with a Configurable Command Interpreter.
All $Si 73D2247 Device Sets can be ordered with or upgraded fo 9600 bit/s send/receive FAX.
The SSI 73K324L can be substituted for the 73K224L. The device set number will change accordingly (e.g., from 73D2247/A 1o 73D3247/A).
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. SPECIAL

SS173M214 2400 bit/s Modem Filter V.22bis/V.22/V.21, Bell 212/103 modes +5V 28 DIP, PLCC
S5 73M223 1200 bit/s Modem IC Compact HDX V.23 modem +5V 16 DIP
SSI 73M376 Integrated Line Interface The active components of a DAA in a chip used on 73M9001 +5V 28 PLCC
SSI 73M9001 V.32bis DAA Microcodule Full DAA for V.32bis applications +5V Module
_ANALOG SIGNALLING AND SWITCHING PRODUCTS Rl o NN

S§81 757201 Integrated DTMF Receiver Binary coded 2-of-8 output +12v 22DIP
SSi 757202 Integrated DTMF Receiver Low power, binary output +5V 18 DIP
SSI1 751203 Integrated DTMF Receiver Early detect, binary output +5V 18 DIP
SSI 751204 Integrated DTMF Receiver Low power, binary output +5V 14DIP, 16 SO
SSI 7512089 Integrated DTMF Transceiver Generator & receiver, P inferface +5V 22 DIP
SS1 7512090 Integrated DTMF Transceiver Like 7572089 w/ call progress defect +5V 22 DIP
SSI 7572091 Integrated DTMF Transceiver Like 75T2090 w/ early detect +5V 28 DIP, PLCC
SSI1 751980 Imprecise Call Progress Defector Energy defect in 305-640 Hz band, Teltone +5V 8 DIP
SSI1 757981 | Precise Call Progress Detector Det. 350, 400, 440, 480 Hz, Teltone 2nd source +5V 22 DiP
SSI 751982 Precise Call Progress Detector Det. 350, 440, 480, 620 Hz, Teltone 2nd source +5V 22 DIP
SSI 78A093A/B 12x8x1 Crosspoint Switch Low ON resistance, two versions +5, +12V 40 DIP, 44 PLCC
SSI 78A207 Integrated MF Receiver Detects central office toll signals +5V 20 DIP
S5178P233 DS-1 Line Inferface T1 clock & data recovery, transmit equalization 5V 24 DIP, SDIP, SO |
SSI1 78P234 2048 kBit/s PCM Interface Receive clock & data recovery, transmit drivers +5V 20 DIP, SO
§S178P236 DS-3 Line Interface T3 clock & data recovery, transmit equalization +5V 28 DIP
SSI78P300 T1/E1 Short Haul Transceiver Receive jitter atfenuation +5V 28°DIP, PLCC
SSI 78P2361 STS-1 Line Interface STS-1 clock & data recovery, transmit equalization +5V 28 DIP
SSI 78P2362 CEPT E-3 Line Interface E3 clock & data recovery, transmit equalization +5V 28 DIP
SS1 78P2362 CEPT E-3 Line Interface Transceiver E3 clock & data recovery, transmit equalization +5V 28 DIP
SSI78P7200 DS-3 Line Interface Transceiver DS-3 Transceiver w/Receive equalization & higher transmitter drive +5V 28 DIP
SSI 78P7220 DS-3 Line Interface Receiver DS-3 Receive only w/ equalizer +5V 16 DIP, SON
SSI 78Q902 10BaseT MAU Transceiver Direct inferface fo twisted pair and AUI +5V 28 DIP, PLCC
$S178Q903 10BaseT Hub Transceiver Programmable squelch, detect/correct reverse polarity +5V 24 DIP, 28 PLCC
SS1 78Q8340 Ethernet Controller/ENDEC Combo Fully integrated MAC ENDEC & AUl +5V TBD
SS1 78Q8330 802.3 Coax Transceiver 10Base-2/10Base-5 applications +9V 20 DIP, PLCC

| BUSINTERFACEPRODUCTS = e e B RO
SSI 73M450L 16C450 pin compatible UART +5V 40 DIP, 44 PLCC
SSI 73M450LF Fast version of SSI 73M450 UART Fast Bus Timing Specs +5V 40 DIP, 44 PLCC
SSI 73M1450 28-pin version of SSI 73M450 Full UART in 28-pin package +5V 28 DIP, PLCC
SSI 73M2450 28-pin version of 73M450 Adds uPRST function +5V 28 DIP, PLCC
SSI 73M550 16C550 pin compatible UART Receive and Transmit FIFOs +5V 40 DIP, 44 PLCC
SS1 73M1550 28-pin version of SSI 73M550 Full UART in 28-pin package +5V 28 DIP, PLCC
SSI 73M2550 28-pin version of 73M550 Adds pPRST function +5V 28 DIP, PLCC
§S1 73M650 Serial Packet Controller Sync/Async for PC bus +5V 40 DIP, 44 PLCC
SSI 73M1650 28-pin version of 73M650 +5V 28 DIP, PLCC




Silicon Systems’ Communication Products Capabilities

Silicon Systems offers a broad line of standard inte-
grated circuits aimed at providing cost effective system
solutions for many mixed signal communications
equipment problems. For those manufacturers that
have special mixed signal requirements we offer cus-
tom or customized integrated circuit capability. The
heart of Silicon Systems’ efforts in the communications
market is the continuous expansion of circuit technol-
ogy. Our pioneering work with CMOS switched ca-
pacitor filters enabled us to develop the first integrated
DTMF receiver which led to our industry standard
DTMF family. This CMOS switched capacitor tech-
nology has been used in many non-DTMF filtering
tunctions of other Silicon Systems integrated circuits,
most notably, our family of modem products.

The pioneering continues as our mixed signal technol-
ogy expansion has led us to develop DSP techniques
to supplement traditional analog signal processing
techniques. The SSI 73K224 V.22bis modem is one
example of how the use of this DSP technology has
been used with analog signalling processing to opti-
mize die size so that a single IC modem solution was
possible. Our highly integrated system solutions
demonstrate not only technological leadership in our
own semiconductor field but also the ability to antici-
pate the growing needs of the fast-paced communica-
tions marketplace.

Here are a few examples of custom and standard ICs
that demonstrate our broad communications IC capa-
bilities.

CMOS

Integrated Circuit Functi Applicati

DTMF Receiver Decodes Touch-Tone®
Telephone Signals

One-chip Modems Data Transmission

Error Control and Compression | Data Transmission

Remote Transmitter Telephone Ans. Machine

Modem AFE V.32 Data Transmission

Analog Crosspoint Switch PBX's

Video Processor Infrared Video System

16 Channel Switching Matrix Bank Comm. Systems

Digital Loop Detector Traffic Signal Control

YA Convertor Plus High Speed Data

DSP and Control AFE Transmission

DSP Based Filter Programmable Filters

Satellite Descrambler CATV Receiver

Modem AFE 19.2 Kbit/s Data
Transmission

DSP-based Telemetry Watt Hour Meter

Vil

BIPOLAR

Integrated Circult Function Application

Audio System Receiver Telephone Answering
Machine

VHF/UHF Gain Mixer Radio Receiver

Digital Receiver Remote Control

Digital Correlator/Integrator Radio Telescope

DS-1 Line Interface T1 Channel Banks
Multiplexers

LAN Transceiver IEEE 802.3 Ethemet LAN

Modem DAA 1200 bit/s Data
Transmission

DS-3 Line Interface T3 Multiplexers

PROCESSES

Three Bipolar processes are used to optimize cost/
performance. Key features include polysilicon emitter
structures, base and collector plugs, double metal, fr
from 3 to 7.5 GHz and metal-nitride-poly capacitors.

There are also three CMOS processes in production
for cost/performance optimization. Key features include
poly-poly capacitors, poly resistors, operating voltages
from 5 to 12 volt, double poly and double metal.

PRODUCT QUALITY

Silicon Systems' quality goals will be given the highest
priority in the 90s. The mission to achieve total cus-
tomer satistaction through quality excellence forms the
basis of The Silicon Systems Master Quality Plan. The
Quality Mission further sets its sites on products to
have fewer than 1 ppm defective by the end of the
decade through an ongoing process of specified con-
tinuous improvement in every phase of its operation.

CUSTOMER SERVICE

Silicon Systems provides individualized service for
every customer. Our Customer Service Department is
dedicated to responsive service and is staffed with
personne| trained to consider our customers’ needs as
their most urgent requirement. Product quality and
service are both viewed as cornerstones for Silicon
Systems’ continued growth.
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Introduction

Silicon Systems K-Series Family of One-Chip Modems

Silicon Systems is a leader in the design and manufac-
turing of CMOS VLSI modems, and has been providing
innovative solutions to the communication industry for
more than ten years. Currently, Silicon Systems offers
the most extensive line of one-chip modem ICs avail-
able, with high-performance, cost-effective designs
suitable for a wide range of applications. Silicon
Systems’ fully compatible modem IC family has rede-
fined the modem IC as a universal component which
can be easily integrated into any system. Designs can
be upgraded to meet different standards and speeds
by simply substituting one K-Series IC for another.
Using a K-Series family modem IC in your application
eliminates product obsolesence, and minimizes devel-
opment costs.

The Silicon Systems modem IC family consists of four
basic products:

1. The SSI73K222, a multi-mode device which com-
bines both Bell 212A/103 and V.22/V.21 capability
in one chip, with operating modes at 0 - 30, 600 and
1200 bit/s.

The SSI 73K222U which combines the functional-
ity of the 73K222 with the industry standard
16C450 UART.

The SSI 73K224, a major technological break-
through which provides 2400 bit/s V.22bis opera-
tion in addition to V.22/V.21 and Bell 212A/103
modes in a single IC.

The SSI 73K322 provides CCITT V.22/V.21 plus
V.23 Videotex modes.

New additions to Silicon Systems’ modem IC family
extend the available operating modes and provide
features which greatly simplify integral modem design.
The SSI 73K324 offers V.22bis, V.22/V.21 and V.23
operating modes on one chip. These products dra-
matically reduce external circuitry required for dedi-
cated integral modem designs.

Silicon Systems’ one-chip modem IC products repre-
sent technical achievements unmatched in the indus-
try. An advanced Digital Signal Processor resides on
the same chip with sophisticated analog circuitry in the
SSI 73K224 and SS| 73K324 products. “U” versions of
the K-Series devices integrate an industry standard

1-0

UART with full modem capability on a single chip. In
addition, an innovative bus structure makes a separate
controller unnecessary in dedicated integral designs.
All K-Series devices are available in low-power ver-
sions. This feature allows optimal performance with
single +5V supply operation and is unique to Silicon
Systems’ products.

Silicon Systems’ single-chip modem IC family is
designed to be the most effective solution for a wide
variety of modem applications. The products provide
for a full range of communications standards and
speeds up to 2400 bit/s. Moreover, features can be
extended to include additional modes and higher
operating speeds without impacting existing designs.
Take advantage of these capabilities. Design for
tomorrow’s needs today by using Silicon Systems’
K-Series modem IC family.

K-Series Modem Design Manual

The Silicon Systems K-Series Modem Design Manual
contains a large body of application literature for the
K-Series family of single chip modem products. This
manual is intended as a tutorial for those users who
may be designing with modems for the first time, and
also as a helpful guide for more experienced modem
designers.

The K-Series Modem Design Manual is available
through our worldwide network of representatives and
distributors.
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DESCRIPTION FEATURES

The SSI 73K212 is a highly integrated single-chip * One-chip Bell 212A and 103 standard compatible
modem IC which provides the functions needed to modem data pump

construct a typical Bell 212A fuli-duplex modem. ¢  Full-duplex operation at 0-300 bit/s (FSK) or
Using an advanced CMOS process that integrates 1200 bit/s (DPSK)

analog, digital and switched—capacitor filter functions ¢  pin and software compatible with other

on a single substrate, the SSI 73K212 offers excellent SSI K-Series 1-chip modems

peﬁormance and a h|gh 'eVel Of funcﬁonal integration . lnterfaces direcuy with standard microprocessors
in a single 28- or 22-pin DIP configuration. The (8048, 80C51 typical)

SS173K212L low power version of the SSI 73K212  , gy -bin DIP llel (28-pin DIP
provides identical performance and features, but oper- rlal (22-pin DIP) or parallel (25-pin DIP)
ates from a single +5 volt supply with substantially
lower power consumption.

microprocessor bus for control
* Serlal port for data transfer
*  Both synchronous and asynchronous modes of

The SSI 73K212 includes the DPSK and FSK modu- operation _
lator/demodulator functions, call progress and hand- *  Call progress, carrier, precise answer tone and
shake tone monitor test modes and a DTMF dialer. long loop detectors

This device supports all Bell 212A modes of operation ~ *  DTMF generators
allowing both synchronous and asychronous commu- ¢  Test modes available: ALB, DL, RDL, Mark, Space,

nications. Alternating bit patterns
. * Precise automatic gain control allows 45 dB
Test features such as analog loop, digital loop, and dynamic range

remote digital loopback are provided. Internal pattern  «  gpace efficlent 22- or 28-pin DIP packages
generators are also included for self-testing: The
SSI73K212 is designed to appear to the systems
designer as a microprocessor peripheral, and will eas-
ily interface with popular one-chip microprocessors

* CMOS technology for low power consumption
using 30 mW @5V or 180 mW @ 12V
* Single +5 volt (73K212L) or +12 volt (73K212)

(Continued) versions
DATA DTMF & —— CLK
ooy (T SR (TN o e [+ =haw
BUFFER s -~ XTLt ] 2 27 ] pxa
| ron A | mzlo s veer
LA —- READ CONTROL FLTER 0 ™A ADO [} 4 25 [] RESET
Wi
AE O— > <:> VEIJ L—: AD1
o — vy e PROCESSNG MODULATOR RECEVE | o a R s 2 0 1seT
RESET Db STATUS DEMODULATOR FLTER ap2 [l 6 =[] RXCLK
AD3 [} 7 22 [] RXD
SMART AD4 [} & 21 1] TXD
DIALNG
oeeor ADS | o (] ¢cs
FUNCTIONS [ ADS [| 10 19 {] EXCLK
AD7 [} 4 18 [] TXCLK
ALE [| 12 17 [] iNT
[Powen | WR [ 1 [] TXA
RD [ 14 15 [] VDD
ooao
[=} [=]
S

CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION (Continued)

(80C51 typical) for control of modem functions through
its 8-bit multiplexed address/data bus or serial control
bus. An ALE control line simplifies address demulti-
plexing. Data communications occurs through a sepa-
rate serial port only.

The SSI 73K212 is ideal for use in either free standing
or integral system modem products where full-duplex
1200 bps data communications over the 2-wire
switched telephone network is desired. Its high func-
tionality, low power consumption and efficient packag-
ing simplify design requirements and increase system
reliability. A complete modem requires only the addi-
tion of the phone line interface, a control microproces-
sor, and RS-232 level convertor for a typical system.
The SSI 73K212 is part of SSi’s K-Series family of pin
and function compatible single-chip modem products.
These devices allow systems to be configured for
higher speeds and Bell or CCITT operation with only a
single component change.

OPERATION

ASYNCHRONOUS MODE

Data transmission for the DPSK mode requires that
data ultimately be transmitted in a synchronous fash-
ion. The SSI 73K212 includes ASYNC/SYNC and
SYNC/ASYNC converters which delete or insert stop
bits in order to transmit data within a 0.01% rate. In
asynchronous mode the serial data comes from the
TXD pin into the ASYNC/SYNC converter. The
ASYNC/SYNC converter accepts the data provided on
the TXD pin which normally must be 1200 bit/s +1.0%,
-2.5%. The rate converterwillthen insert or delete stop
bits in orderto output a signal whichis 1200 bit/s +.01%
(£ .01% is the required synchronous data rate
accuracy).

The serial data stream from the ASYNC/SYNC con-
verter is passed through the data scrambler and onto
the analog modulator. The data scrambler can be
bypassed under processor control when unscrambled
data must be transmitted. The ASYNC/SYNC rate
converter and the data scrambler are bypassed in all
FSK modes. If serial input data contains a break signal
throughone character (including start and stop bits) the
break will be extended to at least 2+ N + 3 bits long
(where N is the number of transmitted bits/character).

Serial data from the demodulator is passed first
through the data descrambler and then through the
SYNC/ASYNC rate converter. The SYNC/ASYNC
convertor will reinsert any deleted stop bits and trans-
mit output data at an intra-character rate (bit-to-bit
timing} of no greater than 1219 bit/s. An incoming
break signal (low through two characters) will be
passed through without incorrectly inserting a stop bit.

SYNCHRONOUS MODE

The Bell 212A standard defines synchronous opera-
tion only at 1200 bit/s. Operation is similar to that of the
asynchronous mode exceptthat data must be synchro-
nized to a provided clock and no variation in data
transfer rate is allowable. Serial input data appearing
at TXD must be valid on the rising edge of TXCLK.

TXCLK is an internally derived 1200 Hz signal in
internal mode and is connected internally to the
RXCLKpininslave mode. Receive data at the RXD pin
is clocked out on the falling edge of RXCLK. The
ASYNCH/SYNCH converter is bypassed when syn-
chronous mode is selected and data is transmitted out
at the same rate as it is input.

DPSK MODULATOR/DEMODULATOR

The SSI 73K212 modulates a serial bit stream into dibit
pairsthat are represented by four possible phase shifts
as prescribed by the Bell 212A standard. The base-
band signal is then filtered to reduce intersymbol inter-
ference on the bandlimited 2-wire telephone line.
Transmission occurs using either a 1200 Hz (originate
mode) or 2400 Hz carrier (answer mode). Demodula-
tion is the reverse of the modulation process, with the
incoming analog signal eventually decoded into di-bits
and converted back to aserialbit stream. The demodu-
lator also recovers the clock which was encoded into
the analog signal during modulation. Demodulation
occurs using either a 1200 Hz carrier (answer mode or
ALB originate mode) or a 2400 Hz carrier (originate
mode or ALB answer mode). The SSI 73K212 uses a
phase locked loop coherent demodulation technique
for optimum receiver performance.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. In the Bell 103, the standard
frequencies of 1270 and 1070 Hz (originate, mark and

1191 - rev.
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space) or 2225 and 2025 Hz (answer, mark and space)
are used. V.21 mode uses 980 and 1180 Hz (originate,
mark and space) or 1650 and 1850 Hz (answer, mark
and space). Demodulation involves detecting the
received frequencies and decoding them into the
appropriate binary value. The rate converter and
scrambler/descramblerare bypassedinthe 103 mode.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line and to reduce intersymbol interfer-
ence in the bandlimited receive signal. The transmit
signal filtering approximates a 75% square root of
raised Cosine frequency response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
receiver dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The status detect register is read
only and cannot be modified except by modem
response to monitored parameters.

SERIAL COMMAND INTERFACE

The serial command mode allows access to the
SSI 73K212 control and status registers via a serial
command port (22-pin version only). In this mode the
A0, A1and A2lines provide register addresses fordata
passed through the data pin under control of the RD
and WR lines. A read operation is initiated when the
RD line is taken low. The next eight cycles of EXCLK
willthen transfer out eight bits of the selected address
location LSB first. A write takes place by shifting in
eight bits of data LSB first for eight consecutive cycles

1191 - rev.

of EXCLK. WRis then pulsed low and data transferred
into the selected register occurs on the rising edge of
WR.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received
analog signal to determine status or presence of car-
rier, call-progress tones, answer tone and weak re-
ceived signal, (long loop condition). An unscrambled
mark request signal s also detected when the received
data out of the DPSK demodulator before the descram-
blerhasbeenhighfor 165.5 ms+ 6.5 ms minimum. The
appropriate detect register bit is set when one of these
conditions changes and an interrupt is generated for all
purposes exceptlongloop. Theinterrupts are disabled
(masked) when the enable interrupt bit is set to 0.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated when the DTMF mode
is selected using the tone register and the transmit
enable (CRO bit D1) is changed from 0 to 1.




SSI 73K212/K212L

Bell 212A/103
Single-Chip Modem
PIN DESCRIPTION
POWER
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
GND 28 1 | System Ground.
VDD 15 11 | Power supply input, 12V +10%, -20% (73K212) or 5V +10%
(73K212L). Bypass with .1 and 22 uF capacitors to ground.
VREF 26 21 o} An internally generated reference voltage. Bypass with
.1 uF capacitor to GND.
ISET 24 19 | Chipcurrentreference. Setsbias currentforop-amps. The

chip current is set by connecting this pinto VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFAC

E

ALE

12

Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADO-AD7

4-11

lle}

Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

20

Chip select. Alow during the falling edge of ALE on this pin
allows a read cycle or a write cycle to occur. ADO-AD7 will
not be driven and no registers will be written if CS (latched)
is not active. The state of CS is latched on the falling edge
of ALE.

CLK

Output clock. This pin is selectable under processor
control to be either the crystal frequency (for use as a
processor clock) or 16 x the data rate foruse as abaud rate
clock in DPSK modes only. The pin defaults to the crystal
frequency on reset.

-

17

13

Interrupt. Thisopendrainoutput signalisusedtoinformthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine' which
detect triggered the interrupt. TNT will stay low until the
processor reads the detect register or does a full reset.

14

Read. A low requests a read of the SSI 73K212 internal
registers. Data cannot be output unless both RD and the
latched CS are active or low.

1191 - rev.
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Bell 212A/103
Single-Chip Modem
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
RESET 25 20 | Reset. An active high signal on this pin will put the chip into

an inactive state. All control register bits (CR0, CR1, Tone)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down resistor permits
power on reset using a capacitor to VDD.

WR 13 - | Write. A low on this informs the SSI 73K212 that data is
available on AD0O-AD?7 for writing into an internal register.
Data is latched on the rising edge of WR. No data is written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

AQ-A2 - 5-7 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 e} Serial Control Data. Data for a read/write operation is

clocked in or out onthe falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

RD - 10 1 Read. A low on this input informs the SS173K212 that data
or status information is being read by the processor. The
falling edge of the RD signal will initiate a read from the
addressed register. The RD signal must continue for eight
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

WR - 9 | Write. A low onthis input informs the SSI 73K212 that data
or status information has been shifted in through the DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pin for eight consecutive falling edges of EXCLK
andthento pulse WR low. Data is written on the rising edge
of WR.

Note: In the serial, 22-pin version, the pins AD0-AD7, ALE and§ are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnectedpin. Also, the RD and WR controls are used differently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and ADO, AD1 and AD2 become A0, A1 and A2, respectively.

1191 - rev. 1-5
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DTE USER INTERFACE

NAME 28-PIN | 22-PIN

TYPE

DESCRIPTION

EXCLK 19 15

External Clock. This signal is used in synchronous trans-
mission when the external timing option has been selected.
In the external timing mode the rising edge of EXCLK is
used to strobe synchronous DPSK transmit data applied to
the TXD pin. Also used for serial control interface.

RXCLK 23 18

Receive Clock. The falling edge of this clock output is
coincident with the transitions in the serial received data
output. The rising edge of RXCLK canbe used to latch the
valid output data. RXCLK will be valid as long as a carrier
is present.

RXD 22 17

Received Data Output. Serial receive data is available on
this pin. The data is always valid on the rising edge of
RXCLK when in synchronous mode. RXD will output
constant marks if no carrier is detected.

TXCLK 18 14

Transmit Clock. This signal is used in synchronous trans-
missionto latch serial input data on the TXD pin. Data must
be provided so that valid data is available on the rising edge
of the TXCLK. The transmit clock is derived from different
sources depending upon the synchronization mode
selection. In Internal Mode the clock is generated inter-
nally. In External Mode TXCLK is phase locked to the
EXCLK pin. In Slave Mode TXCLK is phase locked to the
RXCLK pin. TXCLK is always active.

TXD 21 16

Transmit Data Input. Serialdatafortransmission is applied
on this pin. In synchronous modes, the data must be valid
on the rising edge of the TXCLK clock. In asynchronous
modes (1200 bit/s or 300 baud) no clocking is necessary.
DPSK data must be 1200 bit/s +1%, -2.5%.

ANALOG INTERFACE AND OSCILLATOR

RXA 27 22

Received modulated analog signal input from the tele-
phone line interface.

TXA 16 12

Transmit analog output to the telephone line interface.

XTL1 2 3
XTL2 3 4

These pins are for the internal crystal oscillator

requiring a 11.0592 MHz parallelmode crystal andtwo load
capacitors to Ground. Consult crystal manufacturer for
proper valves. XTL2 can also be driven from an external
clock.

1191 - rev.
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0, A1 and
A2 address lines in serial mode, or the ADO, AD1 and
AD2 lines in parallel mode. In parallel mode the
address lines are latched by ALE. Register CRO
controls the method by which data is transferred over

thephoneline. CR1 controlstheinterface betweenthe
microprocessor and the SSI 73K212internal state. DR
is a detect register which provides an indication of
monitored modem status conditions. TR, the tone
control register, controls the DTMF generator, answer
and guard tones and RXD output gate used in the
modem initial connect sequence. All registers are
read/write except for DR which is read only. Register
control and status bits are identified below:

REGISTER BIT SUMMARY
ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO [\ D4 D3 D2 D1 Do
CONTROL TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/
REGISTER  CRO 000 MODE MODE MODE MODE ENABLE ORIGINATE
° 3 2 1 °
CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT SCRAMBLER | CONTROL RESET MODE MODE
1 1 INTERRUPT 1 [
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR o0 DATA MARKS DETECT TONE PROGRESS LOOP
TONE TRANSMIT TRANSMIT
CONTROL TR o1 OUTPUT ANSWER DTMF DTMF3 DTMF2 DTMF1 DTMFO
REGISTER CONTROL TONE
CONTROL — T e
REGISTER  CR2 100 3 HESE REGISTER LOCATIONS ARE RESERVED FOR
2 T TR
CONTROL
REGISTER  CR3 101
3
10
REGISTER (] 110

NOTE: When a register containing reserved control
bits is written into, the reserved bits must be
programmed as 0's.

1191 - rev.
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
| REGISTER AD2 - ADO D7 | D6 Ds pa D3 i D2 L D1 I Do
CONTROL TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT | ORIGINATE/
REGISTER  CRO 000 MODE MODE MODE MODE ENABLE ANSWER
[} 3 2 1 [

i_ 0000=PWR DOWN | 0=DISABLE 0=ANSWER
0001=INT SYNCH TXAOUTPUT  1=ORIGINATE
0010=EXT SYNCH 1=ENABLE
0011=SLAVE SYNCH TXA OUTPUT
0100=ASYNCH 8 BITS/ICHAR
0101=ASYNCH 9 BITS/ICHAR
0110=ASYNCH 10 BITS/CHAR
0111=ASYNCH 11 BITS/ICHAR
1100=FSK

CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT SCRAMBLER | CONTROL -RESET MODE MODE
1 1 0 INTERRUPT 1 0
l_ 00=TX DATA ___J 0=DISABLE  0=NORMAL 0=XTAL 0=NORMAL L OO-NORMAL_I
01=TX ALTERNATE 1=ENABLE 1=BYPASS 116 XDATA  1=RESET 01=ANALOG LOOPBACK
10=TX MARK SCRAMBLER RATE OUTPUT 10=REMOTE DIGITAL
11=TX SPACE AT CLKPIN IN LOOPBACK
DPSK MODE 11=LOCAL DIGITAL
ONLY OOPBACK
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR 010 DATA MARKS DETECT TONE PROGRESS LooP
OUTPUTS | I 0=CONDITION NOT DETECTED N
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT TRANSMIT
CONTROL " o011 OUTPUT ANSWER DTMF DTMF3 DTMF2 DTMF1 DTMFO
REGISTER CONTROL TONE
RXD PIN 0=OFF 0=DATA L 4 BIT CODE FOR 1 OF 16 I
0=NORMAL 1=ON 1=TX DTMF DUAL TONE COMBINATIONS.
1=TRI STATE
10
REGISTER 10 110 D D [ )
00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
1100=73K224
1110=73K324
1101=73K312
1-8 1191 - rev.
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CONTROL REGISTER 0
D4 D3 D2 D1 DO
CRO TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT| ANSWER/
000 MODE 2 MODE 1 MODE 0 | ENABLE |ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
Do Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band).
1 Selects originate mode (transmitinlow band,receive in
high band).
D1 Transmit 0 Disables transmit output at TXA.
Enable 1 Enables transmit output at TXA.
Note: Answer tone and DTMF TX control require TX
enable.
D5 D4 D3 D2
D5, D4,D3, Transmit 0 0 0O Selects power down mode. All functions
D2 Mode disabled except digital interface.
0 0 0 1 Internal synchronous mode. Inthis mode TXCLK is an

internally derived 1200 Hz signal. Serial input data
appearing at TXD must be valid on the rising edge of
TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz clock must be
supplied externally.

0 0 1 1 Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connected internally to
the RXCLK pin in this mode.

01 0 O Selects DPSK asynchronous mode - 8 bits/character
(1 start bit, 6 data bits, 1 stop bit).

0 1 0 1 Selects DPSK asynchronous mode - 9 bits/character
(1 start bit, 7 data bits, 1 stop bit).

01 10 Selects DPSK asynchronous mode - 10 bits/character
(1 start bit, 8 data bits, 1 stop bit).

0 1 1 1 Selects DPSK asynchronous mode - 11 bits/character
(1 start bit, 8 data bits, Parity and 1 stop or 2 stop bits).

1 1 0 0 Selects FSK operation.

Dé 0 Not used, must be written as "0."

1191 - rev. 1-9
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CONTROL REGISTER 1

D7

D6 D5

D4 D3 D2 D1t DO

CR1
001

TRANSMIT
PATTERN

1

TRANSMIT
PATTERN

ENABLE
DETECT
0 INTER.

BYPASS
SCRAMB

CLK
CONTROL

RESET | TEST
MODE

TEST
MODE

BIT NO.

NAME

CONDITION

DESCRIPTION

D1, D0

Test Mode

D1 DO
00

Selects normal operating mode.

0 1

Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable bit must be low.

Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit data carrier at
the TXA pin.

D2

Reset

Selects normal operation.

Resets modem to power down state. All control reg-
ister bits (CR0, CR1, Tone) are reset to zero. The
output of the CLK pinwillbe setto the crystal frequency
on reset.

D3

CLK Control
(Clock Control)

Selects 11.0592 MHz crystal echo output at CLK pin.

Selects 16 X the data rate, output at CLK pin in DPSK
modes only.

D4

Bypass
Scrambler

Selects normal operation. DPSK transmit data is
passed through scrambier.

Selects Scrambler Bypass. Bypass DPSK data is
routed around scrambler in the transmit path.

D5

Enable Detect
Interrupt

Disables interrupt at INT pin.

Enables INT output. An interrupts will be generated
with a change in status of DR bits D1-D4. The answer
tone and call progress detect interrupts are masked
whenthe TX enable bit is set. Carrier detect is masked
when TX DTMF is activated. All interrupts will be
disabled if the device is in power down mode.

1-10

1191 -rev.



SSI 73K212/K212L

Bell 212A/103
Single-Chip Modem
CONTROL REGISTER 1 (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT TRANSMIT | ENABLE | BYPASS CLK TEST | TEST
CR1 PATTERN PATTERN DETECT | SCRAMB | CONTROL | RESET | MODE | MODE
001 1 0 INTER. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D7 D6
D7, Dé Transmit 00 Selects normal data transmission as controlled

Pattern by the state of the TXD pin.

0 1 Selects an alternating mark/space transmit pattern for

modem testing.

1 0 Selects a constant mark transmit pattern.

11 Selects a constant space transmit pattern.
DETECT REGISTER

D7 D6 D5 D4 D3 D2 D1 DO
DR RECEIVE | UNSCR. CARR. ANSWER CALL LONG
010 DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO LONG LOOP 0 Indicates normal received signal.
1 Indicates low received signal.

D1 CALL 0 No call progress tone detected.

P%%?Eg? s 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in
the 350 to 620 Hz call progress band.

D2 ANSWER 0 No answer tone detected.

DE?’II\EIC'E:T 1 Indicates detection of 2225 Hz answer tone. The
device must be in originate mode for detection of
answer tone.

D3 CARRIER 0 No carrier detected in the receive channel.
DETECT 1 Indicated carrier has been detected in the received
channel.
D4 UNSCRAM- 0 No unscrambled mark.
3}&%?( 1 Indicates detection of unscrambled marks in the
received data. A valid indication requires that
unscrambled marks be received for > 165.5 + 6.5 ms.
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DETECT REGISTER (Continued)

D5 D4 D3 D2 D1 DO
RECEIVE | UNSCR: CARR. ANSWER CALL LONG
DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
D5 RECEIVE Continuously outputs the received data stream. This
DATA data is the same as that output on the RXD pin, but it
is not disabled when RXD is tri-stated.
Ds, D7 Not used.
TONE REGISTER
D7 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT
TR OUTPUT ANSWER DTMF DTMF3 [ DTMF2 | DTMF 1 | DTMF 0
011 CONTR. TONE
BIT NO. NAME CONDITION DESCRIPTION
D3 D2 D1 DO .
D3, D2, DTMF 0 0 0 O0- Programs 1 of 16 DTMF tone pairs that will be
D1,D0 1 1 1 1 transmitted when TX DTMF and TX enable bit (CRO, bit

D1) are set. Tone encoding is shown below:

KEYBOARD | DTMF CODE TONES
EQUIVALENT | D3 D2 D1 DO | LOW HIGH
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| 82 1336
9 1.0 0 1 | 852 1477
0 1.0 1 0] 941 1336
: 1.0 1 1| 941 1209
# 1.1 0 0| 941 1477
A 1 1.0 1| 697 1633
B 111 0| 770 1633
c 1 1 1 1| 82 1633
D 0 0 0 0| 941 1633
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TONE REGISTER (Continued)
D7 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | DTMF3 | DTMF 2 | DTMF 1 | DTMF 0
TR OuUTPUT ANSWER DTMF
011 CONTR. TONE
BIT NO. NAME CONDITION DESCRIPTION
D4 TRANSMIT 0 Disable DTMF.
DTMF Activates DTMF. The selected DTMF tones are
transmitted continuously when this bit is high (with
Transmit Enable, CR0-D1). TX DTMF overrides all
other transmit functions.
D5 TRANSMIT 0 Disables answer tone generator.
ANSWER
TONE 1 Enables answer tone generator. A 2225 Hz
answer tone will be transmitted continuously when the
Transmit Enable bit is set in CRO. The device must be
in answer mode.
D7 RXD OUTPUT 0 Enables RXD pin. Receive data will be output on
CONTROL RXD.
1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal, weak pull-up resistor.
ID REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
ID ID ID ID ID ID
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, Ds, D5 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L
D4 Identification 01 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L)
11 0 0 SSI 73K224L
1 1 10 SSI 73K324L
11 0 1 SSI 73K312L
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1-13




SSI1 73K212/K212L
Bell 212A/103
Single-Chip Modem

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

RATING‘

PARAMETER UNIT
VDD Supply Voltage 14 \'
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \

devices and all outputs are short-circuit protected.

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection

RECOMMENDED OPERATING CONDITIONS

MAX | UNITS

PARAMETER CONDITIONS MIN NOM
VDD Supply Voltage 45 5 55 \
TA, Operating Free-Air -40 +85 °C
Temperature
Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %
external clock )
External Components (Refer to Application section for placement.)
VREF Bypass capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ
and ISET pins) :
ISET Bypass capacitor (ISET pin to GND) 0.1 uF
VDD Bypass capacitor 1 (External to GND) 0.1 uF
VDD Bypass capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20

1-14
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ELECTRICAL SPECIFICATIONS (Continued)
DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)
PARAMETER CONDITIONS MIN | NOM MAX | UNITS
IDD, Supply Current ISET Resistor = 2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
IDD1, Power-down CLK = 11.0592 MHz 4 mA
IDD2, Power-down CLK = 19.200 KHz 3 mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \'
All other inputs 2.0 vDD \
VIL, Input Low Voltage 0 0.8 \)
liH, Input High Current VI = VIH Max 100 I
I, Input Low Current VI = VIL Min -200 HA
Reset Pull-down Current Reset = VDD 1 50 HA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | IOH MIN =-0.4 mA 24 VDD Vv
VOL, Output Low Voltage 10 MAX=1.6 mA 04 \'
VOL, CLK Output I0=3.6 mA 0.6 \'
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 pA
CMAX, CLK Output Maximum Capacitive Load 15 pF

191 - rev.
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ELECTRICAL SPECIFICATION (Continued)

DYNAMIC CHARACTERISTICS AND TIMING

(TA = -40°C to + 85°C, VDD = recommended range unless otherwise noted.)

PARAMETERS | conpiTioNs | min | nom | max | uniTs
PSK Modulator i
Carrier Suppression Measured at TXA 55 dB
Output Amplitude TX scrambled marks -1 -10.0 -9 dBm0
FSK Mod/Demod
Qutput Freq. Error CLK = 11.0592 MHz -0.35 +.35 %
Transmit Level Transmit Dotting Pattern -1 -10.0 -9 dBmo
Harmonic Distortion THD in the alternate band -60 -50 dB
in 700-2900 Hz band DPSK or FSK
‘Output Bias Distortion Transmit Dotting Pattern +8 %
In ALB @ RXD
Total Output Jitter Random Input in ALB @ RXD -15 +15 %
DTMF Generator
Freq. Accuracy -25 +.25 %
Output Amplitude Low-Band, DPSK Mode -10 -9 -8 dBmo
Output Amplitude High-Band, DPSK Mode -8 -7 -6 dBm0
Twist High-Band to Low-Band, 1.0 2.0 3.0 dB
DPSK mode
Long Loop Detect DPSK or FSK -38 -28 dBmo
Dynamic Range Refer to Performance Curves 45 dB
Call Progress Detector
Detect Level 2-Tones in 350-600 Hz band -34 0 dBmo
Reject Level 2-Tones in 350-600 Hz band -41 dBmo
Delay Time -70 dBmoO to -30 dBm0 STEP 27 80 ms
Hold Time -30 dBmo to -70 dBmO STEP 27 80 ms
Hysteresis 2 dB

12V Version

5V Version

10 dB loss in the Transmit path to the line.
9 dB gain in the Receive path from the line.

0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Note: Parameters expressed in dBmo0 refer to the following definition:

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.
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ELECTRICAL SPECIFICATION (Continued)
DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS | conDpITIONS | min | nom | max | units
Carrier Detect
Threshold DPSK or FSK receive data -49 -42 dBm0
Delay Time -70 dBmoO to -30 dBm0 STEP 15 45 ms
Hysteresis Single tone detected 2 3 dB
Hold Time -30 dBmO to -70 dBm0 STEP 10 24 ms
Answer Tone Detector
Detect Level In FSK mode -49 -42 dBm0
Delay Time -70 dBmoO to -30 dBm0 STEP 20 45 ms
Hold Time -30 dBmo to -70 dBm0 STEP 10 30 ms
Detect Freq. Range 2.5 +2.5 %
Output Smoothing Filter
TXA pin Output Impedance 200 300 Q
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 db
in .310 3.4 KHz 50 pF
Spurious Freq. Comp. Frequency = 76.8 KHz -39 dBmo
Frequency = 153.6 KHz -45 dBm0
Clock Noise TXA pin; 76.8 KHz
5V Version (73K212L) 1.0 mvVrms
12V Version (73K212) 2.0 mVrms
Carrier VCO
Capture Range Originate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Freq. Change Assum.
Recovered Clock
Capture Range % of frequency -625 +625 ppm
center frequency
(center at 1200 Hz)
Data Delay Time Analog data in at RXA pin to 30 50 ms
receive data valid at RXD pin
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ELECTRICAL SPECIFICATION (Continued)

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS LCONDITIONS I MIN | NOM | MAXJ UNITS

Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE low 30 ns
TLA CS/Addr. hold after ALE low 20 ns
TLC ALE low to RD/WR low 40 ns
TCL RD/WR Control to ALE high 10 ns
TRD Data out from RD low 0 160 ns
TLL ALE width 60 ns
TRDF Data float after RD high 0 80 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000* ns
TDW Data setup before WR high 150 ns
TWD Data hold after WR high 20 ns
TCKD Data out after EXCLK low 200 ns
TCKW WR after EXCLK low 150 ns
TDCK Data setup before EXCLK low 150 ns
TAC Address setup before control** 50 ns
TCA Address hold after control** 50 ns
TWH Data Hold after EXCLK 20 ns

*

Maximum time applies to paralie! version only.

** Control for setup is the falling edge of RD or WR. L
Control for hold is the falling edge of RD or the rising edge of WR.

1-18
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TIMING DIAGRAMS
BUS TIMING DIAGRAM (PARALLEL VERSION)
TLL
AE X% + %
TLC TRW TCL
RO ‘_"\F——J‘F' TLe ™WW
wR B I
TLA TRD TROF TWD
TAL ‘_K_’I v ¥ I TDW ‘_‘_’,
ADO-AD7 ADDRESS >'————KWRITE DATA)}——
o = - =

READ TIMING DIAGRAM (SERIAL VERSION)

EXCLK

ﬁﬁ—\k 41——
Y

| lo—TRD <—0|TCKD TRDF
DATA ———K Do X D1 X D2 X D3 X D4 X D5 X D6 E

WRITE TIMING DIAGRAM (SERIAL VERSION})

EXCLK

TCKW,
TAC
r——' TCA

]‘——. TDCK .—.l TWH

DATA 0o D1 D2 D3 D4 D5 Dé D7
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAAarrangements are shown: oneforasplitt5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

5 C14 l €13

39 pF 18 pF

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serial interface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/data interface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

in most applications the controller will monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. Inthis
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232 interface handshake lines are used formodem
control.

* Note: Values shown are for 5V low powar
K-Series products. For 12V versions
these values change to:

vi Y
11.0592
MHZ
Ne R10
L D 22

c9 J, *ca C1 =150 pF
23 XMz xiu CLK XTLi  XTL2 VDD ApF I 22uF o1
e i = e 02 =750 pF
CONVERTERS
RIS " — : R = 86.6K
cA -D—-E?s——ﬂ P10 P0.07 |
o8 N R7 = 14.3K
cc o P12 L RO
co >R pis WR WR
ocD ALE ALE sst
oF <} P1S P31 TS Kf_gwEs
P16 P32 PONER
F P3.0 P1.7 RESET, FAMILY
o | - d
88 RXD
oa | > EXCLK
oo AXCLK
o8 TXCLK o
L~ Mi
RESET 671-8005
MC145406

047
250

| T= "

u2
4N35

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
at the transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp at the same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude than data, these

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvertthe sighalcomingfromthe gain settingop-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

Cc1
390 pF
i * Note: Op-amp Ut
374K 1%
must be rated for
o?a.,p single 5V operation.
: R10 & R11 values
Jr—
L depend on Op-amp
used.
+8V 3
p LN ; 475 1%
L T T
T
c10 5V
L3 JE T
Yo c2 RIS
o | ol | e | SR . W
. 4N3!
SD—iH |
R9 o1 VA1
20K 1% 02 3004 { £ oy
x 1 Zsoze
R12
22€

FIGURE 2: Single 5V Hybrid Version

1-21




SSI173K212/K212L
Bell 212A/103
Single-Chip Modem

Unlike digital logic circuitry, however, modem designs
must properly contend with precise frequency toler-
ances and very low level analog signals, to ensure
acceptable performance. Using good analog circuit
design practices will generally result in a sound design.
Following are additional recommendations which
should be taken into consideration when starting new
designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily on the
crystal’s characteristics, and to a lesser degree onthe
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
control system noise in order to obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem shouldbe treated
as a high impedance analog device. A 22 uF elec-
trolytic capacitor in parallel with a 0.1 uF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should notbe routed near
low level or highimpedance analogtraces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC’s should have both
high frequency and low frequency bypassing as close
to the package as possible.

MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Recelve Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.
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PACKAGE PIN DESIGNATIONS o g« 2 [1 anp
(TOP VIEW) Xt 2 27 1] RxA
ano 7 o XTLzés % [] VREF
CLK [ 2 2 E VREF i:: N ; i h ?::TET
XL g * |} ResET a2 6 2 [] RXCLK
XTL2 [} 4 19 b ISET 03 | 7 2] mo
ao[)s 1] RxcLk YV 21 o
At []e 17 [] RxD a5 O o »[] ts
IYRIR 1 [] TXD A6 [ 10 19 ] EXCLK
DATA []® 15 1 ExcLk AD7 [| n [ ™oLk
WAl 1] TXCLK AE [} 7 [1 INT
RO ] 10 ’ngf Wﬁqﬂ ] TXA
VoD E " " TXA g " * b VoD 12 13 14 15 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K212 with Parallel Bus Interface
28-pin 12 volt supply
Plastic Dual-In-Line 73K212 - IP 73K212 - IP
Plastic Leaded Chip Carrier 73K212 - IH 73K212 - H
28-pin 5 volt supply
Plastic Dual-In-Line 73K212L - IP 73K212 - IP
Plastic Leaded Chip Carrier 73K212L - H 73K212L - H
SSI 73K212 with Serial Interface
22-pin 12 volt supply
Plastic Dual-In-Line 73K212S - IP 73K212S - 1P
22-pin 5 volt supply
Plastic Dual-In-Line 73K212SL - IP 73K212S - IP
Ceramic Dual-In-Line 73K212SL - IC 73K212SL-IC

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 673-6914

Protected by the following Patents (4,691,172) (4,777,4563)
©1989 Silicon Systems, Inc. 1-24 1191 - rev
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SSI 73K221/K221L
CCITT v.22, V.21
Single-Chip Modem

DESCRIPTION

The SSI 73K221 is a highly integrated single-chip
modem [C which provides the functions needed to
construct a CCITT V.22 and V.21 compatible modem,
capable of 1200 or 0-300 bit/s full-duplex operation
overdial-uplines. The SSI 73K221 is an enhancement
of the SSI 73K212 single-chip modem with perform-
ance characteristics suitable for European and Asian
telephone systems. The SSI 73K221 produces either
550 or 1800 Hz guard tone, recognizes and generates
a 2100 Hz answer tone, and allows V.21 for 300 Hz
FSK operation. The SS!I 73K221 integrates analog,
digital, and switched-capacitor array functions on a
single substrate, offering excellent performance and a
high level of functional integration in a single 28- or
22-pin DIP configuration. The SSI173K221L, low power
version of the SSI 73K221 provides identical perform-
ance and features, but operates from a single +5 volt
supply with substantially lower power consumption.

The SSI 73K221 includes the DPSK and FSK modula-
tor/demodulator functions, call progress and hand-
shake tone monitor test modes, and a tone generator
capable of producing DTMF, answer and 550 or
1800 Hz guard tone. This device supports
V.22 (except mode v) and V. 21 modes of operation,

(Continued)

November 1991
FEATURES

¢ One-chip CCITT V.22 and V.21 standard
compatible modem data pump

*  Full-duplex Operation at 0-300 bit/s (FSK) or 600
and 1200 bit/s (DPSK)

* Pin and software compatible with other
SSI K-Series 1-chip modems

* Interfaces directly with standard microprocessors
(8048, 80C51 typical)

*  Serial (22-pin DIP) or paraliel (28-pin DIP)
microprocessor bus for control

¢ Serial port for data transfer

* Both synchronous and asynchronous modes of
operation

* Call progress, carrier, precise answer tone
(2100 Hz), and long loop detectors

* DTMF, and 550 or 1800 Hz guard tone generators

* Test modes avallable: ALB, DL, RDL, Mark,
Space, Alternating bit patterns

* Precise automatic gain contro! allows 45 dB
dynamic range

* Space efficient 22- or 28-pin DIP packages

¢ CMOS technology for iow power consumption
using 30 mW @ 5V or 180 mW @ 12V

* Single +5 volt (73K221L) or +12 volt (73K221)

versions
DATA otmFs | CLK 2
ADO-ADT BUS C> sam TONE I h GND
: BUFFER ous - xmi(] 2 2 ] Rxa
] FOR MODULATOR/ xn2(] s 2 [] VREF
DEMODULATOR TRANSMT
% D___,'j. READ CONTROL FLTER O TXA ADO [} « 25 [| RESET
AE D— conthoL —™  DiGITAL AD1[] s 24 ] 1SET
= AND
=Lj= s e vaa R B ey B
RESET STATUS DEMODULATOR FLTER a2 (] ¢ 2 5 RXCLK
l i s [ 7 2 ] RxD
STATUS SMART AD‘E ] 2 {] ™D
N g———op AN DIALNG _
CONTROL seAaL | s ADs [ s =l cs
Lose PORT DETECT
%0 FOR FUNCTIONS AD6 [| 10 1 [] ExCLK
P E—— -7}
RX0 pr————————————| AD7 [ 1 1 [] TXCLK
ALE [‘ 12 7 []INT
[Fowen ] WR (] o 8] TXA
"D 15 {] VDD
Qoo t—
w
g§8s
CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION (Continued)

allowing both synchronous and asynchronous com-
munications. The SSI 73K221 is designedto appearto
the systems designer as a microprocessor peripheral,
and will easily interface with popular one-chip micro-
processors (80C51 typical) for control of modem func-
tions through its 8-bit multiplexed address/data bus or
alternatively via the serial control bus. An ALE control
line simplifies address demultiplexing. Data communi-
cations occurs through a separate serial port only.

The SSI 73K221 is ideal for use in either free standing
or integral system modem products where full-duplex
1200 bit/s data communications over the 2-wire
switched telephone network is desired. Its high func-
tionality, low power consumption and efficient packag-
ing simplify design requirements and increase system
reliability. A complete modem requires only the addi-
tion of the phone line interface, a control microproces-
sor, and RS-232 level converter for a typical system.
The SS173K221 is part of SSi's K-Series family of pin
and function compatible single-chip modem products.
These devices allow systems to be configured for
higher speeds and Bell or CCITT operation with only a
single component change.

OPERATION

ASYNCHRONOUS MODE

Data transmission for the DPSK mode requires that
data ultimately be transmitted in a synchronous
fashion, The SS173K221 includes ASYNC/SYNC and
SYNC/ASYNC converters which delete or insert stop
bits in order to transmit data at a regular rate. In
asynchronous mode the serial data comes from the
TXD pin into the ASYNC/SYNC rate converter. The
ASYNC/SYNC rate converter accepts the data pro-
vided on the TXD pin which normally must be 1200 or
600 bit/s +1.0%, - 2.5%. The rate converter will then
insert or delete stop bits in order to output a signal
which is 1200 or 600 bit/s + .01%.

The serial data stream from the ASYNC/SYNC con-
verter is passed through the data scrambler and onto
the analog modulator. The data scrambler can be
bypassed under processor control when unscrambled
data must be transmitted. The ASYNC/SYNC rate
converter and the data scrambler are bypassed in all
FSK modes. If serialinput data contains a break signal

1-26

throughone character (including start and stop bits) the
break will be extended to at least 2+ N + 3 bits long
(where N is the number of transmitted bits/character).

Serial data from the demodulator is passed first
through the data descrambler and then through the
SYNC/ASYNC rate converter. The SYNC/ASYNC
convertor will reinsert any deleted stop bits and trans-
mit output data at an intra-character rate (bit-to-bit
timing) of no greater than 1219 bit/s. An incoming
break signal (low through two characters) wili be
passed through without incorrectly inserting a stop bit.

The SYNC/ASYNC converter also has an extended
overspeed mode which allows selection of an output
range of either +1% or +2.3%. In the extended
overspeed mode, stop bits are output at 7/8 the normal
width.

SYNCHRONOUS MODE

The CCITT V.22 standard defines synchronous opera-
tion at 600 and 1200 bit/s. The Bell 212A standard
defines synchronous operation only at 1200 bit/s.
Operation is similar to that of the asynchronous mode
except that data must be synchronized to a provided
clock and no variationin datatransfer rate is allowable.
Serialinput data appearing at TXD must be validon the
rising edge of TXCLK.

TXCLK is an internally derived signal in internal mode
and is connected internally to the RXCLK pin in slave
mode. Receive data at the RXD pin is clocked out on
the falling edge of RXCLK. The ASYNC/SYNC con-
verter is bypassed when synchronous mode is
selected and data is transmitted at the same rate as it
is input.

DPSK MODULATOR/DEMODULATOR

The SSI 73K221 modulates a serial bit streaminto dibit
pairs that are represented by four possible phase shifts
as prescribed by the V.22 standard. The baseband
signal is then filtered to reduce intersymbol interfer-
ence on the bandlimited 2-wire telephone line. Trans-
mission occurs on either a 1200 Hz (originate mode) or
2400 Hz carrier (answer mode). Demodulation is the
reverse of the modulation process, with the incoming
analog signal eventually decoded into di-bits and con-
verted back to a serial bit stream. The demodulator
also recovers the clock which was encoded into the
analog signal during modulation. Demodulation
occurs using either a 1200 Hz carrier (answer mode or
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ALB originate mode) or a 2400 Hz carrier (originate
mode or ALB answer mode). The SSI 73K221 uses a
phase locked loop coherent demodulation technique
for optimum performance.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. V.21 mode uses 980 and
1180 Hz (originate, mark and space) or 1650 and
1850 Hz (answer, mark and space). Demodulation
involves detecting the received frequencies and
decoding them into the appropriate binary value. The
rate converter and scrambler/descrambler are by-
passed in the V.21 mode.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the re-
ceive channel. Amplitude and phase equalization are
necessary to compensate for distortion of the transmis-
sion line and to reduce intersymbol interference in the
bandlimited receive signal. The transmit signalfiltering
approximates a 75% square root of raised Cosine
frequency response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, optionse-
lect and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect register is read only
and cannot be modified except by modem response to
monitored parameters.
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SERIAL COMMAND INTERFACE

The serial command mode allows access to the
SSI 73K221 control and status registers via a serial
command port (22-pin version only). In this mode the
A0,A1andA2lines provide register addresses for data
passed through the data pin under control of the RD
and WR lines. A read operation is initiated when the
RD line is taken low. The first bit is available after RD
is brought low and the next seven cycles of EXCLK will
then transfer out the remaining seven bits of the se-
lected address LSBfirst. Awrite takes place by shifting
in eight bits of data LSB first for eight consecutive
cycles of EXCLK. WR is then pulsed low and data
transferred into the addressed register on the rising
edge of WR.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received
analog signal to determine status or presence of car-
rier, call-progress tones, answer tone and weak
received signal (long loop condition). Anunscrambled
mark signalis also detected whenthe received data out
of the DPSK demodulator before the descrambler has
been mark for 165.5 ms + 6.5 ms minimum. The
appropriate detect register bit is set when one of these
conditions changes and an interrupt is generated for all
conditions except long loop. The interrupts are dis-
abled (masked)whenthe enable interrupt bit is setto 0.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated whenthe DTMF mode
is selected using the tone register and the transmit
enable (CRO bit D1) is changed from O to 1.
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PIN DESCRIPTION

POWER

NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION

GND 28 1 | System Ground.

VvDD 15 11 1 Power supply input, 12V +10%, -20% (or 5V +£10%).
Bypass with .1 and 22 uF capacitors to ground.

VREF 26 21 (0] An internally generated reference voltage. Bypass with
.1 uF capacitor to GND.

ISET 24 19 | Chip current reference. Sets bias currentforop-amps. The

chip current is set by connecting this pin to VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - | Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.
ADO-AD7 4-11 - o Address/data bus. These bidirectional tri-state multi-

plexed lines carry information to and from the internal
control registers.

CcS 20 - 1 Chip select. A low onthis pinduring the falling edge of ALE
allows a read cycle or a write cycle to occur. AD0-AD7 will
not be driven and no registers will be written it CS (latched)
is not active. The state CS is a latched on the falling edge
of ALE.

CLK 1 2 o Outputclock. This pinis selectable under processor control
to be either the crystal frequency (for use as a processor
clock) or 16 x the data rate for use as a baud rate clock in
DPSK modes only. The pin defaults to the crystal fre-
quency on reset.

17 13 (o] Interrupt. Thisopendrainoutput signal is usedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. INT will stay low until the
processor reads the detect register or does a full reset.

Z
_‘

RD 14 - | Read. A low requests a read of the SSI 73K221 internal
registers. Data cannot be output unless both RD and the
latched CS are active or low.

RESET 25 20 I Reset. An active high signal on this pin will put the chip into
aninactive state. Allcontrol register bits (CRO, CR1, Tone)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down permits power on
reset using a capacitor to VDD.
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1
PIN DESCRIPTION (Continued)
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
WR 13 - | Write. A low on this pin informs the SSI 73K221 that data

is available on ADO-AD? for writing into aninternal register.
Data is latched on the rising edge of WR. No datais written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

AD-A2 - 5-7 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 10 Serial Control Data. Data for a read/write operation is

clocked inor out onthe falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

RD - 10 | Read. A low onthis input informs the SSI 73K221 that data
or status information is being read by the processor. The
falling edge of the RD signal will initiate a read from the
addressed register. The RD signal must continue for eight
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

WR - 9 | Write. A low onthis input informs the SSI 73K221 that data
or status information has been shifted inthrough the DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pin for eight consecutive falling edges of EXCLK
andthento pulse WR low. Data is written onthe risingedge
of WR.

Note:  Inthe serial, 22-pin version, the pins AD0-AD7, ALE and CS are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are useddifferently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and ADQ, AD1 and AD2 become AQ, A1 and A2, respectively.
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PIN DESCRIPTION (Continued)

DTE USER INTERFACE

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

EXCLK

19

15

External Clock. This signalis used in synchronous trans-
mission when the external timing option has been selected.
In the external timing mode the rising edge of EXCLK is
used to strobe synchronous DPSK transmit data applied to
the TXD pin. Alternately used for serial control interface.

RXCLK

23

18

Receive Clock. The falling edge of this clock output is
coincident with the transitions in the serial received data
output. The rising edge of RXCLK can be used to latch the
valid output data at RXD. RXCLK will be valid as long as
a carrier is present in DPSK synchronous modes.

RXD

22

17

Received Digital Data Output. Serial receive data is
available on this pin. The data is always valid on the rising
edge of RXCLK when in synchronous mode. RXD will
output constant marks if no carrier is detected.

TXCLK

18

14

Transmit Clock. This signal is used in DPSK synchronous
transmission to latch serial input data on the TXD pin. Data
must be provided so that valid data is available onthe rising
edge of the TXCLK. The transmit clock is derived from
different sources depending upon the synchronization
mode selection. In Internal Mode the clock is generated
internally. In External Mode TXCLK is phase locked to the
EXCLK pin. In Slave Mode TXCLK is phase locked to the
RXCLK pin. TXCLK is always active.

TXD

21

16

Transmit Data Input. Serialdata fortransmission is applied
to this pin. In synchronous modes, the data must be valid
on the rising edge of the TXCLK. In asynchronous modes
(1200/600 bit/s or 300 baud) no clocking is necessary.
DPSK data must be 1200/600 bit/s +1%, -2.5% or +2.3%,
-2.5 % in extended overspeed mode.

ANALOG INTERFACE Al

ND OSCILLATOR

RXA

27

22

Received modulated analog signal input from the tele-
phone line interface.

TXA

16

12

Transmit analog output to the telephone line interface.

XTL1
XTL2

2
3

3
4

These pins are for the internal crystal oscillator requiring
an 11.0592 MHz parallel mode crystal. Load capacitors
should be connected from XTL1 and XTL2 to Ground.
XTL2 can also be driven from an external clock.

1-30
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0 and A1
address lines in serial mode, or the ADO and AD1 lines
in parallel mode. In parallel mode ADO and AD1 lines
are latched by ALE. Register CRO controls the method
by which data is transferred over the phone line. CR1

REGISTER BIT SUMMARY

controls the interface between the microprocessor and
the SSI 73K221 intemal state. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trols the DTMF generator, answer and guardtones and
RXD output driver used in the modem initial connect
sequence. All registers are read/write except for DR
which is read only. Register control and status bits are
identified below:

ADDRESS DATA BIT NUMBER

REGISTER AD2- ADO D7 Ds D4 D3 D2 Dt Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT “TRANSMIT ANSWER/
REGISTER CR¢ 000 OPTION MODE MODE MODE MODE ENABLE ORIGINATE

0 3 2 1 0
CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT SCRAMBLER CONTROL RESET MODE MODE

1 1 [ INTERRUPT 1 0
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER OR 010 DATA MARKS DETECT TONE PROGRESS LooP

TONE T TRANSMIT DYMFU/ DTMFY/

CONTROL TR [} OVERSPEED
REGISTER
CONTROL R o
REGISTER CR2 100 THESE REGISTER LOCATIONS ARE RESERVED FOR

z TR R
CONTROL
REGISTER  CR3 101

3

D
REGISTER ] 110

NOTE: When a register containing reserved

control bits is written into, the reserved bits
must be programmed as 0's.
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
l REGISTER AD2- ADC o7 I D6 l D5 L D4 L D3 D2 D1 Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ORIGINATE/
REGISTER CRO 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
0 3 2 1 0
0=1200 BIT/S DPSK I 0000=PWR DOWN I 0=DISABLE 0=ANSWER
1=600 BIT/S DPSK 0001=INT SYNCH TXAOUTPUT  1=ORIGINATE
0010=EXT SYNCH 1=ENABLE
0011=SLAVE SYNCH TXA OUTPUT
0100=ASYNCH 8 BITS/,CHAR
0101=ASYNCH 9 BITS/.CHAR

0110=ASYNCH 10 BITS/CHAR
0111=ASYNCH 11 BITS/CHAR

1100=FSK
CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT SCRAMBLER | CONTROL RESET MODE MODE
1 1 [ INTERRUPT 1 [)
L_ 00=TX DATA _J 0=DISABLE  0«NORMAL  O=XTAL 0=NORMAL L OO-NOHMAL.__I
01=TX ALTERNATE 1=ENABLE  1sBYPASS 1=16 XDATA  1=RESET 01=ANALOG LOOPBACK
10=TX MARK SCRAMBLER RATE OUTPUT 10=REMOTE DIGITAL
11aTX SPACE AT CLK PIN IN LOOPBACK
DPSK MODE 11=LOCAL DIGITAL
ONLY LOOPBACK
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR| 010 DATA MARKS DETECT TONE PROGRESS Loop
OUTPUTS I 0=CONDITION NOT DETECTED I
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT | TRANSMIT TRANSMIT DTMF1/ DTMFO/
CONTROL TR o11 OUTPUT GUARD/ ANSWER DTMF DTMF3 DYMF2 OVERSPEED GUARD/
REGISTER CONTROL TONE TONE TONE
RXD PIN 0=OFF 0=OFF 0=DATA L 4BIT CODE FOR 1 OF 16 — 11
0=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMBINATIONS. 0=1800 Hz G.T.
1=TRI STATE 12550 Hz G.T.
D
REGISTER 10 10 0 D ) 1)

00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
1100=73K224
1110=73K324
1101=73K312
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CONTROL REGISTER 0
D7 D5 D4 D3 D2 D1 DO
CRO| MODUL. TRANSMIT| TRANSMIT} TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
000 | OPTION MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
DO Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band).
1 Selects originate mode (transmit in low band,receive in
high band).
D1 Transmit 0 Disables transmit output at TXA.
Enable 1 Enables transmit output at TXA.

Note: TX Enable mustbe setto 1 to allow Answer Tone
and DTMF transmission.

D5 D4 D3 D2
DS, D4,D3, Transmit 0 0 0 O Selects power down mode. All functions
D2 Mode disabled except digital interface.
0 0 0 1t Internal synchronous mode. Inthis mode TXCLK is an

internally derived 1200 Hz signal. Serial input data
appearing at TXD must be valid on the rising edge of
TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz +0.01% clock must
be supplied externally.

00 1 1 Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connected internally to
the RXCLK pin in this mode.

01 0 O Selects DPSK asynchronous mode - 8 bits/character
(1 start bit, 6 data bits, 1 stop bit).

01 0 1 Selects DPSK asynchronous mode - 9 bits/character
(1 start bit, 7 data bits, 1 stop bit).

01 1 0 Selects DPSK asynchronous mode - 10 bits/character
(1 start bit, 8 data bits, 1 stop bit).

o1 1 1 Selects DPSK asynchronous mode - 11 bits/character
(1 start bit, 8 data bits, Parity and 1 stop bit).

1 1 0 0 Selects FSK operation.

D6 0 Not used; must be written as a “0.”
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CONTROL REGISTER 0 (Continued)

D7 D5 D4 D3 D2 D1 DO
CRO | MODUL. TRANSMIT [ TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
000 | OPTION MODE 3 MODE2 | MODE 1 MODE 0 ENABLE | ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
D7 D5 D4 Selects:
D7 Modulation 0 0 X DPSK mode at 1200 bit/s.
Option 1 0 X DPSK mode at 600 bit/s.
X = Don't care
CONTROL REGISTER 1
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT | TRANSMIT | ENABLE | BYPASS CLK TEST TEST
CR1 PATTERN PATTERN | DETECT | SCRAMB | CONTROL | RESET | MODE | MODE
001 1 0 INTER. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1, D0 Test Mode 0 0 Selects normal operating mode.

o 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiverto
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be forced
low.

10 Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

1 1 Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit carrier from
TXA pin.

D2 Reset 0 Selects normal operation.
1 Resets modem to power down state.  All control
_register bits (CR0, CR1, Tone) are reset to zero. The
output of the CLK pin will be set to the crystal
frequency.
D3 CLK Control 0 Selects 11.0592 MHz crystal echo output at CLK
(Clock Control) pin.
1 Selects 16 X the data rate, output at CLK pin in DPSK
modes only.
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CONTROL REGISTER 1 (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT | TRANSMIT | ENABLE | BYPASS CLK TEST TEST
CR1 PATTERN PATTERN | DETECT | SCRAMB | CONTROL | RESET | MODE | MODE
001 1 0 INTER. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D4 Bypass 0 Selects normal operation. DPSK data is passed
Scrambler through scrambler.
1 Selects Scrambler Bypass. Bypass DPSK data is
routed around scrambler in the transmit path.
D5 Enable Detect 0 Disables interrupt at INT pin.
Interrupt

Enables INT output. An interrupts will be generated
with a change in status of DR bits D1-D4. The answer
tone and call progress detect interrupts are masked
whenthe TX enable bit is set. Carrier detect is masked
when TX DTMF is activated. All interrupts will be
disabled if the device is in power down mode.

D7 D6
D7, D6 Transmit 0 0 Selects normal data transmission as determined
Pattern by the state of the TXD pin.
0 1 Selects an alternating mark/space transmit pattern for
modem testing.
1 0 Selects a constant mark transmit pattern.
1 1 Selects a constant space transmit pattern.
DETECT REGISTER
D7 D5 D4 D3 D2 D1 DO
DR RECEIVE UNSCR. CARR. ANSWER | CALL LONG
010 DATA MARK DETECT TONE PROG. | LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call Progress 0 No call progress tone detected.
Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in
the 350 to 620 Hz call progress band.
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DETECT REGISTER (Continued)

D5 D4 D3 D2 D1 DO
DR RECEIVE UNSCR. CARR. ANSWER CALL LONG
010 DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
D2 Answer 0 No answer tone detected.
Tone 1 Indicates detection of 2100 Hz answer tone. The
Detect device must be in originate mode for detection of
answer tone.
D3 Carrier 0 No carrier detected in the receive channel.
Detect 1 Indicates carrier has been detected in the received
channel.
D4 Unscrambled 0 No unscrambled mark.
Mark 1 Indicates detection of unscrambled marks in
the received data. This may be used in the V.22
connect sequence or for requesting a remote modem
to configure itself for remote digital loopback. A valid
indication means that unscrambled marks have been
received for > 165.5 + 6.5 ms.
D5 Receive Continuously outputs the received data stream.
Data This data is the same as that output onthe RXD pin, but
it is not disabled when RXD is tri-stated.
D6, D7 Not used.
TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT { TRANSMIT DTMF 1/ DTMF ¢/
TR | OUTPUT GUARD ANSWER DTMF DTMF 3 |DTMF 2 | OVER- GUARD
011| CONTR. TONE TONE SPEED
BIT NO. NAME CONDITION DESCRIPTION
D6 D4 DO DO interacts with bits D6, D5, and D4 as shown.
DO DTMF 0/ X 1 X Transmit DTMF tones.
Guard Tone X 0 0 Transmits 1800 Hz guard tone.
X 0 1 Transmits 550 Hz guard tone.
D4 D1 D1 interacts with D4 as shown.
D1 DTMF 1/ 0 0 Asynchronous DPSK 1200 or 600 bit/s +1.0% - 2.5%
0 1 Asynchronous DPSK 1200 or 600 bit/s +2.3% -2.5%.
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TONE REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ | DTMF 0/
TR | OUTPUT | GUARD ANSWER DTMF DTMF 3| DTMF2 | OVER- GUARD
011 | CONTR. TONE TONE SPEED
BIT NO. NAME CONDITION DESCRIPTION
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 1 1 1 1 transmittedwhen TX DTMF and TX enable bit (CRO, bit

D1) is set. Tone encoding is shown below:

KEYBOARD DTMF CODE TONES
EQUIVALENT D3 D2 D1 DO LOW HIGH

1 0 0 ¢ 1t 697 1209
2 0 010 697 1336
3 0 0 1 1 697 1477
4 01 0 0 770 1209
5 01 0 1 770 1336
6 01 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
.0 1 0 1 0 941 1336
* 1 0 1 1 941 1209
# 1 1 0 0 941 1477
A 11 0 1 697 1633
B 1110 770 1633
C 11 1 1 852 1633
D 0 0 0 0 941 1633
D4 Transmit 0 Disable DTMF.

DTMF Activates DTMF. The selected DTMF tones are

transmitted continuously when this bit is high. TX
DTMF overrides all other transmit functions. Modem
must be in DPSK mode during DTMF transmission.

D5 Transmit 0 Disables answer tone generator.

A‘?cf:l:r 1 Enables answer tone generator. A 2100 Hz answer

tone will be transmitted continuously when the
Transmit Enable bit is setin CRO. The device must be
in answer mode.
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TONE REGISTER (Continued)

D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ | DTMF 0/
TR | OUTPUT | GUARD ANSWER DTMF DTMF 3 |DTMF2 | OVER- GUARD
011 | CONTR. TONE TONE SPEED
BIT NO. NAME CONDITION DESCRIPTION
D6 TX Guard 0 Disables guard tone generator.
(Transmit 1 Enables guard tone generator (See DO for
Guard Tone) selection of guard tones).
D7 RXD Output 0 Enables RXD pin. Receive data will be output on
Control RXD.
1 Disables RXD pin. The RXD pin becomes a high
impedance with internal weak pull-up resistor.
ID REGISTER
D7 Dé D5 D4 D3 D2 D1 DO
ID ID ID ID ID ID
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7,Dé, D5 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L
D4 Identification 01 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L) or 73K321L
11 00 SSI 73K224L
11 1 0 SSI 73K324L
11 0 1 SSI173K312L
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ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 14 \"
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3 to VDD+0.3 \

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
VDD Supply voltage 45 5 55 \"
TA, Operating Free-Air -40 +85 °C
Temperature

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %

external clock
External Components (Refer to Application section for placement.)

VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ
and ISET pins)

ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor 1 (External to GND) 0.1 uF
VDD Bypass Capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20
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ELECTRICAL SPECIFICATIONS (continued)

DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
DD, Supply Current ISET Resistor = 2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
1DD1, Power-down CLK = 11.0592 MHz 4 mA
IDD2, Power-down CLK = 19.200 KHz 3 mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \Y
All other inputs 2.0 VDD \Y%
VIL, Input Low Voltage 0 08 \"
IH, Input High Current VI = VIH Max 100 HA
I, Input Low Current VI = VIL Min -200 HA
Reset Pull-down Current Reset = VDD 1 50 pA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | |OH MIN = -0.4 mA 24 VDD \
VOL, Output Low Voltage 10 MAX = 1.6 mA 0.4 \'
VOL, CLK Output 10 =3.6 mA 0.6 \
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 pA
CMAX, CLK Output Maximum Capacitive Load 15 pF
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ELECTRICAL SPECIFIC

ATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING

(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.)

PARAMETERS CONDITIONS [ min | nom | max | units
PSK Modulator
Carrier Suppression Measured at TXA 55 dB
Output Amplitude TX scrambled marks -11 -10 9 dBmO
FSK Mod/Demod
Qutput Freq. Error CLK = 11.0592 MHz -0.35 +.35 %
Transmit Level Transmit Dotting Pattern -11 -10 -9 dBmo
Harmonic Distortion THD in the alternate band -60 -50 dB
in 700-2900 Hz band DPSK or FSK
Output Bias Distortion Transmit Dotting Pattern +8 %
In ALB @ RXD
Total Output Jitter Random Input in ALB @ RXD -15 +15 %
DTMF Generator (Modem must be in DPSK mode to meet specifications)
Freq. Accuracy -.25 +.25 %
Output Amplitude Low Group, DPSK Mode -10 -9 -8 dBmo
Output Amplitude High Group, DPSK Mode -8 -7 -6 dBmo0
Twist High-Group to Low-Group 1.0 2.0 3.0 dB
Long Loop Detect DPSK or FSK -38 -28 dBmo0
Dynamic Range Refer to Performance Curves 45 dB
Call Progress Detector
Detect Level 2-Tones in 350-600 Hz band -34 0 dBmo0
Reject Level 2-Tones in 350-600 Hz band -41 dBmo
Delay Time -70 dBm0 to -30 dBm0 STEP 27 80 ms
Hold Time -30 dBm0 to -70 dBm0 STEP 27 80 ms
Hysteresis 2 dB
Note: Parameters expressed in dBm0 refer to the following definition:

12V Version

10 dB loss in the Transmit path to the line.
9 dB gain in the Receive path from the line.

5V Version

0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.
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ELECTRICAL SPECIFICATIONS (continued)

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

receive data valid at RXD pin

PARAMETERS CONDITIONS MIN NOM MAX | UNITS
Carrier Detect
Threshold DPSK or FSK receive data -49 -42 dBm0
Delay Time -70 dBmoO to -30 dBmO STEP 15 45 ms
Hysteresis Single tone detected 2 3.0 dB
Hold Time -30 dBmO to -70 dBmO0 STEP 10 24 ms
Answer Tone Detector
Detect Level In FSK mode -49.5 -42 dBmo0
Delay Time -70 dBmO to -30 dBmO STEP 20 45 ms
Hold Time -30 dBm0 to -70 dBmO0 STEP 10 30 ms
Detect Freq. Range -2.5 +2.5 %
Output Smoothing Filter
Qutput load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 db 50 pF
in .3t0 3.4 KHz
Spurious Freq. Comp. Frequency = 76.8 KHz -39 dBm0
Frequency = 153.6 KHz -45 dBm0
Qutput Impedance TXA pin 200 300 Q
Clock Noise TXA pin; 76.8 KHz
5V Version (73K221L) 1.0 mvrms
12V Version (73K221) 2 mvVrms
Carrier VCO
Capture Range Originate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Frequency Change
Recovered Clock
Capture Range -625 +625 ppm
Data Delay Time Analog data in at RXA pin to 30 50 ms
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ELECTRICAL SPECIFICATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN | NOM MAX | UNITS

Guard Tone Generator
Tone Accuracy 550 or 1800 Hz -20 +20 Hz
Tone Level 550 Hz -4.0 -3.0 -2.0 dB
(Below DPSK Qutput) 1800 Hz -7.0 -6.0 -5.0 dB
Harmonic Distortion 550 Hz -50 dB
700 to 2900 Hz 1800 Hz , -60 dB

Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE low 30 ns
TLA CS/Addr. hold after ALE low 20 ns
TLC ALE low to RD/WR low 40 ns
TCL RD/WR Control to ALE high 10 ns
TRD Data out from RD low 0 160 ns
TLL ALE width 60 ns
TRDF Data float after RD high 0 80 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000* ns
TDW Data setup before WR high 150 ns
TWD Data hold after WR high 20 ns
TCKD Data out after EXCLK low 200 ns
TCKW WR after EXCLK low 150 ns
TDCK Data setup before EXCLK low 150 ns
TAC Address setup before control** 50 ns
TCA Address hold after control** 50 ns
TWH Data hold after EXCLK 150 ns

*  Maximum time applies to paraliel version only.

** Control for setup is the falling edge of RD or WR. .

Control for hold is the faliing edge of RD or the rising edge of WR.
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TIMING DIAGRAMS

TLL

BUS TIMING DIAGRAM (PARALLEL VERSION)

ALE - + %
TLC TRW ToL
RO e TWW
WR R I S
TRDF TWD
TAL ow ¥
ADO-AD7 READ DATA ADDRESS
S =B
READ TIMING DIAGRAM (SERIAL VERSION)
EXCLK
}‘EE‘TCA |
— IO—TRD HITCKD TRDF
DATA__.{DOX D1 }K D2 x D3 X D4 X X D6 n
WRITE TIMING DIAGRAM (SERIAL VERSION)
EXCLK
HTWW
wn v
TCKW:J L
TAC
TCA
A0-2 ADDRE
TDCK HMH
DATA—~K Do X DY )< 02 X X D4 X X 07 )f.——
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial datainter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: one forasplit+5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

& C14 C13
39 pF 18 pF
i 45V
11.0592
MHZ
NC
1 EEEN
RS232 XTz  Xiti CLK XTL1 XTL2 VDD E
LEVEL
CONVERTERS wr wr BET
— mrs 8ocs1
ca H>- ore P1.0 P0.0-7 i GND
cs <} ey P11
cc <} o P12 L) AD VREF
cp H> P13 WH WR
oD ALE ALE ssi
oF =< P15 <X TS  KSERES
LOW
P16 P32 [— POWER
r 3.0 P17 RESET FAMILY
o | 0
. AXD
EXCLK
DA
oo AT
o8 TXCLK
— RESET XA
s, Us
MC145406 oV
ci2
T

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serial interface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

Inmost applications the controller will monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232 interface handshake lines are used formodem
control.

* Note: Values shown are for 5V low power
K-Series products. For 12V versions
these values change to:

C1 =150 pF
C2 = 750 pF
R5 = 86.6K
R7 = 14.3K

Dt
IN4ODS

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthe transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp at the same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude than data, these

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
to invert the signal coming fromthe gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

c7 +CG
lo,l W Iqu

4

FIGURE 2: Single 5V Hybrid Version
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Unlike digital logic circuitry, however, modem designs
must properly contend with precise frequency toler-
ances and very low level analog signals, to ensure
acceptable performance. Using good analog circuit
designpractices will generally result in a sound design.
Following are additional recommendations which
should be taken into consideration when starting new
designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily onthe
crystal's characteristics, and to a lesser degree onthe
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
control systemnoise in order to obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem shouldbe treated
as a high impedance analog device. A 22 pF elec-
trolytic capacitor in parallel with a 0.1 uF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should not be routed near
low level or highimpedance analog traces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC’s should have both
high frequency and low frequency bypassing as close
to the package as possible.
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MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I” modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.
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= “EQ On" Indicates bit CR1 D4 is set for additional phase equalization.
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PACKAGE PIN DESIGNATIONS o« [ 51 ano
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22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K221 with Parallel Bus Interface
28-pin 12 volt supply
Plastic Dual-In-Line 73K221 - IP 73K221 ~ IP
Plastic Leaded Chip Carrier 73K221 - IH 73K221 - H
28-pin 5 volt supply
Plastic Dual-In-Line 73K221L - IP 73K221L - IP
Plastic Leaded Chip Carrier 73K221L - IH 73K221L — IH
$S1 73K212 with Serial Interface
22-pin 12 volt supply
Plastic Dual-In-Line 73K221S - IP 73K221S - IP
22-pin 5 volt supply
Plastic Dual-In-Line 73K221SL - IP 73K221S ~ IP

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 673-6914
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SSI 73K222/K222L
V.22, V.21, Bell 212A
Single-Chip Modem

DESCRIPTION

The SSI 73K222 is a highly integrated single-chip
modem IC which provides the functions needed to
construct a CCITT V.22, V.21 and Bell 212A compat-
ible modem, capable of 1200 bit/s full-duplex opera-
tion over dial-up lines. The SSI 73K222 is an enhance-
ment of the SSI 73K212 single-chip modem which
adds V.22 and V.21 modes to the Bell 212A and 103
operation of the SSI 73K212. In Bell 212A mode, the
SSI 73K222 provides the normal Bell 212A and 103
functions and employs a 2225 Hz answer tone. The
SSI 73K222 in V.22 mode produces either 550 or
1800 Hz guard tone, recognizes and generates a
2100 Hz answer tone, and allows 600 bit/'s V.22 or
0-300 bit/s V.21 operation. The SS173K222 integrates
analog, digital, and switched-capacitor array functions
on a single substrate, offering excellent performance
and a high level of functional integration in a single 28-
or 22-pin DIP configuration. The SSI 73K222L, low
power version of the SSI 73K222 provides identical
performance and features, but operates from a single
+5 volt supply with substantially lower power
consumption.

The SSI 73K222 includes the DPSK and FSK modula-
tor/demodulator functions, call progress and hand-
shake tone monitor and a tone generator capable of

November 1991
FEATURES

* One-chip CCITT V.22, V.21, Bell 212A and 103
standard compatibie modem data pump

* Full-duplex operation at 0-300 bit/s (FSK) or 600 and
1200 bit/s (DPSK)

* Pin and software compatible with other
SSI K-Series 1-chip modems

* Interfaces directly with standard microprocessors
(8048, 80C51 typical)

* Serial (22-pin DIP) or parallel (28-pin DIP) micropro-
cessor bus for control

*  Serlal port for data transfer

* Both synchronous and asynchronous modes of
operation Including V.22 extended overspeed

* Call progress, carrier, precise answer tone (2100 or
2225 Hz), and long loop detectors

* DTMF, and 550 or 1800 Hz guard tone generators

* Test modes avallable: ALB, DL, RDL, Mark, Space,
Alternating bit patterns

* Precise automatic gain control allows 45 dB
dynamic range

* Space efficient 22- or 28-pin DIP packages

* CMOS technology for low power consumption
using 30 mW @ 5V or 180 mW @ 12V

* Single +5 volt (73K222L) or +12 voit (73K222)

(Continued) versions
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CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION (Continued)

tone required for European applications. This device
suppors V.22 (except mode v) and V. 21 modes of
operation, allowing both synchronous and asynchro-
nous communications. Test features such as analog
loop, digital loop, and remote digital loopback are
supported. Internal pattern generators are also
included for self-testing. The SSI 73K222 is designed
1o appear to the systems designer as a microprocessor
peripheral, and will easily interface with popular
one-chip microprocessors (80C51 typical) for control
of modem functions through its 8-bit muitiplexed
address/data bus or serial control bus. An ALE control
line simplifies address demultiplexing. Data communi-
cations occurs through a separate serial port only.

The SSI 73K222 is ideal for use in either free standing
or integral system modem products where full-duplex
1200 bit/s data communications over the 2-wire
switched telephone network is desired.  Its high func-
tionality, low power consumption and efficient packag-
ing simplify design requirements and increase system
reliability. A complete modem requires only the addi-
tion of the phone line interface, a control microproces-
sor, and RS-232 level converter for a typical system.
The SSI 73K222 is part of Silicon Systems' K-Series
family of pin and function compatibie single-chip
modem products. These devices allow systems to be
configured for higher speeds and Bellor CCITT opera-
tion with only a single component change.

OPERATION

ASYNCHRONOUS MODE

Data transmission for the DPSK mode requires that
data ultimately be transmitted in a synchronous fash-
ion, The SSI 73K222 includes ASYNC/SYNC and
SYNC/ASYNC converters which delete or insert stop
bits in order to transmit data within a +0.01% rate. In
asynchronous mode the serial data comes from the
TXD pin into the ASYNC/SYNC converter. The
ASYNC/SYNC converter accepts the data provided on
the TXD pin which normally must be 1200 or 600 bit/s
+1.0%, -2.5%. The converter will then insert or delete
stopbits inorder to output a signal whichis 1200 or 600
bit/s £ 0.01% (+ 0.01% is required synchronous data
rate accuracy).

1-562

The serial data stream from the ASYNC/SYNC con-
verter is passed through the data scrambler and onto
the analog modulator. The data scrambler can be
bypassed under processor control when unscrambled
data must be transmitted. The ASYNC/SYNC con-
verter and the data scrambler are bypassed in all FSK
modes. If serial input data contains a break signal
throughone character (including start and stop bits) the
break will be extended to at least 2+ N + 3 bits long
(where N is the number of transmitted bits/character).

Serial data from the demodulator is passed first
through the data descrambler and then through the
SYNC/ASYNC converter. The SYNC/ASYNC con-
vertor will reinsert any deleted stop bits and transmit
output data at an intra-character rate (bit-to-bit timing)
of no greater than 1219 bit/s. Anincoming break signal
(low through two characters) will be passed through
without incorrectly inserting a stop bit.

The SYNC/ASYNC converter also has an extended
overspeed mode which allows selection of an
overspeed range of either +1% or +2.3%. In the
extended overspeed mode, stop bits are output at 7/8
the normal width.

SYNCHRONOUS MODE

The CCITT V.22 standard defines synchronous opera-
tion at 600 and 1200 bit/s. The Bell 212A standard
defines synchronous operation only at 1200 biv/s.
Operation is similar to that of the asynchronous mode
except that data must be synchronized to a provided
clock and no variationin datatransfer rate is allowable.
Serialinput data appearing at TXD must be validon the
rising edge of TXCLK.

TXCLK is an internally derived signal in internal mode
and is connected internally to the RXCLK pin in siave
mode. Receive data at the RXD pin is clocked out on
the falling edge of RXCLK. The ASYNCH/SYNCH
converter is bypassed when synchronous mode is
selected and datais transmitted out at the same rate as
it is input.

DPSK MODULATOR/DEMODULATOR

The SSI 73K222 modulates a serial bit stream into
di-bit pairs that are represented by four possible phase
shifts as prescribed by the Bell212A or V.22 standards.
The baseband signal is then filtered to reduce inter-
symbol interference on the bandlimited 2-wire
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telephone line. Transmission occurs using either a
1200 Hz (originate mode) or 2400 Hz carrier (answer
mode). Demodulation is the reverse of the modulation
process, with the incoming analog signal eventually
decoded into di-bits and converted back to a serial bit
stream. The demodulator also recovers the clock
which was encoded into the analog signal during
modulation. Demodulation occurs using either a
1200 Hz carrier (answer mode or ALB originate mode)
or a 2400 Hz carrier (originate mode or ALB answer
mode). The SSI 73K222 uses a phase locked loop
coherent demodulation technique for optimum
receiver performance.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. In Bell 103, the standard
frequencies of 1270 and 1070 Hz (originate, mark and
space) or 2225 and 2025 Hz (answer, mark and space)
areused. V.21 mode uses 980 and 1180 Hz (originate,
mark and space), or 1650 and 1850Hz (answer, mark
and space). Demodulation involves detecting the
received frequencies and decoding them into the
appropriate binary value. The rate converter and
scrambler/descrambler are bypassed in the 103 or
V.21 modes.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line and to reduce intersymbol interfer-
ence in the bandlimited receive signal. The transmit
signal filtering approximates a 75% square root of
raised Cosine frequency response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
receiver dynamic range of >45 dB.

1 - rev.
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PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect register is read only
and cannot be modified except by modem response to
monitored parameters.

SERIAL COMMAND INTERFACE

The serial command interface allows access to the
SS1 73K222 control and status registers via a serial
command port (22-pin version only). In this mode the
A0,A1and A2lines provide register addresses fordata
passed through the data pin under control of the RD
and WR lines. A read operation is initiated when the
RD line is taken low. The first bit is available after RD
is brought low and the next seven cycles of EXCLK will
then transfer out seven bits of the selected address
LSB first. Awrite takes place by shifting in eight bits of
data LSB first for eight consecutive cycles of EXCLK.
WR is then pulsed low and data transferred into the
addressed register occurs on the rising edge of WR.
This interface mode is also supported in the 28-pin
packages. See serial controlinterface pin description.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received ana-
log signal to determine status or presence of carrier,
call-progress tones, answer tone and weak received
signal (long loop condition). An unscrambled mark
request signal is also detected when the received data
out of the DPSK demodulator before the descrambler
has been high for 165.5 ms + 6.5 ms minimum. The
appropriate detect register bit is set when one of these
conditions changes and an interruptis generated for all
purposes except longloop. Theinterrupts aredisabled
(masked) when the enable interrupt bit is set to 0.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated when the DTMF mode
is selected using the tone register and the transmit
enable (CRO bit D1) is changed from 0 to 1.
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PIN DESCRIPTION

POWER

NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION

GND 28 1 | System Ground.

vDD 15 11 | Power supply input, 12V +10%, -20% (73K222) or 5V +10%
(73K222L). Bypass with .1 and 22 puF capacitors to GND.

VREF 26 21 o An internally generated reference voltage. Bypass with
.1 pF capacitor to ground.

ISET 24 19 | Chip currentreference. Setsbias currentforop-amps. The

chip current is set by connecting this pinto VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - | Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

AD0-AD7 4-11 - 1o Address/data bus. These bidirectional tri-state muiti-
plexed lines carry information to and from the internal
registers.

CS 20 - | Chip select. Alow onthis pin during the falling edge of ALE

allows a read cycle or a write cycle to occur. AD0-AD7 will
not be driven and no registers will be written if CS (latched)
is not active. The state of CS is latched on the falling edge
of ALE.

CLK 1 2 o} Output clock. This pinis selectable under processorcontrol
to be either the crystal frequency (for use as a processor
clock) or 16 x the data rate for use as a baud rate clock in
DPSK modes only. The pin defaults to the crystal fre-
quency on reset.

=
—*

17 13 (0] Interrupt. Thisopendrainoutput signalis usedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. INT will stay low until the
processor reads the detect register or does a full reset.

RD 14 - ! Read. A low requests a read of the SSI 73K222 internal
registers. Data cannot be output unless both RD and the
latched CS are active or low.

RESET 25 20 | Reset. An active high signal on this pin will put the chip into
aninactive state. Allcontrol registerbits (CR0O, CR1, Tone)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down resistor permits
power on reset using a capacitor to VDD.

1-54
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PIN DESCRIPTION (Continued)
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
WR 13 - | Write. A low on this informs the SSI 73K222 that data is

available on ADO-AD?7 for writing into an internal register.
Data is latched onthe rising edge of WR. No data is written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

A0-A2 - 5-7 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 /o Serial Control Data. Data for a read/write operation is

clocked in or out on the falling edge of the EXCLK pin. The
direction of data flow is controlied by the RD pin. RD low
outputs data. RD high inputs data.

RD - 10 | Read. A low on this input informs the SSI 73K222 that data
or status information is being read by the processor. The
falling edge of the RD signal will initiate a read from the
addressed register. The RD signal must continue for eight
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

WR - 9 I Write. A low onthis input informs the SSI 73K222 that data
or status information has been shifted inthrough the DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pin for eight consecutive falling edges of EXCLK
andthento pulse WR low. Datais writtenonthe rising edge
of WR.

Note: In the serial, 22-pin version, the pins AD0-AD7, ALE and_€_§ are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are used differently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and ADO, AD1 and AD2 become AQ, A1 and A2, respectively.
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PIN DESCRIPTION (Continued)

DTE USER

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

EXCLK

19

15

External Clock. This signal is used in synchronous trans-
missionwhen the external timing option has been selected.
In the external timing mode the rising edge of EXCLK is
used to strobe synchronous DPSK transmit data applied to
on the TXD pin. Also used for serial control interface.

RXCLK

23

18

Receive Clock. The falling edge of this clock output is
coincident with the transitions in the serial received data
output. The rising edge of RXCLK canbe used to latchthe
valid output data. RXCLK will be valid as long as a carrier
is present.

RXD

22

17

Received Data Output. Serial receive data is available on
this pin. The data is always valid on the rising edge of
RXCLK when in synchronous mode. RXD will output
constant marks if no carrier is detected.

TXCLK

18

14

Transmit Clock. This signal is used in synchronous trans-
mission to latch serial input data onthe TXD pin. Data must
be provided so that valid data is available on the rising edge
of the TXCLK. The transmit clock is derived from different
sources depending upon the synchronization mode selec-
tion. In Internal Mode the clock is generated internally. In
External Mode TXCLK is phase locked to the EXCLK pin.
In Slave Mode TXCLK is phase locked to the RXCLK pin.
TXCLK is always active.

TXD

21

16

Transmit Data Input. Serial datafortransmissionis applied
on this pin. In synchronous modes, the data must be valid
on the rising edge of the TXCLK clock. In asynchronous
modes (1200/600 bit/s or 300 baud) no clocking is neces-
sary. DPSK data must be 1200/600 bit/s +1%, -2.5% or
+2.3%, -2.5 % in extended overspeed mode.

ANALOG INTERFACE AND OSCILLATOR

RXA 27 22 | Received modulated analog signal input from the tele-
phone line interface.

TXA 16 12 (0] Transmit analog output to the telephone line interface.

XTL1 2 3 | These pins are for the internal crystal oscillator

XTL2 3 4 | requiring a 11.0592 MHz parallel mode crystal. Load

capacitors should be connected from XTL1 and XTL2 to
Ground. XTL2 can also be driven from an external clock.
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0, A1 and
A2 address lines in serial mode, or the ADQ, AD1 and
AD2 lines in parallel mode. In parallel mode the
address lines are latched by ALE. Register CRO
controls the method by which data is transferred over

REGISTER BIT SUMMARY

the phone line. CR1 controlstheinterface betweenthe
microprocessor and the SSI 73K222 internal state. DR
is a detect register which provides an indication of
monitored modem status conditions. TR, the tone
control register, controls the DTMF generator, answer
and guard tones and RXD output gate used in the
modem initial connect sequence. All registers are
read/write except for DR which is read only. Register
control and status bits are identified below:

ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO D7 DS D4 D3 D2 D1 Do
CONTROL MODULATION TRANSMIT TRANSMIT TR T T T TR T
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ORIGINATE
[ 3 2 1 [}
CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CRt 001 PATTERN PATTERN DETECT SCRAMBLER | CONTROL RESET MODE MODE
1 1 ] INTERRUPT 1 []
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR 010 DATA MARKS DETECT TONE PROGRESS LooP
TONE RXD TRANSMIT TRANSMIT TRANSMIT DTMFV/ DTMFO/
CONTROL L] 011 OUTPUT GUARD ANSWER DTMF DTMF3 DIMF2 OVERSPEED GUARD/
REGISTER CONTROL TONE TONE ANS TONE
CONTROL
REGISTER  CR2 100 THESE REGISTER LOCATIONS ARE RESERVED FOR
2 S S
CONTROL
REGISTER  CR3 101 USE WITH OTHER K-SERIES FAMILY MEMBERS
3 0RIS Qe o0 2088 R P00 00To o
(]
REGISTER 0 110

NOTE: When a register containing reserved control
bits is written into, the reserved bits must be
programmed as 0's.
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
| wecsten AD2 - ADO v | os s o« | b D2 D1 Do
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ORIGNATE/
REGISTER CRO | 00 OPTION MODE MODE MODE MODE ENABLE ANSWER
° 3 2 1 °
0=1200 BIT/S DPSK | 0000<PWR DOWN J O-DISABLE  O=ANSWER
1=600 BIT/S DPSK 0001=INT SYNCH TXAOUTPUT  1=ORIGINATE
0=BELL 103 FSK 0010=EXT SYNCH 1=ENABLE
1-V.21 FSK 0011=SLAVE SYNGH TXA OUTPUT
0100=ASYNCH 8 BITS/CHAR
0101-ASYNCH 9 BITSICHAR
0110-ASYNCH 10 BITS/CHAR
0111=ASYNCH 11 BITSICHAR
1100-FSK
CONTROL TRANSMIT | TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER CR1 | o001 PATTERN PATTERN DETECT | SCRAMBLER | CONTROL RESET MODE MODE
1 1 ] INTERRUPT 1 0
I__ 00=TX DATA J 0-DISABLE  O=NORMAL  O=XTAL 0=NORMAL [ OO-NORMAL_I
01-TX ALTERNATE 1=ENABLE  1-BYPASS  1=16 XDATA  1wRESET 01~ANALOG LOOPBACK
10=TX MARK SCRAMBLER RATE OUTPUT 10=REMOTE DIGITAL
11=TX SPACE AT CLK PIN IN LOOPBACK
DPSK MODE 11-LOCAL DIGITAL
ONLY LOOPBACK
DETECT RECEIVE UNSCR. CARRIER ANSWER CcALL LONG
REGISTER DR[| 010 DATA MARKS DETECT TONE PROGRESS LOOP
oUTPUTS L c-coNomoN NOT DETECTED .
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT | TRANSMIT DTMFY/ by
CONTROL  TR| o1 OUTPUT GUARD/ ANSWER DTMF OTMF3 pMr2 | ovemspeep | SUARDY
REGISTER CONTROL TONE TONE e
RXD PIN 0=OFF 0=OFF 0-DATA L 4 cooE For+1 oF 16— |
0=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMBINATIONS. 0=2225 Hz AT,
1=TRISTATE 1800 Hz GT.
1=2100 HZ AT,
500 Hz G.T.
0
REGSTER 10| 110 ™ 0 1D )
00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
1100=73K224
1110=73K324
1101 =73K312
1-68
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CONTROL REGISTER 0

D4 D3 D2 D1 DO

TRANSMIT { TRANSMIT | TRANSMIT ] TRANSMIT| ANSWER/
MODE 2 MODE 1 MODE 0 | ENABLE |ORIGINATE

BIT NO. NAME CONDITION DESCRIPTION
Do Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band).
1 Selects originate mode (transmit inlow band,receive in
high band).
D1 Transmit 0 Disables transmit output at TXA.
Enable

Enables transmit output at TXA.
Note: TX Enable mustbe setto 1to allow Answer Tone
and DTMF Transmiission.

D5 D4 D3 D2
D5, D4,D3, Transmit 0 0 0 0 Selects power down mode. All functions
D2 Mode disabled except digital interface.
0 0 0 1 Internal synchronous mode. Inthis mode TXCLK is an

internally derived 1200 Hz signal. Serial input data
appearing at TXD must be valid on the rising edge of
TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz + 0.01% clock must
be supplied externally.

00 1 1 Siave synchronous mode. Same operation as other
synchronous modes. TXCLK is connectedinternally to
the RXCLK pin in this mode.

0 1t 0 O Selects PSK asynchronous mode - 8 bits/character
(1 start bit, 6 data bits, 1 stop bit).

0 1t 0 1 Selects PSK asynchronous mode - 9 bits/character
(1 start bit, 7 data bits, 1 stop bit).

01 1 0 Selects PSK asynchronous mode - 10 bits/character
(1 start bit, 8 data bits, 1 stop bit).

0 1 1 1 Selects PSK asynchronous mode - 11 bits/character
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits).

1 1 0 0 Selects FSK operation.

D6 0 Not used; must be written as a “0.”
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CONTROL REGISTER 0 (Continued)
D4 D3 . b2 D1 DO
TRANSMIT| TRANSMIT | TRANSMIT | TRANSMIT{ ANSWER/
MODE 2 MODE 1 MODE 0 ENABLE |ORIGINATE
BIT NO NAME CONDITION DESCRIPTION
D7 D5 D4 Selects:
D7 Modulation 0 0 X DPSK mode at 1200 bit/s.
Option 1 0 X DPSK mode at 600 bit/s.
0 1 1 FSK Bell 103 mode.
1 1 1 FSK CCITT V.21 mode..
X = Don't care
CONTROL REGISTER 1
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT TRANSMIT | ENABLE | BYPASS CLK TEST | TEST
CR1 PATTERN PATTERN DETECT | SCRAMB [CONTROL | RESET | MODE | MODE
001 1 0 INTER. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1,D0 Test Mode 0 0 Selects normal operating mode.

0 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be forced
low.

10 Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

11 Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit carrier from
TXA pin.

D2 Reset 0 Selects normal operation.

1 Resets modem to power down state.  All control
register bits (CRO, CR1, Tone) are reset to zero. The
output of the CLK pin will be set to the crystal
frequency.

D3 CLK Control 0 Selects 11.0592 MHz crystal echo output at CLK
(Clock Control) pin.

1 Selects 16 X the data rate, output at CLK pin in DPSK

modes only.
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CONTROL REGISTER 1 (Continued)
D7 D6 D5 D4 D3 D2 D1 Do

TRANSMIT TRANSMIT | ENABLE | BYPASS CLK TEST | TEST
CR1 PATTERN PATTERN DETECT | SCRAMB | CONTROL | RESET | MODE | MODE
001 1 0 INTER. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D4 Bypass 0 Selects normal operation. DPSK data is passed

Scrambler through scrambler.

1 Selects Scrambler Bypass. Bypass DPSK data is

routed around scrambler in the transmit path.
D5 Enable Detect 0 Disables interrupt at INT pin.

1 Enables INT output. An interrupts will be generated
with a change in status of DR bits D1-D4. The answer
tone and call progress detect interrupts are masked
whenthe TX enable bitis set. Carrier detectis masked
when TX DTMF is activated. All interrupts will be
disabled if the device is in power down mode.

D7 D6
D7, D6 Transmit 0 0 Selects normal data transmission as controlled
Pattern by the state of the TXD pin.
0 1 Selects an alternating mark/space transmit pattern for
modem testing.
10 Selects a constant mark transmit pattern.
1 1 Selects a constant space transmit pattern.
DETECT REGISTER
D5 D4 D3 D2 D1 Do
DR RECEIVE | UNSCR. CARR. ANSWER CALL LONG
010 DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call 0 No call progress tone detected.
Progress 1 Indicates presence of call progress tones. The call
Detect progress detection circuitry is activated by energy in
the 350 to 620 Hz call progress band.

I -rev.
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DETECT REGISTER (Continued)

D5 D4 D3 D2 D1 DO
DR RECEIVE | UNSCR. CARR. ANSWER | CALL LONG
010 DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
D2 Answer 0 No answer tone detected.
Tone 1 Indicates detection of 2225 Hz answer tone in  Bell
Detect mode or 2100 Hz in CCITT mode. The device must be
in originate mode for detection of answer tone. For
CCITT answer tone detection, bit DO of the Tone
Register must be settoa 1.
D3 Carrier 0 No carrier detected in the receive channel.
Detect 1 Indicates carrier has been detected in the receive
channel.
D4 Unscrambled 0 No unscrambled mark.
l;/(la?:ét 1 indicates detection of unscrambled marks in
the received data. A valid indication requires that
unscrambled marks be received for > 165.5 £ 6.5 ms.
D5 Receive Continuously outputs the received data stream. This
Data data is the same as that output on the RXD pin, but it
is not disabled when RXD is tri-stated.
D6, D7 Not used.
TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ { DTMF 0/
TR | OUTPUT | GUARD ANSWER DTMF DTMF 3 | DTMF 2 OVER- | ANSWER/
011 | CONTR. TONE TONE SPEED | GUARD
BIT NO. NAME CONDITION DESCRIPTION
D6 D5 D4 DO DO interacts with bits D8, D5, and D4 as shown.
Do DTMF o/ X X 1 X Transmit DTMF tones.
Answer/ P
Guard Tone X 0 0 0 Detects 2225 Hz in originate mode.
X 1 0 O Transmits 2225 Hz in answer mode (Bell).
X 0 0 1 Detects 2100 Hz in originate mode.
X 1 0 1 Transmits 2100 Hz in answer mode (CCITT).
i 0 0 O Select 1800 Hz guard tone.
1 0 0 1 Select 550 Hz guard tone.
D4 D1 D1 interacts with D4 as shown.
D1 DTMF 1/ 0 0 Asynchronous DPSK +1.0% -2.5%.
Overspeed 0o 1 Asynchronous DPSK +2.3% -2.5%.
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TONE REGISTER

D7

RXD
OUTPUT
CONTR.

D&

TRANSMIT
GUARD
TONE

D5 D4 D3 D2 D1

TRANSMIT | TRANSMIT DTMF 1/
ANSWER DTMF OVER-
TONE SPEED

DO

DTMF 0/
ANSWER/
GUARD

TR
o1

DTMF 3 { DTMF 2

BIT NO. NAME CONDITION

D3 D2 D1 DO

DESCRIPTION

D3, D2,
D1, DO

0 0 0 O-
11 1 1

Programs 1 of 16 DTMF tone pairs that will be
transmitted when TX DTMF and TX enable bit (CRO, bit
D1) are set. Tone encoding is shown below:

KEYBOARD
EQUIVALENT

DTMF CODE
D3 D2 D1 DO

TONES
LOW HIGH

-
o
o
o
-

697 1209
697 1336
697 1477
770 1209
770 1336
770 1477
852 1209
852 1336
852 1477
941 1336
941 1209
941 1477
697 1633
770 1633
852 1633
941 1633

* OO 0 IND I |AIWIN

O ok [odh ok [k |k [k [k [ (DO OO

Ok | [ed | O OO QO |dh | |ed | |O]O
Q| =t | = OO | [ [OQO =2 QOQO(=[—=
O|= O = |0O|= O |= O!=|O|=|O|= O

OO0 | (> %

D4 Disable DTMF.

Activates DTMF. The selected DTMF tones are
transmitted continuously when this bit is high. TX
DTMF overrides all other transmit functions.

D5 interacts with bits D4 and DO as shown.
Disables answer tone generator.

Enables answer tone generator. A 2225 Hz

answer tone will be transmitted continuously when the
Transmit Enable bit is set in CR0O. The device must be
in answer mode.

Likewise a 2100 Hz answer tone will be transmitted.

Transmit 0
DTMF

D5 D4 DO
0 0
0 0

D5 Transmit
Answer
Tone

[y
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TONE REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ | DTMF o/
TR | OUTPUT | GUARD ANSWER DTMF DTMF3| DTMF2| OVER- | ANSWER/
011 | CONTR. TONE TONE SPEED | GUARD
BIT NO. NAME CONDITION DESCRIPTION
D6 Transmit 0 Disables guard tone generator.
Guard Tone 1 Enables guard tone generator (See DO for
selection of guard tones).
D7 RXD Output 0 Enables RXD pin. Receive data will be output on
Control RXD.
1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.
1D REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
ID ID ID iD ID
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, D6 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L
Identification 01 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L)

11 0 0 SSi 73K224L

11 1 0 SSI 73K324L

1 1 0 1 SSI 73K312L
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1

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 14 \'
Storage Temperature -65to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 Vv

Note: All inputs and outputs are protected from static charge using buiit-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNITS
VDD Supply voltage 4.5 5 55 \
TA, Operating Free-Air -40 +85 °C
Temperature

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %

external clock

External Components (Refer to Application section for placement.)

VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ
and ISET pins)

ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor 1 (External to GND) 0.1 uF
VDD Bypass Capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20
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ELECTRICAL SPECIFICATIONS (Continued)

DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN NOM MAX | UNITS
IDD, Supply Current ISET Resistor =2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
1IDD1, Power-down CLK = 11.0592 MHz 4 mA
IDD2, Power-down CLK = 19.200 KHz 3 mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \'J
All other inputs 2.0 VDD \
VIL, Input Low Voltage 0 0.8 \
IIH, Input High Current Vi = VIH Max 100 pA
liL, Input Low Current VI = VIL Min -200 HA
Reset Pull-down Current Reset = VDD 1 50 HA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | IOH MIN =-0.4 mA 2.4 VDD \'
VOL, Output Low Voltage I0 MAX =1.6 mA 0.4 \
VOL, CLK Output 10 =3.6 mA 0.6 Vv
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 pA
CMAX, CLK Output Maximum Capacitive Load 15 pF
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V.22, V.21, Bell 212A
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ELECTRICAL SPECIFICATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING
(TA = -40°C to +85°C, VDD = recommended range unless otherwise noted.)

PARAMETERS J CONDITIONS l MIN | NOM | MAX LUNITS
PSK Modulator
Carrier Suppression Measured at TXA 55 dB
Output Amplitude TX scrambled marks -11 -10.0 -9 dBmo
FSK Mod/Demod
Output Freq. Error CLK = 11.0592 MHz -0.35 +.35 %
Transmit Level Transmit Dotting Pattern -1 -10.0 -9 dBmo
Harmonic Distortion THD in the alternate band -60 -50 dB
in 700-2900 Hz band DPSK or FSK
Output Bias Distortion Transmit Dotting Pattern +8 %
in ALB @ RXD
Total Output Jitter Random Input in ALB @ RXD -15 +15 %
DTMF Generator
Freq. Accuracy -25 +.25 %
Output Amplitude Low Band, DPSK Mode -10 -9 -8 dBmo
Output Amplitude High Band, DPSK Mode -8 -7 -6 dBmoO
Twist High-Band to Low-Band, DPSK Mode 1.0 2.0 3.0 dB
Long Loop Detect DPSK or FSK -38 -28 dBmo0
Dynamic Range Refer to Performance Curves 45 dB
Call Progress Detector
Detect Level 2-Tones in 350-600 Hz band -34 0 dBm0
Reject Level 2-Tones in 350-600 Hz band -41 dBm0
Delay Time -70 dBm0 to -30 dBm0 STEP 27 80 ms
Hold Time -30 dBm0 to -70 dBm0 STEP 27 80 ms
Hysteresis 2 dB
Note: Parameters expressed in dBmO refer to the following definition:

12V Version

10 dB loss in the Transmit path to the line.
9 dB gain in the Receive path from the line.

5V Version

0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.

1-67




SSI 73K222/K222L

V.22, V.21, Bell 212A

Single-Chip Modem

ELECTRICAL SPECIFICATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN { NOM MAX | UNITS
Carrier Detect DPSK or FSK
Threshold receive data -49 -42 dBmo
Delay Time -70 dBm0 to -30 dBm0 STEP 15 45 ms
Hysteresis Single tone detected 2 3.0 dB
Hold Time -30 dBm0 to -70 dBm0O STEP 10 24 ms
Answer Tone Detector
Detect Level In FSK mode -49.5 -42 dBmo0
Delay Time -70 dBmO 1o -30 dBm0O STEP 20 45 ms
Hold Time -30 dBmo to -70 dBm0O STEP 10 _30 ms
Detect Freq. Range -2.5 +2.5 %
Output Smoothing Filter
QOutput load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 db 50 pF
in.3t0 3.4 KHz
Spurious Freq. Comp. Frequency = 76.8 KHz -39 dBmo
Frequency = 153.6 KHz -45 dBm0
TXA pin Output Impedance 200 300 Q
Clock Noise TXA pin; 76.8 KHz
5V Version (73K222L) 1.0 mvrms
12V Version (73K222) 2.0 mvrms
Carrier VCO
Capture Range Qriginate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Freg. Change Assum.
Recovered Clock
Capture Range % of frequency -625 +625 ppm
center frequency
(center at 1200 Hz)
Data Delay Time Analog data in at RXA pin to
receive data valid at RXD pin 30 50 ms
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SSI 73K222/K222L
V.22, V.21, Bell 212A

Single-Chip Modem
ELECTRICAL SPECIFICATIONS (Continued)
DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS | MIN | NOM I MAX l UNITS
Guard Tone Generator
Tone Accuracy 550 Hz
1800 Hz -20 +20 Hz
Tone Level 550 Hz -4.0 -3.0 -2.0 dB
(Below DPSK Output) 1800 Hz -7.0 -6.0 -5.0 dB
Harmonic Distortion 550 Hz -50 dB
700 to 2900 Hz 1800 Hz -60 dB
Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE Low 30 ns
TLA CS/Addr. hold after ALE Low 20 ns
TLC ALE Low to RD/WR Low 40 ns
TCL RD/WR Control to ALE High 10 ns
TRD Data out from RD Low 0 140 ns
TLL ALE width 60 ns
TRDF Data float after RD High 0 200 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000 ns
TDW Data setup before WR High 150 ns
TWD Data hold after WR High 20 ns
TCKD Data out after EXCLK Low 200 ns
TCKW WR after EXCLK Low 150 ns
TDCK Data setup before EXCLK Low 150 ns
TAC Address setup before control* 50 ns
TCA Address hold after control* 50 ns
TWH Data Hold after EXCLK 20
*  Control for setup is the falling edge of RD or WR.
Control for hold is the falling edge of RD or the rising edge of WR.
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TIMING DIAGRAMS

BUS TIMING DIAGRAM (PARALLEL VERSION)
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SSI 73K222/K222L
V.22, V.21, Bell 212A
Single-Chip Modem

|- rev.

APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial datainter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: onefora split+5or+12
volt design and one for a single 5 voit design. These
diagrams are for reference only and do not represent
production-ready modem designs.

L c13
39pF 18 pF

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serial interface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a muitiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

In most applications the controlierwill monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232interface handshake lines are used formodem
control.

v
11.0592
MHZ
NG [] R10 * Note: Values shown are for 5V low power
| 22M o L +ca K-Series products, For 12V versions
Rs232 X2 X CLK XTL1 X7tz VDD AW I [ these values change to:
CONVERTERS wr wr ISET
— 80051 5"3: C1=150pF
RTS AT
PRSP0 Poo7 0
oA > ers | — * et 4 2= 750 pF
cc <HSR ] pr2 Lid L] vaer [T R5 = 86.6K
co >R 1 pra wA wr
ALE ALE sS| RXA R7 = 14.3K
oF (<221 prs Pt TS KSERES c6
P16 P32 POWER 01 HF
P3.0 P17 nzssﬂ FAMILY (ExaK
X0
:: 5 RXD__
DA | S| EXCIK
oo | < BXCLK
TXCLK o R
b8 0.1 yF 20K
= RESET XA
, + .7
MC145406 v l ¢s
j. ci2 o
T 250!

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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SSI 73K222/K222L
V.22, V.21, Bell 212A
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthetransformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp atthe same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude thandata, these

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvertthe signal coming fromthe gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

) wov

V250120

FIGURE 2: Single 5V Hybrid Version
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SSI 73K222/K222L
V.22, V.21, Bell 212A
Single-Chip Modem

Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a paraliel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a paraliel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily on the
crystal’s characteristics, and to a lesser degree on the
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
control system noise in order to obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem shouldbe treated
as a high impedance analog device. A 22 uF elec-
trolytic capacitor in parallel with a 0.1 uF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should not be routed near
low level or high impedance analogtraces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC’s should have both
high frequency and low frequency bypassing as close
to the package as possible.

I -rev.

MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I” modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.
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PACKAGE PIN DESIGNATIONS  c« =[] ano
(TOP VIEW) X e 7] Axa
xmz ) a =[] vReF
GNP ; : XA AD0 [ 4 =[] RESET
cK VREF Aot [ s ol ser
XTL1 ga 2 1] RESET a2 [ s "-‘P RXCLK
XTL2 [}« '9;]|SET AD3 [| 7 n;jnxp
Ao s 1) AxcLk s 1] o 21 o
A15‘ '73Rxo AD5 [] o 213
a2[)7 16 ] TXD ADs [| 10 19 [J EXCLK
DATA [] 8 1 (1 Exclk AD7 [| 0 18 [] TXCLK
WR® 1 ] TxeLk AE [ 12 7 [} WT
AD [ 10 13 NT WR (| 1 18] TXA
VDDE " 2 TXA o E " * :] vop 12 13 14 15 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K222 with Parallel Bus Interface
28-Pin 12 Volt Supply
Plastic Dual-In-Line 73K222 - IP 73K222 - IP
Plastic Leaded Chip Carrier 73K222 - [H 73K222 - IH
28-Pin 5 Volt Supply
Plastic Dual-In-Line 73K222L - IP 73K222L - IP
Plastic Leaded Chip Carrier 73K222L - H 73K2221. - IH
SSI 73K222 with Serial Interface
22-Pin 12 Volt Supply
Plastic Dual-In-Line 73K222S - IP 73K222S - IP
22-Pin 5 Volt Supply
Plastic Dual-In-Line 73K222SL - IP 73K222SL - IP
Ceramic Dual-In-Line 73K222SL - IC 73K222SL - IC

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914
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! SSI 73K222U
Silicon Systems Single-Chip Modem
A TDK Group J Company with UART
November 1991

DESCRIPTION

The SSI 73K222U is a compact, high-performance
modem which includes a 8250A/16C450 compatible
UART with the 1200 bit/s modem function on a single
chip. Based on the SSI 73K222L 5-volt low power
CMOS modem IC, the SSI 73K222U is the perfect
modemVUART component for integral modem applica-
tions. It is ideal for applications such as portable termi-
nals and laptop computers. The SSI 73K222U is the
first fully featured modem IC which can function as an
intelligent modem in integral applications without re-
quiring a separate dedicated microcontroller. It pro-
vides fordata communication at 1200, 600, and 300 bit/
s in a multi-mode manner that allows operation compat-
ible with both Bell 212A/103 and CCITT V.22/V.21
standards. The digital interface section contains a high
speed version of the industrystandard 8250A/16C450
UART, commonly used inpersonal computer products.
A unique feature of the SSI 73K222U is that the UART
section can be used without the modem function,
providing an additional asynchronous port at no added
cost. The SSI73K222U is designed in CMOS technol-
ogy and operates from a single +5V supply. Available
packaging includes 40-pin DIP or 44-pin PLCC for
surface mount applications.

FEATURES

» Modem/UART combination optimized for integral bus

applications

Includes features of SSI 73K222L single-chip modem

Fully compatible 16C450/8250 UART with 8250B or

8250A selectable interrupt emuiation

High speed UART will interface directly with high clock

rate bus with no wait states

Compatible with SSI 73K212U (Bell 212A/103) and

SSI 73K221U (CCITT V.22/V.21) family members

Single-port mode allows fullmodem and UART control

from CPU bus, with no dedicated microprocessor

required

Dual-port mode suits conventional designs using lo-

cal microprocessor for transparent modem operation

Complete modem functions for 1200 bit/s (Bell 212A,

V.22) and 0-300 bit/s (Bell 103, V.21)

Includes DTMF generator, carrler, call-progress and

precise answer-tone detectors for intelligent dialing

capability

On chip 2-wire/4-wire hybrid driver and off-hook relay

buffer

Speaker output with four-level software driven volume

control

» Low power CMOS (40 mW) with power down mode
(15 mW)

« Operates from single +5V supply

BLOCK DIAGRAM PIN DIAGRAM
™0 XTL1 XTL2  CLK
im] [? q q 'CEE 1 40 || voOo
T 1 1 s mr e » Juo
upo OH— H-0 TxA1 o [1s 38 [Juar
up1 OH— awaw L Txaz oz 4 a7 [Jure
HYBRID
w2 O 1.8432 MHz ) Rxa wiRet 15 36 [] DOSTR
up3 [H— Ao e 3s |] DBTR
UD4 [H— 2 L] sPKkR wof]7 % [ oo
vos [H— {1 (CT3)/MA0 (% uPRsT [} & 33 [Jubs
[OSA) / MA
et s 0w ik VA
ReseT [ 10 31 [Jups
uao OH— {3 DATA/DTR) ) ok [ 11 30 [Juos
vay O— {3 RD/{@EDS) tummq 12 » [Quee
vA2 CH— T WR/(NC) o [ 12 = [luor
DOSTR OH-— {3 (6¢B)mek TTE) 7m0 ] 14 27 [Juoo
BisTA [— - 0 @FS)/RT sTNOWN (] 15 26 []WR/ ve)
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O O Oo0oo o ‘
INTRPT  (RuPRST  RESET RXD VDD VREF GND ISET STNDLN Parentheses indicate single-port mode.
CAUTION:  Use handling procedures necessary
11 - rev. 1-77 for a static sensitive component.




SSI 73K222U
Single-Chip Modem
with UART

FUNCTIONAL DESCRIPTION

The SSI 73K222U integrates an industry standard
8250/16C450 UART function with the modem capabil-
ity provided by the SSI 73K222L single chip modemIC.
The SSI 73K222U is designed specifically for integral
microprocessor bus intelligent modem products. These
designs typically require the standard 8250 or higher
speed 16450 UART to perform parallel-to-serial and
serial-to-parallel conversion process necessary to in-
terface a parallel bus with the inherently serial modem
function. The SSI 73K222U provides a highly inte-
grated design which can eliminate multiple compo-
nents in any integral bus modem application, and is
ideal for internal PC modem applications.

The SSI 73K222U includes two possible operating
modes. Inthe dual-port mode, the device is suitable for
conventional plug-in modem card designs whichuse a
separate local microprocessor for command interpre-
tation and control of the modem function. Inthis mode,
a dedicated microcontroller communicates with the
SSI 73K222U using a separate serial command port.
Inthe single-port mode the main CPU can control both
the UART and modem function using the parallel data
bus. This allows very efficient modem design with no
local microprocessor required for dedicated applica-
tions such as laptop PC’s or specialized terminals.

To make designs more space efficient, the
SSI 73K222U includes the 2-wire to 4-wire hybrid
drivers, off-hook relay driver, and an audio monitor
output with software volume control for audible call
progress monitoring. As an added feature the UART
function can be used independent of the modem func-
tion, providing an added asynchronous portinatypical
PC application with no additional circuitry required.

UART FUNCTION (16C450)

The UART section of the SS1 73K222U is completely
compatible with the industry standard 16C450 and the
8250 UART devices. The bus interface is identical to
the 16450, except that only a singie polarity for the
control signals is supported. The register contents and
addresses are alsothe same as the 16C450. Toinsure
compatibility with all existing releases of the 8250
UART design, external circuitry normally used in PC
applications to emulate 8250B or 8250A interrupt op-
eration has been included on the SSI 73K222U.
A select line is then provided to enable the desired
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interrupt operation. The UART used in the
SSI 73K222U can be used with faster bus read and
write cycles than a conventional 16C450 UART. This
allows it to interface directly with higher clock rate
microprocessors with no need for external circuitry to
generate wait states.

The primary functionof the UART is to perform parallel-
to-serial conversion on data received from the CPU
and serial-to-parallel conversion on datareceived from
the internal modem or an external device. The UART
can programthe number of bits per character, parity bit
generation and checking, and the number of stop bits.
The UART also provides break generation and detec-
tion, detection of error conditions, and reporting of
status at any time. A prioritized maskable interrupt is
also provided.

The UART block has a progammable baud rate gen-
erator which divides an internal 1.8432 MHz clock to
generate a clock at 16 x the data rate. The data rate
for the transmit and receive sections must be the
same. For DPSK modulation, the data rate must be
1200 Hz or 600 Hz. For FSK modulation, the data rate
mustbe 300 Hz orless. The baud generatorcancreate
aclock that supports digitaltransfer atupto 115.2 KHz.
The output of the baud generator can be made avail-
able at the CLK pin under program control.

MODEM FUNCTION (SSI 73K222L)

The modem section of the SSI 73K222U provides all
necessary analog functions required to create a single
chip Bell 212A/103 and CCITT V.22/V.21 modem,
controlled by the system CPU or a local dedicated
microprocessor. Asynchronous 1200 bit/s DPSK (Bell
212A and V.22) and 300 baud FSK (Bell 103 and V.21)
modes are supported.

The modem portion acts as a peripheral to the micro-
processor. In both modes of operation, control infor-
mation is stored in register memory at specific address
locations. Inthe single-port mode, the modem section
can be controlled through the 16C450 interface, with
no external microcontroller required. The primary
analog blocks are the DPSK modulator/demodulator,
the FSK modulator/demodulator, the high and low
band filters, the AGC, the special detect circuitry, and
the DTMF tone generator. The analog functions are
performed with switched capacitor technology.
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SSI 73K222U
Single-Chip Modem
with UART

PSK MODULATOR / DEMODULATOR

The SSI 73K222U modulates a serial bit stream into
dibit pairs that are represented by four possible phase
shifts as prescribed by the Bell 212A or V.22 standard.
The baseband signal is then filtered to reduce inter-
symbol interference on the band limited 2-wire PSTN
line. Transmission occurs using either a 1200 Hz
(originate mode) or 2400 Hz carrier (answer mode).
Demodulation is the reverse of the modulation proc-
ess, with the incoming analog signal eventually de-
coded into dibits and converted back to a serial bit
stream. The demodulator also recovers the clock
which was encoded into the analog signal during
modulation. The demodulatordecodes eithera 1200 Hz
carrier (originate carrier) or a 2400 Hz carrier (answer
carrier). The SSI 73K222U uses a phase-locked-loop
coherent demodulation technique that offers inher-
ently better performance than typical DPSK demodula-
tors used by other manutacturers.

FSK MODULATOR/DEMODULATOR

The FSK modulator frequency modulates the analog
output signal using two discrete frequencies to repre-
sentthe binary data. In Bell 103, the standard frequen-
cies of 1270 Hz and 1070 Hz (originate mark and
space) and 2225Hz and 2025 Hz (answer mark and
space) are used. V.21 mode uses 980 Hz and 1180 Hz
(originate, mark and space) or 1650 Hz and 1850 Hz
(answer, mark and space). Demodulation invoives
detecting the received frequencies and decoding them
into the appropriate binary value.

PASSBAND FILTERS AND EQUALIZERS

A high and low band filter is included to shape the
amplitude and phase response of the transmit signal
and provide compromise delay equalization and rejec-
tion of out-of-band signals in the receive channel.
Amplitude and phase equalization is necessary to
compensate for distortion of the transmission line and
to reduce intersymbol interference in the band limited
receive signal. The transmit signal filtering approxi-
mates a 75% square root of raised Cosine frequency
response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping, and provides a total
dynamic range of >45 dB.
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SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received ana-
log signal to determine status or presence of carrier,
call-progress tones, answer tone, and weak received
signal (long loop condition). An unscrambled mark
signal is also detected when the received data out of
the DPSK demodulator before the descrambler has
been high for 165.5 mS +13.5 mS. The appropriate
status bit is set when one of these conditions changes
and an interrupt is generated for all monitored condi-
tions except long loop. The interrupts are disabled
(masked) when the enable interrupt bit is setto a 0.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
dual-tones determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated when the DTMF mode
is selected and the transmit enable (CRO bit D1) is
changed fromaOtoat.

TEST FEATURES

Test features such as analog loopback (ALB), remote
digital loopback, local digital loopback, and internal
pattern generators are also included.

LINE INTERFACE

Theline interface of the SSI73K222U consists of atwo-
to-four wire hybrid, and an off-hook relay driver.

The two-to-four wire converter has a differential trans-
mit output and requires only a line transformer and an
external impedance matching resistor. Four-wire
operation is also available by simply using either of the
transmit output signals.

The relay driver output of the SSI173K222U is an open
drain signal capable of sinking 20 mA, which can
control a line closure relay used to take the line off hook
and to perform pulse dialing.

AUDIO MONITOR

An audio monitor output is provided which has a
software programmable volume control. Its output is
the received signal. The audio monitor output can
directly drive a high impedance load, but an external
power amplifier is necessary to drive a low-impedance




SSI 73K222U
Single-Chip Modem
with UART

PIN DESCRIPTION

GENERAL

NAME DIP PLCC TYPE | DESCRIPTION

vDD 40 44 | +5V Supply £10%, bypass with a .1 and a 22uF capacitor
to GND

GND 20 22 | System Ground

VREF 19 21 o] VREF is aninternally generated reference voltage which is
externally bypassed by a .1uF capacitor to the system
ground.

ISET 9 11 | The analog current is set by connecting this pin to VDD
through a 2MQ resistor. ISET should be bypassedto GND.
Alternatively, an internal bias can be selected by connect-
ing ISET to GND, which will result in a larger worst-case
supply current due to the tolerance of on-chip resistors.
Bypass with .1uF capacitor if resistor is used.

XTL1 25 27 | These pins are connections for the internal crystal
XTL2 24 26 | oscillator requiring an 11.0592 MHz crystal (9216Hz x
1200). XTAL2 can also be TTL driven from an external
clock.

CLK 21 23 (0] Output Clock. This pin is selectable under processor
control to be either the crystal frequency (which might be
used as a processor clock) or the output of the baud
generator.

RESET 10 12 | Reset. An active signal (high) on this pin will put the chip
into an inactive state. The control register bits (except the
Receiver Buffer, Transmitter Holding, and Divisor latches)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull-down resistor permits
power-on reset using a 0.1uF capacitor connected to the
5V supply.

STNDLN 15 17 | Single-port mode select (active high). In a single-port
system there is no local microprocessor and all the modem
control is done through the 16C450 parallel bus interface.
The local microprocessor interface is replaced with UART
control signals which allow the device to function as adigital
UART as well as modem.
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SSI 73K222U

Single-Chip Modem
with UART
PIN DESCRIPTION (continued)
UART INTERFACE
NAME DIP PLCC TYPE | DESCRIPTION
UAO-UA2 37-39 41-43 | UART Address. These pins determine which of the UART
UA3 12 14 I registers is being selected during a read or write on the

UART data bus. The contents of the DLAB bit in the
UART's Line Control Register also control which register is
referenced. In single-port mode, UAOQ-UA3 are latched
when ADS goes high. In dual-port, only UAO-UA2 are

used.

uUDO-UD7 27-34 30-37 /0 (3 state) UART Data. Data or control information to the
UART registers is carried over these lines.

DISTR 35 38 | Data Input Strobe. A low on this pin requests a read of the

internal UART registers. Data is outputon the D0-D7 lines
if DISTR and CS2 are active.

DOSTR 36 39 I Data Output Strobe. Alow onthis pinrequests awrite of the
internal UART registers. Data on the D0-D7 lines are
latched on the rising edge of DOSTR. Data is only written
if both DOSTR and CS2 are active.

CS2 1 2 | Chip Select. A low on this pin allows a read or write to the
UART registers tooccur. Insingle port mode, CS2 is latched
on ADS.

INTRPT 5 7 (0] (3 state) UART Interrupt. This signal indicates that an

interrupt condition on the UART side has occurred. |f the
Enable 8250A interrupt bit in the interrupt Enable Register
is 0 the interrupt is gated by the DISTR signal to provide
compatibility with the 8250B. The output can be put in a
high impedance state with the OUT2 register bit in the
Modem Control Register. In single-port mode, INTRPT
also becomes valid when a modem interrupt signal is
generated by the modem section’s Detect Register.

RXD 6 8 /0 Function is determined by STNDLN pin and bit 7, Tone
Control Register:
STNDLN | D7
0 0 RXD outputs data received by modem.
1 0 RXD is electrically aninput but signal is
ignored.
X 1 RXD is a serial input to UART.
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SSI 73K222U
Single-Chip Modem

with UART

PIN DESCRIPTION (continued)

UART INTERFACE (continued)

TXD

7

9

Function is determined by STNDLN pin and bit 7, Tone
Control Register:

STNDLN | D7

0 0 TXD is a serial output of UART.

1 0 TXD is forced to a mark.

X 1 TXD is a serial output of UART.

ANALOG / LINE INTERFACE

NAME

o] ] o4

PLCC

TYPE

DESCRIPTION

TXA1
TXA2

4
5

(oXe}

(differential) Transmitted Analog. These pins provide the
analog output signals to be transmitted to the phone line.
The drivers will differentially drive the impedance of the line
transformer and the line matching resistor. An external
hybrid can also be built using TXA1 as a single ended
transmit signal.

RXA

16

18

Received Analog. This pin inputs analog information that
is being received by the two-to-four wire hybrid. This input
can also be taken directly from an external hybrid.

SPKR

17

19

Speaker Output. This pin outputs the received signal
through a programmable attenuator stage, which can be
used for volume control and disabling the speaker.

18

20

Off-hook relay driver. This signal is an open drain output
capable of sinking 20mA and is used for controlling a relay.
The output is the complement of the OH register bitin CR3.

1-82
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SSI 73K222U

Single-Chip Modem
with UART
1

PIN DESCRIPTION (continued)
UART CONTROL INTERFACE (STNDLN = 1)
(See Figure 1: Single-port mode)
NAME DIP PLCC TYPE | DESCRIPTION
ADS 23 25 | Address Strobe. ADS is used to latch address and chip

select to simplify interfacing to a multiplexed Address/Data
Bus. UA0-UA3 and CS2 are latched when the ADS signal
goes high.

UA3 12 14 | UART Address Bit 3. UAS3 is used in single-port mode to
address the modem registers from the 16C450 interface.
If UA3 is 0, the normal 16C450 registers are addressed by
UA0-UA2 and if UA3 is 1, the modem registers are ad-
dressed. UA3 is latched when ADS goes high.

CTS 14 16 | Clearto Send. This pin is the complement of CTS bit inthe
Modem Status Register. The signal is used in modem
handshake control to signify that communications have
been established and that data can be transmitted.

13 15 | Data Set Ready. This pin is the complement of DSR bit in
the Modem Status Register. The signalis used in modem
handshake to signify that the modem is ready to establish
communications.

11 13 | Data Carrier Detect. This pin is the complement of DCD bit
inthe Modem Status Register. The signalis usedinmodem
control handshake to signify that the modem is receiving a
carrier.

22 24 (0] Data Terminal Ready. The DTR output is programmed
through a bit in the Modem Control Register. The signal is
used in modem handshake to signify that the 16C450 is
available to communicate.

RTS 2 3 0 Requestto Send. The RTS output is programmed through
a bit in the Modem Control Register. The signal is used in
modem handshake to signify that the 16C450 has data to
transmit.

RI 8 10 | Ring Indicator. This Indicates that a telephone ringing
signal is being received. This pin is the complement of the
Rl bit in the Modem Status Register.

O

O
[
Pyl

[/
O

O
=
D

191 - rev. 1-83



SSI 73K222U
Single-Chip Modem
with UART

PIN DESCRIPTION (continued)

MICROPROCESSOR INTERFACE (STNDLN = 0)
(See Figure 2: Dual-port mode)

NAME

DIP

PLCC

TYPE

DESCRIPTION

MAO-MA2

12-14

14-16

Modem Address Control. These lines carry register
addresses for the modem registers and should be valid
throughout any read or write operation.

DATA

22

24

/0

Serial Control Data. Serial control data to be read/mwritten
is clocked in/out on the falling edge of the DCLK pin. The
direction of data transfer is controlled by the state of the RD
pin. Ifthe RD pin is active (low) the DATA line is an output.
Conversely, if the RD pin is inactive (high) the DATA line is
an input.

23

25

Read. A low on this input informs the SSI 73K222U that
control data or status information is being read by the
processor from a modem register.

26

28

Write. A low on this input informs the SSI 73K222U that
control data or status information is available forwriting into
a modem register. The procedure for writing is to shift in
data LSB firstonthe DATA pin for eight consecutive cycles
of DCLK and then to pulse WR low. Data is written on the
rising edge of WR.

DCLK

11

13

Data Clock. The falling edge of this clock is used to strobe
control data for the modem registers in or out on the DATA
pin. The normal procedure for a write is to shift in data LSB
first on the DATA pin for eight consecutive cycles of DCLK
andthento pulse WR low. Data is written on the rising edge
of WR. The falling edge of the RD signal must continue for
eight cycles of DCLK in order to read all eight bits of the
reference register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

p=|

(with weak pull-up) Modem Interrupt. This output signal is
used to inform the modem processor that a change in a
modem detect flag has occurred. The processor mustthen
read the Modem Detect Register to determine which detect
triggered the interrupt. TNT will stay active until the proc-
essor reads the Modem Detect Registerordoes afull reset.

RPRST*

10

Microprocessor Reset. This output signal is used to pro-
vide a hardware reset to the microprocessor. This signalis
high if the RESET pin is high or the MCR bit D3 (OUT1) bit
is set.

SSI 73K222U.

*NOTE: The uPRST pin is an upgraded function which was not included in the initial definition of the
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FIGURE 1:
Single-Port Mode

In the single-port mode, the SSI 73K222U is designed to be
accessed only by the main CPU using the same parallel bus utilized
for data transfer. This mode is enabled when the STNDLN pin is at
alogic "1". Inthe single port mode, internal registers are accessed
by the main CPU to configure both the UART section and the

modem function, eliminating the need for a separate microcon-
troller. In this mode, multiplexed pins provide the CTS, DSR, DTR,
DED and Rl signals normally associated with the UART function. A
separate pin, ADS, is used for bus control.
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Dual-Port Mode

The dual-port mode allows use of a dedicated microprocessor for
control of the modem function, and is enabled when the STNDLN
pin ="0". This mode is useful for conventional plug-in card modem
designs where it is necessary to make the modem function trans-
parent to the main CPU. In this mode, the SSI 73K222U's multi-
plexed pins form the serial command bus used to communicate with
the external microprocessor. The RI, CTS, DSR, DTR, and DCD
logic functions must then be implemented using ports from the
dedicated microprocessor.

The serial control interface allows access to the control and status
registers via a serial command port. In this mode the MAO, MA1,
and MA2 lines provide register addresses for data passed through
the DATA pin under control of the RD and WR lines. A read op-
eration is initiated when the RD line is taken low. The next eight
cycles of DCLK will then transfer out eight bits of the selected
address location LSB first. A write takes place by shifting in eight
bits of data LSB first for eight consecutive cycles of DCLK. WR is
then pulsed low and data transfer into the selected register occurs
on the rising edge of WR.
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SSI 73K222U
Single-Chip Modem
with UART

DATA BIT NUMBER
UART
REGISTER ADDRESS D7 D6 D5 D4 D3 D2 D1 Do
UA3-UAO*
T - ,
REGSTER | FBR | DiABLo | (M) BIT6 BITS BIT4 BIT3 BIT2 BIT 1 e
(READ ONLY)
TONG 0000
BIT7 BIT O
paaa 1 R | 5980, ) BIT6 BITS BIT4 BIT3 BIT2 BITY e
(WRITE ONLY)
INTERRUPT ENABLE ENABLE ENABLE ENABLE ENABLE
AU ER 0001 o o o 82504/ MODEM REC. LINE THR REC. DATA
o DLAB =0 16C450 STATUS STATUS EMPTY | AVAILABLE
INTERRUPT | INTERRUPT | INTERRUPT | INTERRUPT | INTERRUPT
INTERRUPT INTERRUPT | INTERRUPT |  o"iF
REGISTER R 0010 0 0 [} 0 [} o] 1D INTERRUPT
(READ ONLY) BIT1 BIT 0 PENDING
LINE DIVISOR EVEN PARITY NUMBER WORD WORD
comboL | ten 2011 LATCH SET STICK PARITY Fony OF STOP LENGTH LENGTH
SeRisoL ACCESS BREAK PARITY SELECT ARl BITS SELECTY | SELECToO
(DLAB) (EPS) (PEN) (STB) (WLS1) (WLS0)
ENABLE DATA
MODEM RST REQUEST
CONTROL | MCR | o100 0 0 0 Loop | INTERRUPT SN | ToSmp | TERMINAL
REGISTER IN'16C450) | 16C450) (RTS) (OTR)
TRANSMIT TRANSMIT
statos | LsR 0101 0 SHIFTREG. | HOLOING | \PERAGPT | ERROA. ERROR CERROR" READY
EMPTY REGISTER FE P OF)
REGISTER (TSRE)  |EMPTY(THRE) (D) (FE) (PE) (OE) (OR)
MODEM DATA RING DATA CLEAR DELTA TRAILING DELTA DELTA
STATUS CARRIER DATA CARR. | EDGE RING | DATA SET CLEAR
MSR | 0110 INDICATOR | SETREADY | TOSEND
REGISTER DETECT @ (DSR) ) DETECT | INDICATOR | READY TO SEND
(READ ONLY) (DCD) (DDCD) (TERI) (DDSR) (DCTS)
SCRATCH
Sepaled 1 scr | o BIT7 BIT6 BITS BIT4 BITS BIT2 BIT1 BITO
DIVISOR
LATCH DLL o000 BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT 1 BITO
s DLAB = 1
DIVISOR
LATcH | oM | 501, BIT 16 BIT 14 BIT 18 BIT 12 BIT 11 BIT 10 BITS BIT8
(MS)
* In single-port mode (STNDLN pin = 1), all four address lines UA3-UAO are used to address the UART Control Registers.
* In dual-port mode (STNDLN pin = 0), only three address lines UA2-UAO are used to address the UART Control Registers;
the UA3 pin becomes the MA2 pin in this mode.
1-87
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SSI 73K222U
Single-Chip Modem
with UART

MODEM CONTROL REGISTER OVERVIEW

ADDRESS DATA BIT NUMBER
STNDLN_
REGISTER 0 7 D6 D5 D4 03 02 D1 Do
maz- | uAs
MAo | UAD
ReagteR | o | wo | oo IMOBION| o OO P e | ekt | Ly | RN
S
) (READ ONLY) | (READ ONLY)
CONTROL TRANSMIT | TRansmT | EnaBLE TEST TEST
REGISTER | CR1 | 001 | 1001 | PATTERN | PATTERN | DETECT BYPASS CLK RESET MODE MODE
1 1 0 INTERRUPT | SCRAMBLER | CONTROL 3 )
DEVICE UNSCR, ANSWER CALL LONG
paciEcTo| DR | 010 | 1010 | siGNaTURE | sianaTure | PECEVE MARK canaER TONE | PROGRESs | LooP
1 0 DETECT DETECT DETECT DETECT
TONE TRANSMIT | TRANSMIT DTMF O
CONTROL | TONE | 011 | to11 | BXOPXD | “Guapp | answem | THARSMT | DTWF DTMF DTMF 1 GUARD/ANS.
REGISTER TONE TONE TONE
CONTROL
REGISTER | CR2 100 1100 RESERVED FOR FUTURE USE
2
CONTROL SPEAKER | SPEAKER
REGISTER | CR3 101 1ol VOLUME VOLUME OFF-HOOK X X X X X
3 1 1)
gg&g%’; SCR | 110 | 1110 BIT7 BIT8 BITS BIT4 BIT3 BIT2 BIT1 BITO
UART oL REQUEST DATA AING DATA DATA CLEAR
TOSEND |TERM. READY| CARRIER SET 70
SeNTRRR| T T | |weaponn | X (ATS) @R | NDIGATOR foetecT oco)|  mEADY SEND
(READONLY) | (READ ONLY) | - (OSR} {cTs)
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SSI 73K222U

Single-Chip Modem
with UART
UART REGISTER BIT DESCRIPTIONS
RECEIVER BUFFER REGISTER (RBR) (READ ONLY)
STNDLN: 0 1
ADDRESS: UA2-UA0=000,DLAB=0 UA3 - UAO = 0000, DLAB =0

This read only register contains the parallel received data with start, stop, and parity bits (if any) removed. The
high order bits for less than 8 data bits/character will be set to 0.

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY)
STNDLN: 0 1
ADDRESS: UA2 - UAO = 000, DLAB =0 UA3 - UAO = 0000, DLAB =0

This write only register contains the parallel data to be transmitted. The data is sent LSB first with start, stop,
and parity bits (if any) added to the serial bit stream as the data is transferred.

INTERRUPT ENABLE REGISTER (IER)
STNDLN: 0 1
ADDRESS: UA2-UA0=001,DLAB=0 UA3 - UAO = 0001, DLAB =0

This 8-bit register enables the four types of interrupts of the UART to separately activate the chip Interrupt
(INTRPT) output signal. Itis possible to totally disable the interrupt system by resetting bits 0 through 3 of the
Interrupt Enable Register. Similarly, by setting the appropriate bits of this register to a logic 1, selected
interrupts can be enabled. Disabling the interrupt system inhibits the Interrupt Identification Register and the
active (high) INTRPT output fromthe chip. Allother systemfunctions operate in their normal manner, including
the setting of the Line Status and Modem Status Registers.

BIT NO. NAME CONDITION DESCRIPTION

DO Received Data 1 This bit enables the Received Data Available Inter-
rupt when set to logic 1.

D1 Transmitter Holding 1 This bit enables the Transmitter Holding Register

Register Empty Empty Interrupt, when set to logic 1.
D2 Receiver Line 1 This bit enables the Receiver Line Status Interrupt,
Status Interrupt when set to logic 1.

D3 : Modem Status 1 This bit enables the Modem Status Register Inter-
rupt when set to interrupt logic 1.

D4 8250A/16450 1/0 Set for compatibility with 8250A/16C450 UARTS.
Reset this bit to disable the gating of the INTRPT
interrupt line with the DISTR signal which is
needed for 8250B compatibility.

D5 - D7 Not Used 0 These three bits are always logic 0.
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SSI1 73K222U

Single-Chip Modem
with UART

INTERRUPT 1D REGISTER (lIR) (READ ONLY)
" 'STNDLN: 0 1

ADDRESS: UA2- UAO =010 UA3 - UAO = 0010

The IR register gives prioritized information as to the status of interrupt conditions. When accessed, the IIR
freezes the highest priority interrupt pending and no other interrupts are acknowledged until the particular
interrupt is serviced by the CPU.

BIT NO. NAME CONDITION DESCRIPTION

DO Interrupt Pending 0 This bit can be used in either a hardwired priortized
or polled environment to indicate whether aninter-
ruptis pending. Whenbit 0 is a logic 0, aninterrupt
is pending and the IIR contents may be used as a
pointer to the appropriate interrupt service routine.

1 When bit 0 is a logic 1, no interrupt is pending.
D1, D2 Interrupt ID bits 0, 1 Table below These two bits of the IR are used to identify the
highest priority interrupt pending as indicated in
the following table.

D3 - D7 Not Used 0 These five bits of the lIR are always logic 0.
INTERRUPT PRIORITY TABLE
D2 D1 | DO PRIORITY TYPE SOURCE RESET
0 0 1 - None None -
1 1 0 Highest Receiver Line Status | Overrun Error, Reading the Line
l Parity Error, Status Register

Framing Error or
Break Interrupt

1 0 0 Second Receive Data Receive Data Reading the Rcvr.
Available Available Buffer Register
0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register
Register Empty Register Empty (if source of interrupt)
or Writing to Transmit
Holding Register
0 0 0 Fourth Modem Status Clear to Send or Reading the Modem

Data Set Ready or | Status Register
Ring Indicator or
Data Carrier Det.
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SSI 73K222U
Single-Chip Modem
with UART

LINE CONTROL REGISTER (LCR) _
STNDLN: 0 1 UART SECTION
ADDRESS: UA2 - UAO = 011 UA3 - UAO = 0011

The user specifies the format of the asynchronous data communications exchange via the Line Control
Register. In addition to controlling the format, the user may retrieve the contents of the Line Control Register
for inspection. This feature simplifies system programming and eliminates the need for separate storage in
system memory of the line characteristics.

BIT NO. NAME CONDITION DESCRIPTION

DO Word Length Select 0 Bits DO and D1 select the number of data bits per
character as shown:

D1 Word Length Select 1 D1 Do Word Length
5 bits
6 bits
7 bits
8 bits

D2 Number of Stop Bits Oor1 This bit specifies the number of stop bits in each
transmitted character. if bit 2 is a logic 0, one stop
bit is generated in the transmitted data. lfbit2is a
logic 1 when a 5-bit word length is selected via bits
0 and 1, one-and-a-half stop bits are generated. If
bit 2 is a logic 1 when either a 6, 7, or 8-bit word
length is selected, two stop bits are generated.
The receiver checks the first stop bit only, regard-
less of the number of stop bits selected.

D3 Parity Enable 1 This bitisthe Parity Enable bit. When bit 3is alogic
1, a parity bit is generated (transmit data) or
checked (receive data) between the last data word
bit and stop bit of the serial data. (The parity bit is
used to produce an even or odd number of 1's
when the data word bits and the parity bit are
summed).

D4 Even Parity Select 1or0 This bit is the Even Parity Select bit. When bit 3 is
a logic 1 and bit 4 is a logic 0, an odd number of
logic 1's are transmitted or checked in the data
word bits and parity bit. Whenbit 3 is a logic 1 and
bit 4 is a logic 1, an even number of logic 1’s are
transmitted or checked.

-l OO
- O |- O
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SSI 73K222U
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LINE CONTROL REGISTER (LCR) (Continued) UART SECTION

BIT NO. NAME CONDITION DESCRIPTION

D5 Stick Parity 1or0 This bit is the Stick Parity bit. When bit 3 is a logic
1 and bit 5 is a logic 1, the parity bit is transmitted
and checked by the receiver as a logic 0 if bit 4 is
alogic 1 or as a logic 1 if bit 4 is a logic 0.

D5 | D4 Parity

ODD Parity
EVEN Parity
MARK Parity
SPACE Parity

D6 Set Break 1 Qutput of modem is set to a spacing state. When
the modem is transmitting DPSK data if the Set
Break bit is held for one full character (start, data,
parity, stop) the break will be extendedto 2N + 3
space bits (where N = # data bits + parity bit + 1
start + 1 stop). Any data bits generated during this
time will be ignored. See note below.

D7 Divisor Latch Access 1 This bit is the Divisor Latch Access Bit (DLAB). It
Bit (DLAB) must be set high (logic 1) to access the Divisor
Latches of the baud generator during a Read or
Write operation. It must be set low (logic 0) to
access the Receiver Buffer, the Transmitter Hold-
ing Register, or the Interrupt Enable Register.

NOTE: This feature enables the CPU to alert a terminal in a computer communications system. If the
following sequence is followed, no erroneous or extraneous characters will be transmitted be-
cause of the break.

- - OO
- O - O

1. Load an all 0’s pad character in response to THRE.
2. Set break in response to the next THRE.

3. Wait for the Transmitter to be idle. (TSRE = 1), and clear break when normal transmission has
to be restored.

During the break, the Transmitter can be used as a character timer to accurately establish the
break duration.
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SSI 73K222U
Single-Chip Modem
with UART

MODEM CONTROL REGISTER (MCR) _
STNDLN: 0 1 UART SECTION
ADDRESS: UA2 - UAO = 100 UA3 - UA0 = 0100

The MCR register controls the interface with the modem. Bits D1 and D0 are also available as read only bits
in the UART Control Register in the Modem Registers. In single-port mode, bits D1 and D0 are available
inverted at the RTS and DTR pins.

BIT NO. NAME CONDITION DESCRIPTION

DO DTR 1 This bit controls the Data Terminal Ready (DTR)
output. When bit 0 is set to a logic 1, the DTR
output is forced to a logic 0. When bit 0 is reset to
a logic 0, the DTR output is forced to a logic 1.

D1 RTS 1 This bit controls the Request to Send (RTS) output.
Whenbit 1 is setto a logic 1, the RTS output isforced
to alogic 0. Whenbit 1is resetto a logic 0, the RTS
output is forced to a logic 1.

D2 uPRST* 1 In single-port mode inactive unless loop=1,
(OUT1 in 16C450) then functions as below (D4). In dual-port mode
the uPRST pin is the logical OR of this bit and the
RESET pin.
D3 Enable Interrupt 0 Sets INTRPT pin to high impedance if
(OUT2 in 16C450) STNDLN = 1.
1 INTRPT output enabled.
D4 LOOP 1 This bit provides a local loopback feature for diag-

nostic testing of the UART portion of the
SSI 73K222U. When bit D4 is set to logic 1, the
following occurs:

1. TXD is forced to mark, RXD is ignored.

2. The output of the Transmitter is looped to the
Receiver.

3. The four modem control inputs to the UART
(CTS, DSR, DCD, and RI) are ignored and the
UART signals RTS, DTR, Enable Interrupt, and
WwPRST are forced inactive.

4. The UART signals RTS, DTR, Enable Inter-
rupt, and uPRST are internally connected to
the four control signals CTS, DSR, DCD and
Rl respectively. Note that the Modem Status
Register Interrupts are now controlled by the
lower four bits of the Modem Control Register.
The interrupts are still controlled by the Inter-
rupt Enable Register.

D5-D7 0 These bits are permanently set to logic 0.

* Note: The pPRST bit has an upgraded function which was not included in the initial definition of the SSI 73K222U.
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SSI1 73K222U

Single-Chip Modem

with UART

LINE STATUS REGISTER (L

STNDLN:
ADDRESS:

UA2 - UAO = 101

1 UART SECTION

UA3 - UAO = 0101

This register provides status information to the CPU concerning the data transfer.

BIT NO.

NAME

CONDITION

DESCRIPTION

DO

DR

1

The Data Ready (DR) bit is set to a 1 whenever a
complete incoming character has been received
and transferred into the Receiver Buffer Register.
Data Ready is reset to 0 by reading the data in the
Receiver Buffer Register or by writing a 0 into it
from the processor.

D1

OE

The Overrun Error (OE) bit indicates that the data
inthe Receiver Buffer Register was not read by the
CPUbefore the nextcharacterwas transferredinto
the Receiver Buffer Register, thereby destroying
the previous character. The OE indicator is reset
whenever the CPU reads the contents of the Line
Status Register.

D2

PE

The Parity Error (PE) bit indicates that the received
character did not have the correct parity. The bitis
resetto O wheneverthe CPU reads the Line Status
Register.

D3

FE

The Framing Error (FE) bit indicates that the re-
ceived character did not have a valid stop bit. The
FE indicator is reset whenever the CPU reads the
contents of the Line Status Register. A framing
error will not occur in DPSK receive from the
modem due to the fact that missing stop bits are
reinserted.

D4

Bl

The Break Interrupt (BI) bit indicates that a break
has been received. A break occurs whenever the
received data is held to 0 for a full data word (start
+ data + stop) or for two full data words when
receiving in DPSK mode from the modem. The BI
bit is reset to 0 whenever the CPU reads the Line
Status Register.

D5

THRE

The Transmit Holding Register Empty (THRE)
indicates that the Transmitter is ready to accept a
new character for transmission. The THRE bit is
reset when the CPU loads a character into the
Transmit Holding Register.

D6

TSRE

The Transmit Shift Empty (TSRE) indicates that
both the Transmit Holding Register and the Trans-
mit Shift Registers are empty.

D7

Always zero.
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SSI 73K222U

Single-Chip Modem
with UART
MODEM STATUS REGISTER (MSR) (READ ONLY)
STNDLN: 0 1
ADDRESS: UA2-UAO0 =110 UA3-UA0=0110

This register provides the current state of the control signals from the modem. In addition, four bits provide
change information. The CTS, DSR, DCD, and RI signals come from the UART Control Register if
STNDLN =0 andfromthe CTS, DSR, DCD and Rl pins (inverted) if STNDLN = 1. This registeris READ ONLY.
The delta bits indicate whether the inputs have changed since the last time the Modem Status Register has
been read. In Loop Mode CTS, DSR, Rl and DCD are taken from RTS, DTR, unPRST, and Enable Interrupt

in the Modem Control Register respectively.

BIT NO. NAME CONDITION DESCRIPTION

DO DCTS 1 This bit is the Delta Clear to Send (DCTS) indica-
tor. Bit 0 indicates that the CTS input to the chip
has changed state since the lasttime itwas read by
the CPU.

D1 DDSR 1 This bit is the Delta Data Set Ready (DDSR)
indicator. Bit 1 indicates that the DSR input to the
chip has changed state since the last time it was

read by the CPU.

D2 TERI 1 This bit is the Trailing Edge of the Ring Indicator
(TERI) detector. Bit 2 indicates that the Rl input to
the chip has changed state.

D3 DDCD 1 This bit is the Delta Data Carrier Detect (DDCD)

indicator. Bit 3 indicates that the DCD input to the
chip has changed state.

D4 CTS 1 This bit is the complement of the Clear To Send
(CTS)input. If STNDLN =0, this reflects the status
of the UART Control Register bit. If bit 4 (loop) of
the MCR is set to a 1, this bit is equivalent to RTS
in the MCR.

D5 DSR 1 This bit is the complement of the Data Set Ready
(DSR)input. If STNDLN =0, this reflects the status
ofthe UART Control Register bit. If bit 4 of the MCR
is setto a 1, this bit is the equivalent of DTR in the
MCR.

D6 Rl 1 This bit is the complement of the Ring Indicator (RI)
input. if STNDLN = 0, this reflects the status of the
UART Control Registerbit. If bit4 ofthe MCRis set
to a 1, this bit is equivalent to uPRST in the MCR.

D7 DCD 1 This bit is the complement of the Data Carrier
Detect (DCD) If STNDLN = 0, this reflects the
status of the UART Control Register bit. If bit 4 of
the MCRis setto a1, this bitis equivalentto Enable

Interrupt in the MCR.
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SSI1 73K222U

Single-Chip Modem

with UART
SCRATCH REGISTER (SCR)
STNDLN: 0 1
ADDRESS: UA2 - UAD =111 UA3-UAO0=0111

The Scratch Register is a dual port register which can be simultaneously accessed through both the UART
bus and the modem bus.This provides the possibility for the modem controller to communicate directly with
the central CPU. Note that if both processors write the Scratch Register, the data stored will be fromwhichever
processor last wrote the register.

DIVISOR LATCH (Least significant byte) (DLL)
STNDLN: 0 1
ADDRESS: UA2 - UAO =000, DLAB = 1 UA3 - UAO = 0000, DLAB =1

DIVISOR LATCH (Most significant byte) (DLM)
STNDLN: 0 1
ADDRESS: UA2-UAO0 =001, DLAB =1 UA3 - UAO = 0001, DLAB =1

DIVISOR LATCH VALUE VS. DATA RATE

The Divisor Latch is two 8-bit write only registers which control the rate of the programmable baud generator.
The programmable baud generator generates an output clock by dividing an internal 1.8432MHz clock by the
value stored in the divisor latch. This output clock has a value of 16X the data rate at which the modem will
operate. This output clockis available at pin 21 underthe control of bit 3 (D3) of the Modem Control Register 1.
Upon loading either of the Divisor Latches the 16-bit device counter is immediately loaded, preventing long
counts on initial load. The following table shows divisor values for common data rates.

DESIRED DIVISOR USED % ERROR DESIRED DIVISOR USED % ERROR
DATA RATE | FOR 16 x DATA | GENERATED |DATA RATE | FOR 16 x DATA GENERATED
RATE CLOCK RATE CLOCK
50" 2304 4800 24
751 1536 7200 16
110 1047 9600 12
13451 857 0.058 19200 6
159 1 768 38400 3
300 ' 384 56000 2 2.86
600 2 192 1. Data Rate valid for FSK transmission.
1200 96 : 2. Data Rate valid for halfspeed DPSK transmis-
1800 64 sion.
2000 58 0.69 3. Data Rjatg valid for normal 1200BPS DPSK
transmission.
2400 48
3600 32
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SSI 73K222U

Single-Chip Modem
with UART
MODEM REGISTER BIT DESCRIPTIONS : MODEM SECTION
CONTROL REGISTER (CRO0)
STNDLN: (] 1
ADDRESS: MA2 - MAO = 000 UA3 - UAO = 1000
BIT NO. NAME CONDITION DESCRIPTION
DO Answer/Originate 0 Selects Answer Mode (transmit in high band, re-
ceive in low band).
1 Selects Originate Mode (transmit in low band,
receive in high band).
D1 Transmit Enable 0 Disables transmit output at TXA.
1 Enables transmit output at TXA.
NOTE: Answer tone and DTMF TX control require
Transmit Enable. If Transmit Enable is on, call
progress and answer tone detector interrupts are
masked.
D2, D3 Character Size 0, 1 These bits are read only. These bits represent the

character size. The character size is determined
by the UART Line Control Register and includes
data, parity (if used), one start bit, and one stop bit.

D3 | D2 Character length
8-bit character
9-bit character
10-bit character
11-bit character

D4 Power ON This bit controls the power down mode of the
SSI 73K222U, the analog, and most digital por-
tions of the chip. The digital interface is active
during power down.

- a0
- O | =0

0 Power down mode.

1 Normal operation.
D5 Modulation Mode 0 DPSK

1 FSK
D6 Reserved 0 Must be written as zero.
D7 Modulation Option 0 DPSK: 1200 bit/s

1 600 bit/s

0 FSK: 103 mode

1 V.21 mode
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SSI 73K222U
Single-Chip Modem
with UART

CONTROL REGISTER (CR1)

STNDLN:
ADDRESS:

0
MA2 - MAO = 001

1

UA3-UAOD =

MODEM SECTION

1001

BIT NO.

NAME

CONDITION

DESCRIPTION

DO, D1

Test Mode

D1 DO

0 0

Selects normal operating mode.

0

Analog Loopback Mode. Loops the transmitted
analog signal back to the receiver, and causes the
receiver to use the same center frequency as the
Transmitter. To squelch the TXA pin, transmit
enable bit must be forced low.

Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data in TXD is ignored.

Selects half-duplex. Internally performs a logical
AND of TXD and RXD to send to the UART
receiver. Bothtransmit and receive characters will
occur at the Receiver Buffer Register.

D2

Reset

Selects normal operation.

Resets modem to power down state. All Control
Register bits (CR0, CR1, TONE) are reset to zero.
The output of the clock pin will be set to the crystal
frequency.

D3

CLK Control
(Clock Control)

CLK pin output is selected to be an 11.0592 MHz
crystal echo output.

CLK pinoutput is selected to be 16 x the Data Rate
set by the UART divisor latch.

D4

Bypass Scrambler

Selects normal operation. DPSK data is passed
through scrambler.

Selects Scrambler Bypass. DPSK data is routed
around scrambler in the transmit path.
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SSI 73K222U
Single-Chip Modem
with UART

CONTROL REGISTER (CR1) (Continued) MODEM SECTION

BIT NO. NAME CONDITION DESCRIPTION
D5 Enable Detect 0 Disables interrupts generated by Detect Register
Interrupt bits D1 - D4 at INT pin in dual-port mode, or at

INTRPT pin in single-port mode. All interrupts
normally disabled in power down modes.

1 Enables interrupts generated by Detect Register
bits D1 - D4 at INT pin in dual-port mode, or at
INTRPT pin in single-port mode. An interrupt will
be generated with a change in status of DR bits
D1 -D4. The answertone andcallprogress detect
interrupts are masked when the TX enable bit is
set. Carrier detect is masked when TX DTMF is
activated. All interrupts will be disabled if the
device is in power down mode. The interrupt is
reset when the DR register is read.

Dé, D7 Transmit Pattern D7 D6
0 0 Selects normal data transmission as controlled by
the state of the TXD pin.
0 1 Selects an alternating mark/space transmit pattern
for modem testing.
1 0 Selects a constant mark transmit pattern.
1 1 Selects a constant space transmit pattern.
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SSI 73K222U
Single-Chip Modem
with UART

DETECT REGISTER (DR)
STNDLN: 0 1 -

ADDRESS: MA2-MA0O=010 UA3-UA0=1010

BIT NO. NAME CONDITION DESCRIPTION

Do Long Loop Indicates normal received signal.

Indicates low received signal level (< -38 dBm).

D1 Call Progress Detect No call progress tone detected.

Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy
in the normal 350 to 620 Hz call progress band-
width.

D2 Answer Tone Received 0 No answer tone detected.

1 Indicates detection of 2225 Hz answer tone in Bell
mode or2100 Hzin CCITT mode. The device must
be in Originate Mode for detection of answer tone
for normal operation. For CCITT answer tone
detection, bit DO of the Tone Register must be set.

No carrier detected in the receive channel.

- O =10

D3 Carrier Detect

Carrier has been detected in the receive channel.
No unscrambled mark detected.

Indicates detection of unscrambled marks in the
received data. A valid indication requires that
unscrambled marks be received for > 1655 +
13.5 ms.

D5 Receive Data Continuously outputs the received data stream.
This data is the same as that output on the RXD
pin, but it is not disabled when RXD is tri-stated.

Ds, D7 D7 | Dé Product Identified
Device Signature 0, 1 0 0 SSI 73K212U
0 1 SSI 73K221U
0 SSI 73K222U

D4 Unscrambled Marks

-~ |O|=|O
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SSI 73K222U
Single-Chip Modem
with UART

TONE CONTROL REGISTER (TONE) MODEM SECTION
STNDLN: 0 1
ADDRESS: MA2-MAO=011  UA3-UAO = 1011

The Tone Control Register contains information on the tones that are transmitted. Tones are transmitted only
if the Transmit Enable bit is set. The priority of the transmit tones are: 1) DTMF, 2) Answer, 3) FSK,
4) Guard.

BIT NO. NAME CONDITION DESCRIPTION
DO DTMF 0/ Answer/ D6|D5|D4| DO | DO interacts with bits D6, D5, and D4 as shown:
Guard Tone X | X1} X | Transmit DTMF tones.
X|1[0[ 0 | Select 2225Hz answer tone (Bell).
X101 | Select 2100Hz answer tone (CCITT).
110(0] 0 [ Select 1800Hz guard tone.
1]10}10] 1 | Select 550Hz guard tone.
DO, D1, DTMF Table below  Programs 1 of 16 DTMF tone pairs that will be
D2, D3 transmitted when TX DTMF and TX enable bit
(CRO, bit D1) is set. Tone encoding is shown
below.
KEYBOARD DTMF CODE TONES
EQUIVALENT D3 D2 D1 DO LOW HIGH
1 0 0 0 1 697 1209
2 0 0 1 0 697 1336
3 0 0 1 1 697 1477
4 01 0 O 770 1209
5 0 1t 0 1 770 1336
6 o1 t o0 770 1477
7 o1 1 1 852 1209
8 1 0 0 0 852 1336
9 1 0 0 1 852 1477
0 10 1 0 941 1336
* i 0 1 1 941 1209
# 1 1 0 0 941 1477
A 11 0 1 697 1633
B 11 1 0 770 1633
C 1 1 1 1 852 1633
D 0 0 0O 941 1633
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SSI 73K222U
Single-Chip Modem
with UART

TONE CONTROL REGISTER (TONE) (Continued)

D4

TX DTMF
(Transmit DTMF)

0

Disable DTMF.

MODEM SECTION

1

Activates DTMF. The selected DTMF tones are
transmitted continuously when this bit is high. TX
DTMF overrides all other transmit functions.

D5

TX ANS
(Transmit Answer Tone)

D5

DO

D5 interacts with bit DO as shown.

Disables answer tone generator.

Enables answer tone generator. A 2225Hz an-
swer tone will be transmitted continuously when
the transmit enable bit is set. The device must be
in answer mode.

Enables a 2100Hz answer tone generator, with
operation same as above.

D6

TX Guard
(Transmit Guard Tone)

Disables guard tone generator.

Enables guard tone generator. (See DO for selec-
tion of guard tones).

D7

RXD/TXD Control

STNDLN

D7

Function is dependant on status of STNDLN pin.

0

RXD is output data received by modem, TXD is
serial output of UART.

RXD is electrically an input, but the signal is
ignored, TXD is forced to a mark.

RXD is serial input to UART, TXD is serial output
of UART.

CONTROL REGISTER (CR3)

STNDLN:
ADDRESS:

0

MA2 - MAO = 101

1

UA3 - UAD = 1101

BIT NO.

NAME

CONDITION

DESCRIPTION

DO - D4

Not Used

Not presently used.

D5

Off Hook

Relay driver open.

Open drain driver pulling low.

Dse, D7

Speaker Volume 0, 1

Speaker volume control status.

Speaker off

-24dB

-12dB

- O |= O

0dB
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SSI 73K222U
Single-Chip Modem
with UART

SCRATCH REGISTER (SCR) —
STNDLN: 0 1 MODEM SECTION

ADDRESS: MA2-MAO=110 UA3-UA0=1110

The Scratch Register is a dual-port register which can be accessed either through the UART bus orthe modem
bus. It can be used for a communication path outside the data stream.

UART CONTROL REGISTER (UCR)
STNDLN: 0 1
ADDRESS: MA2-MAO=111 UA3-UA0=1111

The UART Control Register contains the handshaking signals necessary for the microprocessor to commu-
nicate with the central CPU through the UART.

BIT NO. NAME CONDITION DESCRIPTION

DO CTS 1 In dual-port mode, CTS, DSR, DCD and RI are
writeable locations which can be read through the
16C450 port in the Modem Status Register.

D1 DSR 1

D2 DCD 1 In the single-port mode, DO - D3 are ignored and
the information for the Modem Status Register
comes directly from the external pins.

D3 RI 1

D4 DTR 1

D5 RTS 1 DTR and RTS are read only versions of the
same register bits in the Modem Contol Reg-
ister.

D6 Not Used

D7 TXCLK Clock TXCLK is the clock that the UART puts out with

TXD. The falling edge of TXCLK is coincident with
the transitions of dataon TXD. TXCLK canalsobe
used for the microprocessor to send synchronous
data independent of the UART by forcing data
patterns using CR1 bits 6 and 7 before the rising
edge of TXCLK.

NOTE: Control Register 2 (CR2) is reserved for future products and is disabled.
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SS173K222U
Single-Chip Modem
with UART

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

TA = -40°C 10 85°C, VDD = 5V + 10%, unless otherwise noted.

PARAMETER RATING UNIT
VDD Supply Voltage 7 \"
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD +0.3 Y

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETERS CONDITIONS MIN NOM MAX UNIT
VDD, Supply Voltage 45 5 55 A
TA, Operating Free-Air
Temperature -40 85 °C
External Component (Refer to application drawing for placement.)
VREF Bypass Capacitor ? (VREF to GND) 0.1 uF
Bias Setting Resistor ' (Placed between VDD
and ISET pins) 18 2 2.2 MQ
ISET Bypass Capacitor 2 ISET pinto GND 0.1 WF
VDD Bypass Capacitor ? (VDD to GND) 0.1 uF
XTL1 Load Capacitor From pin to GND 40 pF
XTL2 Load Capacitor From pin to GND 20 pF
Input Clock Variation (11.0592 MHz) -0.01 +0.01 %
Hybrid Loading
R1 See Figure 3 600 Q
R2 600 Q
C TXA Hybrid Loading 0.033 uF

1. Optional for minimum worst case current consumption.

2. Minimum for optimized system layout; may require higher values for noisy environments.
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SSI 73K222U

Single-Chip Modem
with UART
DC ELECTRICAL CHARACTERISTICS
TA = -40°C to +85 °C, VDD = 5V + 10%, unless otherwise noted.
PARAMETERS CONDITIONS MIN NOM MAX UNIT
IDD, Supply Current
IDDA, Active ISET Resistor = 2MQ 8 12 mA
IDDA, Active ISET = GND 8 15 mA
IDD1, Power-Down CLK = 11.0592MHz 3 4 mA
IDD2, Power-Down CLK = 19.200KHz 2 3 mA
Digital Inputs
Input High Current  1IH VI =VDD 100 HA
Input Low Current  IIL Vi=0 -200 pA
Input Low Voltage  VIL 0.8 \
Input High Voltage  VIH Except RESET & XTL1 2.0 Y
Input High Voltage  VIH RESET & XTL1 3.0 "
Pull Down Current RESETPIN 5 30 HA
Input Capacitance 10 pF
Digital Outputs
Output High Voltage VOH I0UT =-1mA 24 vDD \'
VOL UD0-UD7 and INTRPT IOUT = 3.2 mA 0.4 Vv
VOL other outputs IOUT = 1.6 mA 0.4 "
CLK Output VOL IOUT = 3.2 mA 0.6 \'%
OH Output VOL IOUT = 20 mA 1.0 ")
OH Output VoL 10UT = 10 mA 0.5 \Y
Offstate Current INTRPT pin | VO =0V -20 20 pA
Capacitance
Inputs Input Capacitance 10 pF
CLK Maximum capacitive load to pin 15 pF
Analog Pins
RXA Input Resistance 200 KQ
RXA Input Capacitance 25 pF
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SS173K222U
Single-Chip Modem
with UART

DYNAMIC CHARACTERISTICS AND TIMING
TA =-40°C to +85°C, VDD = 5V * 10%, unless otherwise noted.

PARAMETERS CONDITIONS MIN NOM MAX UNIT
DPSK Modulator
Carrier Suppression Measured at TXA 55 dB
Output Amplitude ANS TONE 2225 or 2100 Hz -11 -10.0 -9 dBmo
DPSK TX Scrambled Marks -11 -10.0 -9 dBmO
FSK Dotting Pattern -11 -10.0 -9 dBmo
FSK Tone Error Bell 103 or V.21 15 Hz
DTMF Generator
Freq. Accuracy -25 .25 %
Output Amplitude Low Band, not in V.21 mode -10 -9 -8 dBm0
Output Amplitude High Band, not in V.21 mode -8 -7 -6 dBmoO
Long Loop Detect DPSK or FSK -40 -32 dBmo
Demodulator
Dynamic Range DPSK or FSK 45 dB
Call Progress Detector
Detect Level 2-Tones in 350-600Hz Band -39 0 dBmo0
Reject Level 2-Tones in 350-600Hz Band -46 dBm0
Delay Time -70dBm0 to -30dBm0 Step 27 80 ms
Hold Time -30dBmo0 to -70dBm0 Step 27 80 ms
Hysteresis 2 dB
Carrier Detect DPSK or FSK Receive
Threshold Data -49 -42 dBmo0
Delay Time -70 dBmoO to -30 dBmO Step 15 45 ms
Hysteresis 2 3.0 dB
Hold Time -30 dBmoO to -70 dBmO Step 10 24 ms
Answer Tone Detector
Detect Level Threshold In FSK mode -49.5 -42 dBmo0
Delay Time -70dBmo0 to -30dBm0 STEP 20 45 ms
Hold Time -30dBmo0 to -70dBm0 STEP 10 30 ms -
Detect Frequency Range -25 +2.5 %
1. All units in dBmO are measured at the line input to the transformer. The interface circuit inserts an 8 dB
loss in the transmit path (TXA1 - TXA2 to line), and a 3dB loss in the receive path (line to RXA).
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SSI 73K222U

Single-Chip Modem
with UART
DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN | NOM MAX UNIT
Speaker Output
Gain Error -1 +1 dB
Output Swing SPKR 10K||50pF LOAD 5% THD 2.75 VP
Carrier VCO
Capture Range Originate or Answer -10 10 Hz
Capture Time -10Hz to +10Hz Carrier 40 100 ms
Frequency change assumed
Recovered Clock
Capture Range % of Center Frequency -625 +625 ppm
Data Delay Time Analog data in at RXA pin to 30 50 ms
receive data valid at RXD pin.
Guard Tone Generator
Tone Accuracy 550 or 1800Hz -20 +20 Hz
Tone Level 550HZ -4.0 -3.0 -2.0 dB
(Below DPSK Output) 1800HZ -7.0 -6.0 -5.0 dB
Harmonic Distortion 700 to 2900HZ -60 dB
SERIAL BUS INTERFACE (See Figure 4)
The following times are for CL = 100pF.
PARAMETER MIN | NOM MAX UNIT
TRD Data out from Read 0 140 ns
TCKD Data out after Clock 200 ns
TRDF Data Float after Read 0 200 ns
TRCK Clock High after Read 200 ns
TWW Write Width 140 10000 ns
TDCK Data Setup Before Clock 150 ns
TCKH Data Hold after Clock 20 ns
TCKW Write after Clock 150 ns
TACR Address setup before Control 50 ns
TCAR Address Hold after Control’ 50 ns
TACW Address setup before Write 50 ns
TCAW Address Hold after Write 50 ns
1. Control is later of falling edge of RD or DCLK.
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with UART

PARALLEL BUS INTERFACE (See Figure 5) The following times are for Cl = 100 pF.

PARAMETER MIN MAX MIN MAX UNIT
Dual-Port Mode | Single-Port Mode

RC Read Cycle = TAD + TRC 240 340 ns
TDIW DISTR Width 80 80 ns
TDDD Delay DISTR to Data (read time) 80 80 ns
THZ** DISTR to Floating Data Delay 0 50 0 50 ns
TRA Address Hold after DISTR 20 20 ns
TRCS Chip select hold after DISTR 20 20 ns
TAR* DISTR Delay after Address 20 20 ns
TCSR DISTR Delay after Chip Select 20 20 ns
WC Write Cycle = TAW + TDOW + TWC 140 140 ns
TDOW DOSTR Width 80 80 ns
TDS Data Setup 30 50 ns
TDH** Data Hold 20 20 ns
TWA Address Hold after DOSTR 20 20 ns
TWCS Chip select hold after DOSTR 20 20 ns
TAW* DOSTR delay after Address 20 20 ns
TCSW DOSTR delay after Chip Select 20 20 ns
TADS Address Strobe Width 40 ns
TAS Address Setup Time 30 ns
TAH Address Hold Time 0 ns
TCS Chip Select Setup Time 30 ns
TCH Chip Select Hold Time 0 ns
TRC Read Cycle Delay 40 40 ns
TWC Write Cycle Delay 40 40 ns
TAD Address to Read Data 200 300 ns
*  TARand TAW are referenced fromthe falling edge of either CS2 or DISTR or DOSTR, which ever is later.
** THZ and TDH are referenced from the rising edge of CS2 or DISTR or DOSTR, which ever is earlier.

1-108

1191 - rev.



SSI 73K222U

Single-Chip Modem
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FIGURE 4: Modem Serial Bus Timing
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TYPICAL PERFORMANCE CHARACTERISTICS

The SSI 73K222U was designed using an integrated
analog/digital architecture that offers optimum per-
formance over a wide range of line conditions. The
SSI 73K222U utilizes the circuit design proven in
SSI's 73K222L one-chip modem, with added en-
hancements which extend low signal level perfor-
mance and increase immunity to spurious noise typi-
cally encountered in integral bus applications. The
SSI 73K222U provides excellentimmunity tothe types
of disturbances present with usage of the dial-up
telephone network. The following curves show repre-
sentative Bit Error Rate performance under various
line conditions.

BER vs. S/N

This test measures the ability of the modem to function
with minimum errors when operating over noisy lines.
Since some noise is generated by even the best dial-
up lines, the modem must operate with as low a S/N
ratio as possible. Optimum performance is shown by
curves that are closest to the zero axis. A narrow
spread between curves for the four line conditions
indicates minimal variation in performance when oper-
ating over arange of line qualities and is typical of high
performance adaptive equalization receivers. High
band receive data is typically better than low band due
to the inherent design of PSK modems.
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SSI173K222U
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BER vs. Receive Level

This measures the dynamic range of the modem. As
signal levels vary widely over dial-up lines, the widest
dynamic range possible is desirable. The minimum
Bell specification calls for 36dB of dynamic range.
S/N ratios were held constant at the indicated values
while receive level was lowered from very high to very
low signal levels. The “width of the bowl” of these
curves taken at the 10- BER point is a measure of the
dynamic range.

BER vs. Carrier Offset

This parameterindicates how the modemperformance
is impacted by frequency shifts encountered in normal
PSTN operation. Flat curves show no performance
degradation fromfrequency offsets. The SSI K-Series
devices use a 2nd order carrier tracking phase-locked-
loop, which is insensitive to carrier offsets in excess of
10Hz. The Bell network specifications aliow as much
as 7Hz offset, and the CCITT specifications require
modems to operate with 7Hz of offset.

SS| 73K222U
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APPLICATION

The SSI73K222U includes additional circuitry to greatly
simplify integral modem designs in either of two differ-
ent configurations. The single-port mode represents
the most efficient implementation for an integral mo-
dem. Figure 9 shows a typical schematic using this
mode. In this configuration, the SSI 73K222U trans-
fers data and commands through the single parallel
port. All modem control is provided by the main CPU,
eliminating the need for an external microcontroller
and supporting components. The SSI 73K222U is
unique in that access to both the UART and modem
sections is possible through the UART port. Also
shown is a separate serial port, which can be used
independent of the modem function when the modem
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section is inactive. Figure 10 shows a more conven-
tional integral modem design, in which a local micro-
processor handles modem supervision, allowing the
modem function to be transparent to the main proces-
sor. Inclusion of the hybrid drivers, audio volume
control, and off hook relay driver reduces component
count for a highly efficient design. In either mode of
operation, the SSI 73K222U’s ability to operate froma
single +5 volt power supply eliminates the need for
additional supply voltages and keeps power usage to
a minimum.

(See Figure 9 & 10: Typical Integral Applications
Single and Dual-Port Modes.)
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SSI 73K222U
Single-Chip Modem
with UART

PACKAGE PIN DESIGNATIONS

(TOP VIEW) O+ 40 [] voo Parentheses indicate single-port mode.
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ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K222U
40-Pin Plastic Dual-In-Line 73K222U - IP 73K222U - IP
44-Pin Plastic Leaded Chip Carrier 73K222U - IH 73K222U - IH

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 5673-6914
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SSI 73K224L

(ﬂéa”lcf JM ' V.22bis/V.22/V.21,
A TDK Group J Company Single.BgLIis.IMzﬁ(/j.'e?g
November 1991

DESCRIPTION

The SSI 73K224L is a highly integrated single-chip
modem [C which provides the functions needed to
construct a V.22bis compatible modem, capable of
2400 bit/s full-duplex operation over dial-up lines. The
SSI 73K224L offers excellent performance and a high
level of functional integration in a single 28-pin DIP.
This device supports V.22bis, V.22, V.21, Bell 212A
and Bell 103 modes of operation, allowing both syn-
chronous and asynchronous communication. The
SS173K224L is designed to appear to the systems
designer as a microprocessor peripheral, and will eas-
ily interface with popular single-chip microprocessors
(80C51 typical) for control of modem functions through
its 8-bit multiplexed address/data bus or via an optional
serial control bus. An ALE control line simplifies
address demultiplexing. Data communications nor-
mally occur through a separate serial port. The
SSI 73K224L is pin and software compatible with the
SSI 73K212L and SSI 73K222L single-chip modem
ICs, allowing system upgrades with a single compo-
nent change.

The SSI173K224L operates from a single +5 volt supply
for low power consumption.

The SS173K224L is ideal for use in either free-standing
or integral system modem products where full-duplex

FEATURES

One-chip multi-mode V.22bis/V.22/V.21 and

Bell 212A/103 compatible modem data pump
FSK (300 bit/s), DPSK (600, 1200 bit/s), or QAM
(2400 bit/s) encoding

Pin and software compatible with other

SSI K-Series 1-chip modems

Interfaces directly with standard microprocessors
(8048, 80C51 typical)

Parallel microprocessor bus (28-pin DIP, 32- and
44-pin PLCC) for control

Selectable asynch/synch with internal buffer/
debuffer and scrambler/descrambler functions
All synchronous and asynchronous operating
modes (internal, external, slave)

Adaptive equalization for optimum performance
over all lines

Programmable transmit attenuation (16 dB, 1 dB
steps), selectable receive boost (+12 dB)

Call progress, carrier, answer tone, unscrambled
mark, S1, and signal quality monitors

DTMF, answer and guard tone generators

Test modes available: ALB, DL, RDL, Mark,
Space, Alternating bit, S1 pattern

CMOS technology for low power consumption
(typically 125 mW @ 5V) with power-down mode
(15 mW @ 5V)
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(Continued) o TTL and CMOS compatible inputs and outputs
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SSI1 73K224L
V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

DESCRIPTION (Continued)

2400 bit/s data communications over the 2-wire
switched telephone network is desired. Its high func-
tionality, low power consumption, and efficient packag-
ing simplify design requirements and increase system
reliability.

The SSI173K224L is designed to be a complete V.22bis
compatible modem on a chip. The complete modem
requires only the addition of the phone line interface, a
control microprocessor, and RS-232 level converter for
a typical system. Many functions were included to
simplify implementation of typical modem designs. In
addition to the basic 2400 bit/'s QAM, 600/1200 bit/s
DPSK and 300 bit/s FSK modulator/demodulator sec-
tions, the device also includes SYNCH/ASYNCH
converters, scrambler/descrambler, call progress tone
detect, DTMF tone generator capabilities and hand-
shake pattern detectors. V.22bis, V.22, V.21 and Bell
212A/103 modes are supported (synchronous and
asynchronous) and test modes are provided for diag-
nostics. Most functions are selectable as options and
logical defaults are provided.

OPERATION

QAM MODULATOR/DEMODULATOR

The SSI 73K224L encodes incoming data into quad-
bits ‘represented by 16 possible signal points with
specific phase and amplitude levels. The baseband
signal is then filtered to reduce intersymbol interfer-
ence on the bandlimited telephone network. The
modulator transmits this encoded data using either a
1200 Hz (originate mode) or 2400 Hz (answer mode)
carrier. The demodulator, although more complex,
essentially reverses this procedure while also recover-
ing the data clock from the incoming signal. Adaptive
equalization corrects for varying line conditions by
automatically changing filter parameters to compen-
sate for line characteristics.

DPSK MODULATOR/DEMODULATOR

The SSI 73K224L modulates a serial bit stream into
di-bit pairs that are represented by four possible phase
shifts as prescribed by the Bell 212A/V.22 standards.
The base-band signal is then filtered to reduce inter-
symbol interference on the bandlimited 2-wire PSTN
line. Transmission occurs on either a 1200 Hz (origi-
nate mode) or 2400 Hz carrier (answer mode).
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Demodulation is the reverse of the modulation pro-
cess, with the incoming analog signal eventually
decoded into di-bits and converted back to a serial bit
stream. The demodulator also recovers the clock
which was encoded into the analog signal during
modulation. Demodulation occurs using either a
1200 Hz carrier (answer mode or ALB originate mode)
or a 2400 Hz carrier (originate mode or ALB answer
mode). Adaptive equalization is also used in DPSK
modes for optimum operation with varying line
conditions.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. The Bell 103 standard
frequencies of 1270 and 1070 Hz (originate mark and
space) and 2225 and 2025 Hz (answer mark and
space) are used when this mode is selected. V.21
mode uses 980 and 1180 Hz (originate, mark and
space) or 1650 and 1850 Hz (answer, mark and
space). Demodulation invoives detecting the received
frequencies and decoding them into the appropriate
binary value. The rate converter and scrambler/
descrambler are bypassed in the FSK modes.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals. Amplitude
and phase equalization are necessary to compensate
for distortion of the transmission line and to reduce
intersymbol interference in the bandlimited receive
signal. The transmit signal filtering corresponds to a
75% square root of raised Cosine frequency response
characteristic.

ASYNCHRONOUS MODE

The asynchronous mode is used for communication
with asynchronous terminals which may communicate
at600,1200, or 2400 bit/s +1%, -2.5% eventhoughthe
modem’s output is limited to the nominal bit rate +.01%.
When transmitting in this mode the serial data on the
TXD input is passed through a rate converter which
inserts or deletes stop bits in the serial bit stream in
order to output a signal that is the nominal bit rate
+.01%. This signal is then routed to a data scrambler
and into the analog modulator where quad-bit/di-bit
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V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

encoding results in the output signal. Both the rate
converter and scrambler can be bypassed for hand-
shaking, FSK, and synchronous operation as selected.
The device recognizes a break signal and handles itin
accordance with Bell 212A specifications. Received
data is processed in a similar fashion except that the
rate converter now actsto reinsert any deleted stop bits
and output data to the terminal at no greater than the
bit rate plus 1%. Anincoming break signal (low through
two characters) will be passed through without incor-
rectly inserting a stop bit.

The SYNC/ASYNC converter also has an extended
overspeed mode which allows selection of an output
overspeed range of either +1% or +2.3%. In the
extended overspeed mode, stop bits are output at 7/8
the normal width.

Similar to the transmit side, both the SYNC/ASYNC
rate converter and the data descrambler are bypassed
in the FSK modes.

SYNCHRONOUS MODE

Synchronous operation is possible only in the QAM or
DPSK modes. Operation is similar to that of the
asynchronous mode exceptthat data mustbe synchro-
nized to a provided clock and no variation in data
transfer rate is allowable. Serial input data appearing
at TXD must be valid on the rising edge of TXCLK.
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TXCLK is an internally derived 1200 or 2400 Hz signal
in internal mode and is connected internally to the
RXCLKpininslave mode. Receive data atthe RXD pin
is clocked out on the falling edge of RXCLK. The
asynch/synch converter is bypassed when synchro-
nous mode is selected and data is transmitted at the
same rate as it is input.

PARALLEL BUS INTERFACE

Seven 8-bit registers are provided for control, option
select, and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as seven consecutive memory loca-
tions. Five control registers are read/write memory.
The detect and ID registers are read only and cannot
be modified except by modem response to monitored
parameters.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and the
TX DTMF mode bit previously loaded into the tone
register. Transmissionof DTMF tones is initiated when
the DTMF mode is selected and the transmit enable
(CRO bit D1) is changed from O to 1.
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SSI173K224L
V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

PIN DESCRIPTION

POWER

NAME | 28-PIN | 32-PIN | 44-PIN | TYPE | DESCRIPTION

GND 28 32 44 | System Ground.

VDD 15 17 23 | Power supply input, 5V -5% +10%. Bypass with .22 pF and 22
WF capacitors to GND.

VREF 26 30 42 O An internally generated reference voltage. Bypass with .22 uF
capacitor to GND. )

ISET 24 27 36 1 Chip current reference. Sets bias current for op-amps. The chip
current is set by connecting this pin to VDD through a 2 MQ
resistor. Iset should be bypassedto GND with a.22 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

NAME | 28-PIN | 32-PIN | 44-PIN | TYPE | DESCRIPTION

ALE 12 14 20 | Address latch enable. The falling edge of ALE latches the
address on ADO-AD2 and the chip select on CS.

ADO- 4-11 4,6-12 4,9-15 170 Address/data bus. These bidirectional tri-state multi-plexed

AD7 lines carry information to and from the internal registers.

(&3] 20 23 32 | Chip select. Alow on this pin allows a read cycle or a write cycle
to occur. ADO-AD7 will not be driven and no registers will be
written it CS (latched) is not active. CS is latched on the falling
edge of ALE.

CLK 1 1 1 o Output clock. This pin is selectable under processor control to
be either the crystal frequency (for use as a processor clock) or
16 x the data rate for use as a baud rate clock in QAM/DPSK
modes only. The pin defaults to the crystal frequency on reset.

INT 17 19 25 (0] Interrupt. This open drain weak pullup, output signal is used to
inform the processor that a detect flag has occurred. The
processor must then read the detect register to determine which
detect triggered the interrupt. INT will stay active until the pro-
cessor reads the detect register or does a full reset.

RD 14 16 22 | Read. A low requests a read of the SSI 73K224L internal
registers. Data cannot be output unless both RD and the latched
CS are active or low.

RESET 25 28 37 l Reset. An active high signal on this pin wiil put the chip into an
inactive state. All control register bits (CR0, CR1, CR2, CR3,
Tone) will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down resistor permits power
on reset using a capacitor to VDD.

WR 13 15 21 l Write. A low on this informs the SSI 73K224L that data is
available on ADO-AD?7 for writing into an internal register. Data
is latched onthe rising edge of WR. Nodata is written unless both
WR and the latched CS are active (low).

Note:  Theserial control mode is provided in the 28-pin version by tying ALE high and CS low. In this configuration AD7

becomes DATA and ADO, AD1 and AD2 become A0, A1 and A2, respectively.
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V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

DTE USER INTERFACE

NAME

28-PIN

32-PIN

44-PIN

TYPE

DESCRIPTION

EXCLK

19

22

31

External Clock. This signalis used in synchronous transmission
when the external timing option has been selected. In the
external timing mode the rising edge of EXCLK is used to strobe
synchronous DPSK transmit data available onthe TXD pin. Also
used for serial control interface.

RXCLK

23

26

35

Receive Clock. The falling edge of this clock output is coincident
with the transitions in the serial received data output. The rising
edge of RXCLK can be used to latch the valid output data.
RXCLK will be active as long as a carrier is present.

RXD

22

25

34

Received Digital Data Output. Serial receive data is available on
this pin. The data is always valid on the rising edge of RXCLK
when in synchronous mode. RXD will output constant marks if
no carrier is detected.

TXCLK

18

20

26

Transmit Clock. This signal is used in synchronous transmission
to latch serial input data on the TXD pin. Data must be provided
so that valid data is available on the rising edge of the TXCLK.
The transmit clock is derived from different sources depending
upon the synchronization mode selection. In Internal Mode the
clock is generated internally. In External Mode TXCLK is phase
locked to the EXCLK pin. In Slave Mode TXCLK is phase locked
to the RXCLK pin. TXCLK is always active.

TXD

21

24

33

Transmit Digital Data Input. Serial data fortransmission is input
onthis pin. In synchronous modes, the data must be valid on the
rising edge of the TXCLK clock. In asynchronous modes (2400/
1200/600 bit/s or 300 baud) no clocking is necessary. DPSK
data must be +1%, -2.5% or +2.3%, -2.5 % in extended
overspeed mode.

ANALO

G INTERFACE AND OSCILLATOR

NAME

28-PIN

32-PIN

44-PIN

DESCRIPTION

RXA

27

32

43

Received modulated analog signal input from the phone line.

TXA

16

18

24

Transmit analog output to the phone line.

XTL1
XTL2

2
3

2
3

2
3

These pins are for the internal crystal oscillator requiring a
11.0592 MHz parallel mode crystal. Two capacitors from these
pins to ground are also required for proper crystal operation.
Consult crystal manufacturer for proper values. XTL2 can also
be driven from an external clock.
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SSI 73K224L
V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

REGISTER DESCRIPTIONS

Seven 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the AQ, A1 and
A2 address lines in serial mode, or the ADQ, AD1 and
AD2 lines in parallel mode. The address lines are
latched by ALE. Register CRO controls the method by
which data is transferred over the phone line. CR1
controls the interface between the microprocessor and

REGISTER BIT SUMMARY

the SSI 73K224L internal state. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trols the DTMF generator, answer and guardtones and
RXD output gate used in the modem initial connect
sequence. CR2 is the primary DSP control interface
and CR3 controls transmit attenuation and receive
gain adjustments. All registers are read/write except
forDRand ID which are read only. Registercontroland
status bits are identified below:

ADDRESS DATA BIT NUMBER
REGISTER AD - A0 D7 D6 DS D4 D3 D2 D1 Do
CONTROL MODULATION | MODULATION | TRANSMIT | TRANSMIT | TRANSMIT
MODULATION TRANSMIT | ANSWER/
REGI:I’EH CRo 000 OPTION TV1PE rvops uozoe 'R:DE “‘;DE ENABLE ORIGINATE
BYPASS
CONTROL TRANSMIT | TRANSMIT ENABLE | SCRAMBLER CLK TEST TEST
REGISTER CR1 | 001 PATTERN PATTERN DETECT CONTROL RESET MODE MODE
1 1 1) INTERRUPT 1 [
DETECT RECEIVE PATTERN RECEIVE UNSCR. CARRIER SPECIAL CALL SIGNAL
REGISTER DR| 010 MARK TONE PROGRESS
LEVEL S1DET DATA DETECT DETECT DETECT DETECT QUAUTY
TONE RXD TRANSMIT | TRANSMIT DTMFY/
CONTROL  TR| on OUTPUT GUARD ANSWER vl DTMF3 DTMF2 ExTeNDED | DTHFIGHARD!
REGISTER CONTROL TONE TONE OVERSPEED
CONTROL SPECIAL
CALL TRANSMIT RESET TRAIN EQUALIZER
REGISTER CR2 | 100 REGISTER | \uaiize P> 16 WAY 3 BT CNABLE
2 ACCESS
CONTROL RECEIVE TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT
REGISTER CR3 | 101 TXDALT GAIN ATTEN. ATTEN. ATTEN, ATTEN.
3 BOOST 3 2 1 )
SPECIAL TXD sa sa
REGISTER SR 101 TX BAUD RX UNSCR. SOURCE SELECT 1 SELECTO
CLOCK DATA
D
REGISTER D] 110

NOTE: When a register containing reserved control
bits is written into, the reserved bits must be
programmed as 0's.
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V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

ADDRESS DATA BIT NUMBER
[ neaster AD2- ADO v | o | oe | o [ w [ | 01 Do
CONTROL MODULATION | MODULATION | MODULATION | TRansMT | TRANSMT | TRANsMT | TRANsMT | ANswews
REGISTER CRO | 000 oPTION TYPE TYPE MODE NODE MODE ENABLE | ORIGINATE
° 1 ° 2 1 ]
l_ 10-0AM 0000=PWR DOWN _—I 0=DISABLE 0-ANSWER
QAM: 0=2400BIT/S 00-DPSK 0001=INT SYNCH TXA OUTPUT  1-=ORIGINATE
DPSK: 0-1200BIT/S 01-FSK 0010=EXT SYNCH 1=ENABLE
12600 BIT/S 0011=5LAVE SYNCH TXA OUTPUT
FSK: 0103 MODE 0100-ASYCH 8 BITS/CHAR
1=V.21 0101=ASYCH 9 BITS/CHAR
0110=ASYCH 10 BITS/CHAR
0111=ASYCH 11 BITS/CHAR
1100=FSK
controL | TRANSMT | TRANSMIT BusLE BYPASS 6K a TEST Iest
REGISTER PATTERN PATTE DETE ESET MODE DE
. " 5 e | ScRAMBLER | coNTROL ) A
l_ 00=TX DATA 0-DISABLE  O0-NORMAL  0=XTAL 0-NORMAL —L ooa«om:u.*_J
01=TX ALTERNATE 1-ENABLE  1-BYPASS 116 XDATA  1-RESET 01-ANALOG LOOPBACK
10=TX MARK SCRAMBLER RATE OUTPUT 10=REMOTE DIGITAL
11=TX SPACE AT CLK PN IN LOOPBACK
QAWDPSK 11-LOCAL DIGITAL
MODE ONLY LOOPBACK
DETECT RECEVE st RECEIVE UNSCR. CARRIER ANSWER o SIGNAL
REGISTER DR| o010 LEVEL PATTERN DATA MARKS DETECT TONE TONE QUALITY
INDICATOR DETECT DETECT DETECT DETECT INDICATOR
0=SIGNAL 0=NOT PRESENT OUTPUTS L oconomonnoroeTEcTED — 1 000D
BELOW 1=PATTERN RECEWED 1-CONDITION DETECTED 1-BAD
THRESHOLD ~ FOUND DATASTREAM
1=ABOVE
THRESHOLD
TONE AXD TRANST | Thanswr | TRANsMT DTMFY DTMFY
coNTROL  TR| o1 OQUTRUT CALLING ANSWER DTMF DTMF3 DTMF2 EXTENDED GUARD/
REGISTER CONTROL ToNE TONE OVERSPEED | ANSWER
RXD PIN 0=OFF 0=OFF 0-DATA L e coverortoF s !
O=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMBINATIONS 0=1800 Hz G.T.
1-OPEN 2225 Hz ANS TONE
GENERATED.
12550 Hz G.T.
2100 Hz ANS TONE
GENERATED &
DETECTED (V.21, V.22)
CONTROL SPECIAL CALL TRANSMIT REsET TRAIN EQUALIZER
REGISTER CRz| 100 REGISTER | INIMAUZE 81 16 WAY DsSp INHBIT ENABLE
2 ACCESS
0-ACCESSCR3 0-DSP IN ONORMAL  0=RX=TX -DSP 0-ADAPTEQ  0=ADAPTEQ
1=ACCESS DEMODMODE  DOTTNG  1-RX-16WAY  INACTI ACTIVE ININIT
SPECIAL 1=DSPINCALL  1=S1 =DSP 1-ADAPTEQ  1=ADAPTEQ
REGISTER PROGRESS ACTIVE FROZEN OK TO ADAPT
MODE
CONTROL RECEIVE TRANSMT | TRANSMT | TRANSMT | TRANSMIT
REGISTER CR3| 101 TXDALT GAIN ATTEN, ATTEN, ATTEN. ATTEN.
a 800ST 3 2 1 °
ALTERNATE NoBOOST L 00001111, SETS
i3 1=1208 BOOST TRANSMIT ATTENUATOR
16 dB RANGE
DEFAULT=0100 = -10 doM
SPECIAL sa
REGISTER  SR| 101 SELECTY
OUTPUTS OUTPUTS oTXD PN L
TXBAUD UNSCR. 1=TXALTBIT 5
cLock DATA R0=10° BER
01-10® BER
10-10# BER
11102 BER
0
REGISTER 10| 110 1 1} D 1
00XX=TaK212, 322, 321
0=
1101=73K312
1-123

1191 - rev.



SSI 73K224L
V.22bis/V.22/V.21, Bell 212A/103

Single-Chip Modem
CONTROL REGISTER 0
D7 D6 D5 D4 D3 D2 D1 DO
CRO | MODUL. | MODUL. | MODUL. | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT| ANSWER/
000 | OPTION | TYPE1 | TYPEO | MODE2 | MODE 1 MODE 0 | ENABLE |ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
DO Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band).
1 Selects originate mode (transmitin low band,receive in
high band).
D1 Transmit 0 Disables transmit output at TXA.
Enable Enables transmit output at TXA.
Note: Transmit Enable must be set to 1 to allow
activation of Answer Tone or DTMF.
D5 D4 D3 D2
D5, D4, Transmit 0 0 0O Selects power down mode. All functions
D3, D2 Mode disabled except digital interface.

0 0 0 1 Internal synchronous mode. In this mode TXCLK is an
internally derived 1200 or 2400 Hz signal. Serial input
data appearing at TXD must be valid on the rising edge
of TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 or 2400 Hz clock must
be supplied externally.

00 1 1 Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connected internally to
the RXCLK pin in this mode.

0t 0O Selects asynchronous mode - 8 bits/character (1 start
bit, 6 data bits, 1 stop bit).

01 0 1 Selects asynchronous mode - 9 bits/character (1 start
bit, 7 data bits, 1 stop bit).

01 1 0 Selects asynchronous mode - 10 bits/character (1 start
bit, 8 data bits, 1 stop bit).

o1 1 1 Selects asynchronous mode - 11 bits/character (1 start
bit, 8 data bits, Parity and/or 1 or 2 stop bits).

11 0 0 Selects FSK operation.

D6 D5
D6,D5 Modulation 1 0 QAM
Type 0 0 DPSK
0 1 FSK
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CONTROL REGISTER 0 (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
CRO| MODUL. { MODUL. | MODUL. | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT| ANSWER/
000 | OPTION | TYPE1 | TYPEO | MODE2 MODE 1 MODE 0 | ENABLE |ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
D7 Modulation 0 QAM selects 2400 bps. DPSK selects 1200 bps.
Option FSK selects 103 mode.
1 DPSK selects 600 bps.
FSK selects V.21 mode.
CONTROL REGISTER 1
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT TRANSMIT | ENABLE | BYPASS CLK TEST | TEST
CR1 PATTERN PATTERN DETECT | SCRAMB | CONTROL | RESET | MODE | MODE
001 1 0 INT. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1, DO Test Mode 0 0 Selects normal operating mode.

0 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable bit must be low.

i 0 Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

1 1 Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit data carrrier at
TXA pin.

D2 Reset 0 Selects normal operation.

1 Resets modem to power down state.  All control
registerbits (CR0, CR1,CR2, CR3 and Tone) are reset
to zero except CR3 bit D2. The output of the clock pin
will be set to the crystal frequency.

D3 Clock Control 0 Selects 11.0592 MHz crystal echo output at CLK pin.

1 Selects 16 X the data rate, output at CLK pin in DPSK/
QAM modes only.
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CONTROL REGISTER 1 (Continued)

D7 D6

D5

D4 D3 D2 D1 DO

CR1
001

TRANSMIT
PATTERN

1 0

TRANSMIT
PATTERN

ENABLE
DETECT
INT.

CLK
CONTROL

TEST
MODE

TEST
MODE

BYPASS

SCRAMB RESET

BIT NO.

NAME

CONDITION

DESCRIPTION

D4

Bypass
Scrambler

0

Selects normal operation. DPSK data is passed
through scrambler.

Selects Scrambler Bypass. Bypass DPSK data is
routed around scrambler in the transmit path.

D5

Enable Detect
Interrupt

Disables interrupt at INT pin. All interrupts are
normally disabled in power down modes.

Enables INT output. An interrupts will be generated
with a change in status of DR bits D1-D4 and D6. The
answer tone and call progress detect interrupts are
masked when the TX enable bit is set. Carrier detect
is masked when TX DTMF is activated. All interrupts
will be disabled if the device is in power down mode.

D7,D6

D7 D6

Transmit
Pattern

0 0

Selects normal data transmission as controlled
by the state of the TXD pin.

Selects an alternating mark/space transmit pattern for
modem testing and handshaking. Also used for S1
pattern generation. See CR2 bit D4.

Selects a constant mark transmit pattern.

Selects a constant space transmit pattern.

DETECT REGISTER

D7 D6

D5

D4 D3 D2 D1 DO

DR
010

RECEIVE
LEVEL
INDICATOR

S1
PATTERN
DETECT

RECEIVE
DATA

UNSCR.
MARK
DETECT

ANSWER
TONE
DETECT

CARR.
DETECT

CALL
PROG.
DETECT

SIGNAL
QUALITY
INDICATOR

BIT NO.

NAME

CONDITION

DESCRIPTION

DO

Signal Quality

0

Indicates normal received signal.

1

Indicates low received signal quality (above average
error rate).

D1

Call Progress

No call progress tone detected.

Detect

Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in
the normal 350 to 620 Hz call progress bandwidth.
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Single-Chip Modem
DETECT REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 DO

DR RECEIVE S1 RECEIVE UNSCR. CARR. | ANSWER | CALL SIGNAL
010 LEVEL PATTERN DATA MARK DETECT TONE PROG.| QUALITY

INDICATOR{ DETECT DETECT DETECT INDICATOR
BIT NO. NAME CONDITION DESCRIPTION
D2 Answer Tone 0 No answer tone detected.

Received 1 Indicates detection of 2225 Hz answer tone in Bell

mode (TR bit D0O=0) or 2100 Hz if in CCITT mode (TR
bit DO=1). The device must be in originate mode for
detection of answer tone.

D3 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel.
D4 Unscrambled 0 No unscrambled mark.
Mark 1 Indicates detection of unscrambled marks in the
received data. Should be time qualified by software.
D5 Receive Continuously outputs the received data stream. This
Data data is the same as that output on the RXD pin, but it
is not disabled when RXD is tri-stated.
D6 S1 Pattern 0 No S1 pattern being received.
Detect 1 S1 pattern detected. Should be time qualified by

software. S1 pattern is defined as a double di-bit
(001100..) unscrambled 1200 bit/s DPSK signal. Pat-
tern must be aligned with baud clock to be detected.

D7 Receive Level 0 Received signal level below threshold,
(= -21 dBm0); can use receive gain boost (+12 dB).
1 Received signal above threshold.
TONE REGISTER
D7 Dé D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ | DTMF 0/
TR QUTPUT GUARD ANSWER DTMF DTMF 3 | DTMF 2 |[EXTENDED|ANSWER/
011 CONTR. TONE TONE OVER- GUARD
SPEED
BIT NO. NAME CONDITION DESCRIPTION
D6 D5 D4 DO DO interacts with bits D6, D5, and D4 as shown.
Do DTMF 0/ X X 1 X Transmit DTMF tones.
Answer/ X 1 0 0 Select Bellmode answer tone. Interacts with DR bit D2
Guard Tone and TR bit D5.
X 1 0 1 Select CCITT mode answertone. Interacts with DR bit
(Continued) D2 and TR bit D5.
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TONE REGISTER (Continued)

b7 Dé D5 D4 D3 D2 D1 DO
RXD TRANSMIT [ TRANSMIT | TRANSMIT DTMF 1/ | DTMF 0/
TR | OUTPUT | GUARD ANSWER DTMF DTMF 3 | DTMF 2 |EXTENDED| ANSWER/
011 | CONTR. TONE TONE OVER- GUARD
SPEED
BIT NO. NAME CONDITION DESCRIPTION
DO DTMF 0/ D6 D5 D4 DO DO interacts with bits D6, D5, and D4 as shown.
Answer/
1 | .
Guard Tone 0 0 O Select 1800 Hz guard tone
1 0 0 1 Select 550 Hz guard tone.
D4 D1 D1 interacts with D4 as shown.
D1 g{ﬁ;gé 0 0 Asynchronous QAM or DPSK +1.0% -2.5%.
Overspeed 0 1 Asynchronous QAM or DPSK +2.3% -2.5%.
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, D0 2,1,0 11 1 1 transmitted when TX DTMF and TX enable bit (CRO, bit
D1) is set. Tone encoding is shown below:
KEYBOARD DTMF CODE TONES
EQUIVALENT | D3 D2 D1 DO | LOW HIGH
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 01 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
0 1 0 1 0 | 941 1336
* 1 0 1 1 941 1209
# 1 1 0 0 | 941 1477
A i 1 0 1 697 1633
B 1 1 1 0 | 770 1633
C 11 1 1 852 1633
D 0 0 0 O | 941 1633
D4 TX DTMF 0 Disable DTMF.
(-gaTrl\‘ASg“t 1 Activate DTMF. The selected DTMF tones are trans-
) mitted continuously when this bit is high. TX DTMF
overrides all other transmit functions.
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Single-Chip Modem
TONE REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 Do
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ | DTMF 0/
TR OUTPUT | GUARD ANSWER DTMF DTMF 3 [ DTMF 2 OVER- | ANSWER/
011 | CONTR. TONE TONE SPEED | GUARD
BIT NO. NAME CONDITION DESCRIPTION
D5 D4 DO D5 interacts with bits D4 and DO as shown. Also
interacts with DR bit D2 in originate mode. See Detect
Register description.
D5 Transmit 0 0 X Disables answer tone generator.
Answer Tone 1.0 0 In answer mode, a Bell 2225 Hz tone is transmitted
continuously when the Transmit Enable bit is set.
1 0 1 Likewise, a CCITT 2100 Hz answer tone is transmitted.
D6 Transmit 0 Disables guard tone generator.
Guard Tone 1 Enables guard tone generator. (See DO for selection
of guard tones.)
D7 RXD OQutput 0 Enables RXD pin. Receive data will be output on RXD.
Control 1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.
CONTROL REGISTER 2
D7 D6 D5 D4 D3 D2 D1 DO
CR2 SPEC CALL TRANSMIT TRAIN | EQUALIZER
100 0 REG INIT St 16 WAY RESET INHIBIT ENABLE
ACCESS DSP
BIT NO. NAME CONDITION DESCRIPTION
DO Equalizer 0 The adaptive equalizer is in its initialized state.
Enable 1 The adaptive equalizer is enabled. This signal is used
in handshakes to control when the equalizer should
calculate its coefficients.
D1 Train 0 The adaptive equalizer is active.
Inhibit 1 The adaptive equalizer coefficients are frozen.
D2 RESET DSP 0 The DSP is inactive and all variables are initialized.
1 The DSP is running based on the mode set by other
control bits
D3 16 Way 0 The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode).
1 The receiver, independent of the transmitter, is forced
into a 16 point decision plane. Used for QAM hand-
shaking.
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CONTROL REGISTER 2 (Continued)

D7 D6 D5 D4 D3 D2 D1 DO
CR2 SPEC CALL | TRANSMIT RESET TRAIN | EQUALIZER
100 0 REG INIT - S1 16WAY DSP INHIBIT ENABLE
ACCESS
BIT NO. NAME CONDITION DESCRIPTION
D4 Transmit 0 The transmitter when placed in QAM alternating mark/
S1 space mode transmits 0101...... scrambled or not de-
pendent on the bypass scrambler bit.
1 When this bit is 1 and only when the transmitter is
placedinalternating mark/space mode by CR1 bits D7,
D6, an unscrambled repetitive double dibit pattern of
00 and 11 at 1200 bit/s (S1) is sent.
D5 Call Init 0 The DSP is setup to do demodulation and pattern
detection based on the various mode bits.
1 The DSP decodes both answer tone and call
progress tones.
D6 Special 0 Normal CR3 access.
Register 1 Setting this bit and addressing CR3 allows access to
Access the SPECIAL REGISTER. See the SPECIAL REG-
ISTER for details.
D7 Not used at 0 Only write zero to this bit.
this time
CONTROL REGISTER 3
D7 _ D4 D3 D2 D1 Do
CR3 |TXDALT § RECEIVE | TRANSMIT | TRANSMIT | TRANSMIT { TRANSMIT
101 : | ENABLE ATTEN. ATTEN. ATTEN. ATTEN.
BOOST 3 2 1 0
BIT NO. NAME CONDITION DESCRIPTION
D3 D2 D1 DO
D3, D2, Transmit 0 0 0 O - Sets the attenuation level of the transmitted signal
D1,D0 Attenuator 1 1 1 1 in 1dB steps. The default (D3-D0=0100) is for a
transmit level of -10 dBmO at the line with the recom-
mended hybrid transmit gain. The total range is 16 dB.
D4 Receive 0 12 dB receive front end boost is not used.

Gain Boost 1 Boost is in the path. This boost does not change
reference levels. Itis usedto extend dynamic range by
compensating for internally generated noise when
receiving weak signals. The receive leveldetect signal
and knowledge of the hybrid and transmit attenuator
setting will determine when boost should be enabled.

D6, D5 Not used at 0 Only write zeros to these bits.
this time
D7 TXDALT N/A Alternate TX data source. See Special Register.
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SPECIAL REGISTER

BIT NO.

D5

D4

D3 D2 D1

RXUN-
DSCR
DATA

TXD
SOURCE

SIGNAL
QUALITY
LEVEL
SELECT1

SIGNAL
QUALITY
LEVEL
SELECTO

NAME

DESCRIPTION

D7, D4, D0

NOT USED AT THIS TIME. Only write ZEROs to these bits.

Dé

TXBAUD CLK

TXBAUD clock is the transmit baud-synchronous clock that can be used to
synchronize the input of arbitrary quad/di-bit patterns. The rising edge of
TXBAUD signalsthe latching of a baud-worth of data internally. Synchronous
data to be entered via the TXDALT bit, CR3 bit D7, should have data
transitions that start 1/2 bit period delayed from the TXBAUD clock edges.

D5

RXUNDSCR
DATA

This bit outputs the data received before going to the descrambler. This is
useful for sending special unscrambled patterns that can be used for
signaling.

D3

TXD SOURCE

This bit selects the transmit data source; either the TXD pin if ZERO or the
TXDALT ifthisbitis aONE. The TRANSMIT PATTERN bits D7 and D6in CR1
override either of these sources.

D2, D1

SIGNAL
QUALITY
LEVEL
SELECT

The signal quality indicator is a logical ZERO when the sighal received is
acceptable for low error rate reception. It is determined by the value of the
Mean Squared Error (MSE) calculated in the decisioning process when
comparedto agiventhreshold. Thisthreshold canbe setto fourlevels of error
rate. The SQI bit will be low for good or average connections. As the error
rate crosses the threshold setting, the SQI bit will toggle at a 1.66 ms rate.
Toggling will continue until the error rate indicates that the data pump has lost
convergence and a retrain is required. Atthat point the SQI bit will be a ONE
constantly. The SQI bit and threshold selection are valid for QAM and
DPSK only and indicates typical error rate.

THRESHOLD VALUE UNITS

10% BER (default)

10 BER

10+ BER

1 1

103 BER

3 -rev.

NOTE: This register is "mapped" and is accessed by setting CR2 bit D6 to a ONE and addressing CR3. This
register provides functions to the 73K224L user that are not necessary in normal communications.
Bits D7-D4 are read only, while D3-D0 are read/write. To return to normal CR3 access, CR2 bit D6
must be returned to a ZERO.
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ID REGISTER
D7 Dé D5 D4 D3 D2 D1 DO

D 'S > ' Y USER DEFINABLE PERSONALITY
BIT NO. NAME CONDITION DESCRIPTION

D7 D6 D5 D4 Indicates Device:
D7, D8, D5 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L

110 | ldentification | 5 4y x | gg)73Ke21(L) or 73K302L
Signature

1 0 X X SSI 73K222(L)

1 1 00 SSI173K224L

1 1 10 SSI 73K324L
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 7 v
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNITS
VDD Supply voltage 475 5 55 \"
External Components (Refer to Application section for placement.)
VREF Bypass capacitor (VREF to GND) 0.22 uF
Bias setting resistor (Placed between VDD and ISET pins) | 1.8 2 2.2 MQ
ISET Bypass capacitor (ISET pin to GND) 0.22 uF
VDD Bypass capacitor 1 (VDD to GND) 0.22 uF
VDD Bypass capacitor 2 (VDD to GND) 22 uF
XTL1 Load Capacitance Depends on crystal requirements 20 40 pF
XTL2 Load Capacitance Depends on crystal requirements 20 40 pF
Clock Variation {11.0592 MHz) Crystal or external clock { -0.01 +0.01 %
TA, Operating Free-Air -40 55 °C
Temperature
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DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 55°C, VDD =recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
IDD, Supply Current CLK = 11.0592 MHz
ISET Resistor = 2 MQ
IDD1, Active 25 30 mA
1DD2, Idle 3 5 mA
Digital Inputs
VIL, Input Low Voltage 08 \"
VIH, Input High Voltage
All Inputs except Reset 2.0 vDD \
XTL1, XTL2
Reset, XTL1, XTL2 3.0 vDbD \"
IiH, tnput High Current VI =VDD 100 HA
lIL, Input Low Current V=0V -200 pA
Reset Pull-down Current Reset = VDD 2 50 UA
Digital Outputs
VOH, Output High Voltage | 10 = IOH Min 24 vDD \"
I0UT = -0.4 mA
VOL, Output Low Voltage 10=I0UT=16mA 0.4 \
VOL, CLK Qutput IOUT = 3.6 mA 0.6 v
RXD Tri-State Pull-up Curr. | RXD = GND -5 -50 pA
Capacitance
Maximum Capacitive Load
CLK Maximum permitted load 15 pF
Input Capacitance All Digital Inputs 10 pF
Note: An industrial temperature rated part in 32 PLCC, 28 PLCC, 28 PDIP, 52
QFP and 64 TQFP will be available in mid 1992,
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DYNAMIC CHARACTERISTICS AND TIMING

(TA = -40°C to +55°C, VDD = recommended range unless otherwise noted.)

PARAMETERS CONDITIONS | min | nom | max | units
QAM/DPSK Modulator
Carrier Suppression Measured at TXA 35 dB
Output Amplitude TX scrambled marks -115] -10.0 -9 dBmo
ATT=0100 (default)
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -.31 +.20 %
Transmit Level ATT = 0100 (Default) -115] -10.0 -9 dBmo
Transmit Dotting Pattern
Output Distortion All products through BPF -45 dB
Output Bias Distortion Transmit Dotting Pattern -10 +10 %
in ALB @ RXD
Output Jitter Integrated for 5 seconds -10 +10 %
Sum of Bias Distortion and | Integrated for 5 seconds
Output Jitter Bell 103 originate mode -20 +20 %
Answer Tone Generator (2100 or 2225 Hz)
Output Amplitude ATT = 0100 (Default Level) -11.5 -10 -9 dBmo
Not in V.21
Output Distortion All products though BPF -40 dB

NOTE: Parameters expressed in dBmO refer to the following definition:
0 dB loss in the Transmit path to the line.

2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.

DTMF Generator Not in V.21
Freq. Accuracy , -0.03 +0.25 %
Output Amplitude Low Band, ATT = 0100, DPSK Mode -10 -8 dBmQ
Output Amplitude High Band, ATT = 0100, DPSK Mode -8 -6 dBmo
Twist High-Band to Low-Band, DPSK Mode 1.0 2.0 3.0 dB
Receiver Dynamic Range Refer to Performance Curves -43 -3.0 dBmo0
Call Progress Detector In Call Init mode
Detect Level 460 Hz test signal -34 0 dBmo0
Reject Level -50 dBmo
Delay Time -70 dBm0 to -30 dBm0 STEP 25 ms
Hold Time -30 dBmo to -70 dBm0 STEP 25 ms
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN | NOM MAX | UNITS
Carrier Detect
Threshold FSK -51 -40 dBmoO
QAM/DPSK receive data -49 -43 dBmo
Hysteresis All Modes 2
Delay Time DPSK | -70 dBm0 to -6 dBm0 15 20 25 ms
-70 dBmo to -40 dBm0 10 20 25 ms
QAM -70 dBmO to -6 dBm0 25 30 35 ms
-70 dBmO to -40 dBm0 25 33 11 ms
Hold Time DPSK | -6 dBmo0 to -70 dBm0 15 22 28 ms
-40 dBm0 to -70 dBm0 10 15 20 ms
QAM -6 dBm0 to -70 dBm0O 54 60 66 ms
-40 dBmO to -70 dBm0 21 26 31 ms
Answer Tone Detectors DPSK Mode
Detect Level ' -56 -45 dBmo
Detect Time Call Init Mode or 7 40 ms
Hold Time Demod Mode for signals from 10 50 ms
-6 to -40 dBm0, 2100 or 2225 Hz
Pattern Detectors DPSK Mode
S1 Pattern
Delay Time For signals from -6 to -40 dBm0, 5 65 ms
Hold Time -6 10 -40 dBm0, Demod Mode 5 45 ms
Unscrambled Mark
Delay Time ' For signals from -6 to -40 5 45 ms
Hold Time Demod or call Init Mode 5 45 ms
Receive Level Indicator
Detect On -21 dBmo
Valid after Carrier Detect 10 ms
Output Smoothing Filter
Output Impedance TXA pin 200 300 Q
Output load TXA pin; FSK Single 10 KQ
Tone out for THD = -50 dB 50 pF
in .3 to 3.4 kHz range
Maximum Transmitted 4 kHz, Guard Tones off -35 dBm0
Energy 10 kHz, Guard Tones off -55 dBmo0
12 kHz, Guard Tones off -65 dBmo0

1191 - rev. 1-135



SSI 73K224L

V.22bis/V.22/V.21, Bell 212A/103

Single-Chip Modem

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN l NOM MAX | UNITS
Anti Alias Low Pass Filter
Qut of Band Signal Energy | Level at RXA pin with receive
(Defines Hybrid Trans- Boost Enabled
Hybrid loss requirements) | gcrambled data at 2400 bit/s 14 dBm
in opposite band
Sinusoids out of band -9 dBm
Transmit Attenuator
Range of gain Default ATT=0100 (0 dBmO) +4 -11 dB
Step Accuracy -0.25 +0.25 dB
Output Impedance 200 300 Q
Clock Noise
TXA pin; 153.6 kHz | | 15 | mvms
Carrier Offset

Capture Range

Originate or Answer

| &7 | #10 | ®

Recovered Clock

Capture Range % of frequency (originate or -0.02 +0.02 %
answer)

Guard Tone Generator

Tone Accuracy 550 Hz +1.18 %
1800 Hz -0.7

Tone Level 550 Hz -5.0 -3.5 -2.0 dB
(Below QAM/DPSK 1800 Hz -8.0 -6.5 -5.0 dB
Qutput)
Harmonic Distortion 550 Hz -60 dB
(700 to 2900 Hz) 1800 Hz -60 dB

Timing (Refer to Timing Diagrams)

Parallel Mode
TAL CS/Addr. setup before ALE Low 30 ns
TLA CS/Addr. hold after ALE Low 20 ns
TLC ALE Low to RO/WR Low 40 ns
TCL RD/WR Control to ALE High 0 ns
TRD Data out from RD Low 0 160 ns
TLL ALE width 50 ns
TRDF Data float after RD High 0 80 ns
TRW RD width 170 25000 ns
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS | min | nom | max | uniTs
Parallel Mode (Continued)
TWW WR width 140 25000 ns
TDW Data setup before WR High 150 ns
TWD Data hold after WR High 20 ns
Serial Mode
TRCK Clock High after RD Low 250 T1 ns
TAR Address setup before RD Low 0 ns
TRA Address hold after RD Low 350 ns
TRD RD to Data valid 300 ns
TRDF Data float after RD High 70 ns
TCKDR Read Data out after Falling 150 ns
Edge of EXCLK
TWW WR width 350 ns
TAW Address setup before WR Low 0 ns
TWA Address hold after Rising 0 ns
Edge of WR
TCKDW Write Data hold after Falling 200 ns
Edge of EXCLK
TCKW WR High after Falling 330 T1+T2 ns
Edge ot EXCLK
TDCK Data setup before Falling 50 ns
Edge of EXCLK
T, T2 Minimum Period 500 ns

1191 - rev. 1-137



SSI173K224L
V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

TIMING DIAGRAMS

BUS TIMING DIAGRAM (PARALLEL VERSION)
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READ TIMING DIAGRAM (SERIAL VERSION)
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: one for a split+5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

C13
39 pF 18 pF

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serialinterface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/data interface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

In most applications the controller will monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232interface handshake lines are used formodem
control.

+
L 1 c8
RS232 xTL2 xm cl.k XTL1  XTL2 VOO r 224F 9%15
LEVEL o 390 P
CONVERTERS
— 80C51 ST
RTS
0 .
SRTm N ) s 1
- ApF
cc <H °$: P12 w WD ver T
co H>12 P13 wR WR
bCD ALE AU 881 RXA
cF < P1S Pat T35 K-fgwﬁs
P16 P3.2 — POWER 01 uF
’_ P30 P17 RESET i
A | D>1X0 4
BB | <}|-X0
oa | > EXCLK (TxAD
oo RXCLK o
o8 TXCLK o9 pF e
U5, Us RESET TXA 671-8005 . r
MC145406 SV v _]_ cs
i ¢z /4 u.orvr
2 ° 250
T Z8NeR )P
U2
aN3s

: VA1
D1
INGG0s } MOV

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthe transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp at the same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude than data, these

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
to invertthe signalcoming fromthe gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1t
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

T

f ‘ue MIDCOM
1 671-8006 .
M T re
221K oA
' 250!
A13
c6 A7 cs 0.033pF a1
ONWF | 20K1% u2
" 750 pF | »_| (—4 25
R9
o % 5
20K 1% MOV
b2 008 > v250L20
R8 5.1-62V
20K 1% ZENERS
y Ri12
o 22¢

VOLTAGE
REFERENCE

FIGURE 2: Single 5V Hybrid Version
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Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within +0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily onthe
crystal’s characteristics, and to a lesser degree on the
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digitaldesign rules must be usedto control
system noise in order to obtain highest performance in
modem designs. The more digital circuitry present on
the PC board, the more this attention to noise controlis
needed. The modem should be treated as a high
impedance analog device. A 22 uF electrolytic ca-
pacitor in parallel with a 0.22 uF ceramic capacitor be-
tween VDD and GND is recommended. Liberal use of
ground planes and larger traces on power and ground
are also highly favored. The ISET resistor and capacitor
should be mounted near the ISET pin, away from digital
signals. High speed digital circuits tend to generate a
significant amount of EMI (Electro-Magnetic Interfer-
ence) which must be minimized in order to meet regula-
tory agency limitations. To accomplish this, high speed
digital devices should be locally bypassed, and the
telephone line interface and K-Series device should be
located close to each other near the area of the board
where the phone line connection is accessed. To avoid
problems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should not be routed near
low level or high impedance analog traces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K~Series modem IC’s should have both high
frequency and low frequency bypassing as close to the
package as possible.

MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest |I” modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Hayes SmartModem™ 2400 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a modem will exhibit better
BER-performance test curves receiving in the low
band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.

1-141




SSI173K224L
V.22bis/V.22/V.21, Bell 212A/103
Single-Chip Modem

SS173K224L BER vs S/N-DPSK LOW BAND
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SS173K224L BER vs CARRIER OFFSET
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PACKAGE PIN DESIGNATIONS

(TOP VIEW)
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CAUTION: Use handling procedures necessary
for a static sensitive component.
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ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K224L with Parallel Bus Interface

28-Pin Plastic Dual-In-Line 73K224L - CP 73K224L - CP
28-Pin Plastic Leaded Chip Carrier 73K224L - 28CH 73K2241. — 28CH
32-Pin Plastic Leaded Chip Carrier 73K224L - 32CH 73K224L - 32CH
44-Pin Plastic Leaded Chip Carrier 73K224L -~ CH 73K224L - CH
52-Pin Quad Flat Pack Package 73K224L - CG 73K224L - CG

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting fromits use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) §73-6914

Protected by the following patents:
1191 - rev. 1-145  (4,777,453), (4,789,995), (4,870,370), (4,847,868), (4,866,739)
©1989 Silicon Systems, Inc.
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Preliminary Data

November 1991

DESCRIPTION FEATURES

The SSI 73K302L is a highly integrated single-chip  «
modem |C which provides the functions needed to
construct a Bell 202, 212A and 103 compatible
modem. The SSI 73K302L is an enhancement of the

SS1 73K212L single-chip modem with Bell 202 mode
features added. The 73K302L is capable of 1200 or
0-300 bit/s full-duplex operation over dial-up lines. .
4-wire full-duplex capability and a low speed back
channel are also provided in Bell 202 mode. The ,
SSI 73K302L recognizes and generates a 900 Hz soft
carrier turn-off tone, and allows 103 for 300 bit/s FSK
operation. The SSI73K302L integrates analog, digital,
and switched-capacitor array functions on a single
substrate, offering excellent performance and a high
level of functional integration in a single 28 or 22—
pin DIP configuration. The SSI 73K302L operates
from a single +5 volt supply with very low power *
consumption.

The SSI 73K302L includes the DPSK and FSK modu-  *
lator/demodulator functions, call progress and hand-  «
shake tone monitors, test modes, and a tone generator
capable of producing DTMF, answer, and 900 Hz soft .
carrier turn-off tone. This device supports Bell
202, 212A and 103 modes of operation, allowing both

One-chip Bell 212A, 103 and 202S/T standard
compatible modem data pump
Full-duplex operation at 0-300 bit/s (FSK), 1200 bit/

s (DPSK) or 0-1200 bit/s (FSK) forward channel with
or without 0-150 bit/s back channel

Full-duplex 4-wire operation in Bell 202 mode

Pin and software compatible with other
SSI K-Series 1-chip modems

Interfaces directly with standard microprocessors
(8048, 80C51 typical)

Serial (22-pin DIP) or parallel microprocessor bus
(28-pin DIP) for control

Serial port for data transfer

Both synchronous and asynchronous modes of
operation

Call progress, carrier, precise answer tone

(2225 Hz), soft carrler turn-off (SCT), and FSK mark
detectors

DTMF, answer, and SCT tone generators

Test modes available: ALB, DL, RDL, Mark, Space,
Alternating bit patterns

CMOS technology for low power consumption
using 35 mW @ 5V from a single power supply

(Continued)
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DESCRIPTION (Continued)

synchronous and asynchronous communications.
The SSI 73K302L is designedto appearto the systems
designer as a microprocessor peripheral, and will eas-
ily interface with popular one-chip microprocessors
(80C51 typical) for control of modem functions through
its 8-bit multiplexed address/data bus or via an optional
serial command bus. An ALE control line simplifies
address demultiplexing. Data communications occurs
through a separate serial port only.

The SSI 73K302L is ideal foruse in either free standing
or integral system modem products where multi-stan-
dard data communications is desired. Its high function-
ality, low power consumption and efficient packaging
simplify design requirements and increase system
reliability. A complete modem requires only the addi-
tion of the phone line interface, a modem controller,
and RS232 level converter for a typical system.

Tri-mode capability in one-chip allows full-duplex Bell
212 and 103 operation or assymetrical Bell 202S
operation over the 2-wire switched telephone network.
202T mode full-duplex operation at 1200 bit/s is also
possible when operating on 4-wire leased lines.

A soft carrier turn-off feature facilitates fast line turn
around when using the 202S mode for half-duplex
applications.

The SSI 73K302L is part of Silicon Systems K-Series
family of pin and function compatible single-chip
modem products. These devices allow systems to be
configured for higher speeds and Bell or CCITT opera-
tion with only a single component change.

OPERATION

ASYNCHRONOUS MODE

Data transmission for the DPSK mode' requires that
data ultimately be transmitted in a synchronous fash-
ion, The SSI 73K302L includes ASYNC/SYNC and
SYNC/ASYNC converters which delete or insert stop
bits in order to transmit data at a regular rate. In
asynchronous mode the serial data comes from the
TXD pin into the ASYNC/SYNC converter. The
ASYNC/SYNC converter accepts the data provided on
the TXD pin which normally must be 1200 bit/s +1.0%,
2.5%. The rate converter willthen insert or delete stop
bits inorder to output a signal whichis 1200 bit/s +.01%
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(+ .01% is the required synchronous data rate
accuracy).

The SYNC/ASYNC converter also has an extended
overspeed mode which allows selection of an output
overspeed range of either +1% or +2.3%. In the
extended overspeed mode, stop bits are output at 7/8
the normal width.

The serial data stream from the transmit buffer or the
rate converter is passed through the data scrambler
and onto the analog modulator. The data scrambler
can be bypassed under processor control when
unscrambled data must be transmitted. [f serial input
data contains a break signal through one character
(including start and stop bits) the break will be
extended to at least 2 « N + 3 bits long (where N is the
number of transmitted bits/character).

Serial data from the demodulator is passed first
through the data descrambler and then through the
SYNC/ASYNC converter. The ASYNC/ASYNC con-
verterwillreinsert any deleted stop bits and output data
atanintra-character rate (bit-to-bit timing) of no greater
than 1219 bit/s. Anincoming break signal (low through
two characters) will be passed through without incor-
rectly inserting a stop bit.

SYNCHRONOUS MODE

The Bell 212A standard defines synchronous opera-
tion at 1200 bit/s. Operation is similar to that of the
asynchronous mode exceptthat data mustbe synchro-
nized to a provided clock and no variation in data
transfer rate is allowable. Serial input data appearing
at TXD must be valid on the rising edge of TXCLK.

TXCLK is an internally derived signal in internal mode
and is connected internally to the RXCLK pin in slave
mode. Receive data at the RXD pin is clocked out on
the falling edge of RXCLK. The ASYNCH/SYNCH
converter is bypassed when synchronous mode is
selected and datais transmitted out at the same rate as
it is input. :

DPSK MODULATOR/DEMODULATOR

In DPSK mode the SSI 73K302L modulates a serial bit
stream into di-bit pairs that are represented by four
possible phase shifts as prescribed by the Bell 212A
standards. The base-band signal is then filtered to
reduce intersymbol interference on the bandlimited
2-wire telephone line. Transmission occurs using
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either a 1200 Hz (originate mode) or 2400 Hz (answer
mode) carrier. Demodulation is the reverse of the
modulation process, with the incoming analog signal
eventually decoded into di-bits and converted back to
a serial bit stream. The demodulator also recovers the
clock which was encoded into the analog signal during
modulation. Demodulation occurs using either a
1200 Hz carrier (answer mode or ALB originate mode)
or a 2400 Hz carrier (originate mode or ALB answer
mode). The SSI 73K302L uses a phase locked loop
coherent demodulation technique for optimum
receiver performance.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. Bell 103 mode uses 1270
and 1070 Hz (originate, mark and space) or 2225 and
2025 Hz (answer, mark and space). Bell 202 mode
uses 1200 and 2200 Hz for the main channel and 387
and 487 Hz for the back channel. The modulation rate
of the back channel is up to 150 baud. Demodulation
involves detecting the received frequencies and
decoding them into the appropriate binary value. The
rate converter and scrambler/descrambler are auto-
matically bypassed in the 103 or 202 modes.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line and to reduce intersymbol interfer-
ence in the bandlimited receive signal. The transmit
signal filtering approximates a 75% square root of
raised Cosine frequency response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
receiver dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are

1-149

addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect register is read only
and cannot be modified except by modem response to
monitored parameters. The parallelbus interface is not
available in the 22-pin package.

SERIAL COMMAND INTERFACE

The serial command interface allows access to the
SSI 73K302L control and status registers via a serial
command port. In this mode the A0, A1 and A2 lines
provide register addresses for data passed throughthe
data pin under control of the RD and WR lines. A read
operationisinitiated when the RD line istaken low. The
first bit is available after RD is brough low and the next
sevencycles of EXCLK willthentransfer out seven bits
of the selected address location LSB first. Awrite takes
place by shifting in eight bits of data LSB first for eight
consecutive cycles of EXCLK. WR is then pulsed low
and data transfer into the selected register occurs on
the rising edge of WR.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received ana-
log signal to determine status or presence of carrier,
answer tone and weak received signal (long loop
condition), special tones such as FSK marking and the
900 Hz soft carrier turn-off tone are also detected. A
highly frequency selective call progress detector pro-
vides adequate discrimination to accurately detect
lower quality call progress signals.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated when the DTMF mode
is selected using the tone register and the transmit
enable (CRO bit D1) is changed from 0 to 1.

SOFT CARRIER TURN-OFF TONE GENERATOR

The soft carrier turn-off tone generator will output a
900 Hztone. When activated in Bell 202 main channel
transmit mode, the output signal will shift to 900 Hz,
maintaining phase continuity during the transition.
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PIN DESCRIPTION

POWER

NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION

GND 28 1 | System Ground.

VDD 15 11 | Power supply input, 5V £10%. Bypass with .1 and 22 uF
capacitors to GND.

VREF 26 21 (0] An internally generated reference voltage. Bypass with
.1 uF capacitor to GND.

ISET 24 19 | Chip current reference. Setsbias currentforop-amps. The
chip current is set by connecting this pinto VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - I Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADQ-AD7 4-11 - /O Address/data bus. These bidirectional tri-state muilti-
plexed lines carry information to and from the internal
registers.

CcS 20 - ] Chip select. Alow onthis pin during the falling edge of ALE

allows a read cycle or a write cycle to occur. ADO-AD7 will
not be driven and no registers will be written if CS (latched)
is not active. The state of CS is latched on the falling edge
of ALE.

CLK 1 2 (0] Output clock. This pinis selectable under processorcontrol
to be either the crystal frequency (for use as a processor
clock) or 16 x the data rate for use as a baud rate clock in
DPSK mode only. The pin defaults to the crystalfrequency
on reset.

INT 17 13 (o] Interrupt. Thisopendrainoutput signalis usedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. INT will stay low until the
processor reads the detect register or does a full reset.

RD 14 - | Read. A low requests a read of the SSI 73K302L internal
registers. Data cannot be output uniess both RD and the
latched CS are active or low.

RESET 25 20 | Reset. An active high signal on this pin will put the chip into
aninactive state. Allcontrol register bits (CR0, CR1, Tone)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down resistor permits
power on reset using a capacitor to VDD.
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PIN DESCRIPTION (Continued)
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN 22-PiN TYPE DESCRIPTION
WR 13 - | Write. A low on this informs the SSI 73K302L that data is

available on ADO-AD7 for writing into an internal register.
Data is latched on the rising edge of WR. No data is written
unless both WR and the latched CS are active low.

' SERIAL MICROPROCESSOR INTERFACE

AO-A2 - 5-7 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 1o} Serial Control Data. Data for a read/write operation is

clocked in or out on the falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

RD - 10 I Read. A low on this input informs the SSI 73K302L that
data or status information is being read by the processor.
Thefalling edge of the RD signal will initiate aread fromthe
addressed register. The RD signal must continue for eight
talling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

WR - 9 | Write. Alowonthisinputinformsthe SSI73K302L thatdata
or status information has been shifted in throughthe DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pinfor eight consecutive falling edges of EXCLK
andthento pulse WRlow. Data is written on the rising edge
of WR.

Note: In the serial, 22-pin version, the pins AD0-AD7, ALE and£§ are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are used differently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and ADO, AD1 and AD2 become A0, A1 and A2, respectively.
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PIN DESCRIPTION (Continued)

DTE USER INTERFACE

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

EXCLK

19

15

External Clock. This signal is used only in synchronous
DPSK transmission when the external timing option has
been selected. Inthe external timing mode the rising edge
of EXCLK is used to strobe synchronous DPSK transmit
data available on the TXD pin. Also used for serial control
interface.

RXCLK

23

18

Receive Clock. The falling edge of this clock output is
coincident with the transitions in the serial received DPSK
data output. Therising edge of RXCLK canbe usedto latch
the valid output data. RXCLK will be valid as long as a
carrier is present. In Bell 202 mode a clock which is 16 x
1200 or 16 x 150 baud data rate is output.

RXD

22

17

Received Data Output. Serial receive data is available on
this pin. The data is always valid on the rising edge of
RXCLK when in synchronous mode. RXD will output
constant marks if no carrier is detected.

TXCLK

18

14

Transmit Clock. This signal is used only in synchronous
DPSK transmission to latch serial input data on the TXD
pin. Data must be provided so that valid data is available
on the rising edge of the TXCLK. The transmit clock is
derived from different sources depending upon the syn-
chronization mode selection. In Internal Mode the clock is
1200 Hz generated internally. In External Mode TXCLK is
phase locked to the EXCLK pin. In Slave Mode TXCLK is
phase locked to the RXCLK pin. TXCLK is always active.
In Bell 202 mode the output is a 16 x 1200 baud clock or 16
x 150 baud to drive a UART.

TXD

21

16

Transmit Data Input. Serialdata fortransmissionis applied
on this pin. In synchronous modes, the data must be valid
on the rising edge of the TXCLK clock. In asynchronous
modes (1200 or 300 baud) no clockingis necessary. DPSK
must be 1200 bit/s +1%, -2.5% or +2.3%, -2.5 % in
extended overspeed mode.

ANALOG INTERFACE A

ND OSCILLATOR

RXA

27

22

Received modulated analog signal input from the tele-
phone line interface.

TXA

16

12

Transmit analog output to the telephone line interface.

XTL1
XTL2

2
3

3
4

These pins are for the internal crystal oscillator requiring
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. XTL2 can also be driven from an external
clock.
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REGISTER DESCRIPTIONS the interface between the microprocessor and the

SSI 73K302L internal state. DR is a detect register
Four 8-bit internal registers are accessible for control ~ which provides an indication of monitored modem
and status monitoring. The registers are accessed in  Status conditions. TR, the tone control register, con-
read or write operations by addressing the A0 and A1 trolsthe DTMF generator, answer and guardtones and
address lines in serial mode, or the AD0 and AD1 lines ~ RXD output gate used in the modem initial connect
in parallel mode. The ADO and AD1 lines are latched ~ Sequence. All registers are read/write except for DR
by ALE. Register CRO controls the method by which which is read only. Register control and status bits are
data is transferred over the phone line. CR1 controls  identified below:

REGISTER BIT SUMMARY

ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO o7 o5 ' D3 02 01 [
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
REGISTER CRO | 000 opoN MODE MODE MODE MODE ENABLE | ORIGINATE
0 3 2 1 o
CONTROL TRANSMIT | TRANSMIT ENABLE | g BioAse ek TEST TEST
REGISTER CR1| 001 PATTERN PATTERN DETECT connoL RESET MODE MODE
ADD PH. EQ.
1 1 ° INTERRUPT fogs 1 )
DETECT
RECEIVE UNSCR. CARRIER SPECIAL CALL LONG
REGISTER DR} 010 DATA MARKS DETECT TONE PROGRESS LooP
DTMFY/
TONE RXD TRANSMIT | TRANSMIT DTME/ DTMEY
CONTROL TR| on oUTPUT scT ANSWER | ThaToMIT DTMF3 202T OVERSPEED Amé;%ﬁls/
REGISTER CONTROL TONE

CONTROL
REGISTER  CR2 100
2

CONTROL
REGISTER  CR3 101
3

[[+]
REGISTER D 110

NOTE: When a register containing reserved
control bits is written into, the reserved bits
must be programmed as 0's.
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
[ nersten AD2 - ADO ‘o7 | oe [ os [ o« | b3 [ o2 [ o | oo
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ORIGINATE/
REGISTER CRO | 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
° 3 2 1 °
0103 FSK I__ 0000=PWR DOWN J 0xDISABLE IN 212, 103 MODES:
12202 FSK 1100aFSK TXAOUTPUT  0ANSWER
0010=EXT SYNCH 1=ENABLE 1=ORIGINATE
0011SLAVE SYNCH TXA OUTPUT
0100=ASYNCH 8 BITS/CHAR IN 202 MODE:
0101=ASYNCH 9 BITSICHAR 0=RECEIVE @ 1200 BIT/S,
0110=ASYNCH 10 BITS/ICHAR TRANSMIT @ 150 BIT/S
0111=ASYNCH 11 BITS/CHAR 1=RECEIVE @ 150 BIT/S,
1100=FSK BELL 103 OR 202 TRANSMIT @ 1200 BIT/S
CONTROL TRANSMIT | TRANSMIT ENABLE BYPASS cLK TEST TEST
REGISTER CR1 | 001 PATTERN PATTERN DETECT | SCRAMBLER/ | CONTROL RESET MODE MODE
1 1 ) INTERRUPT | ADD PH, EQ. 1 [)
I_ 00=TX DATA _J O=ENABLE  O0sNORMAL  0=XTAL 0=NORMAL I__oo.NonMAL .___J
01aTX ALTERNATE 1=DISABLE ~ 1=BYPASS  1s16XDATA - 1=RESET 01=ANALOG LOOPBACK
10aTX MARK SCRAMBLER  RATE OUTPUT 10-REMOTE DIGITAL
11aTX SPACE 1=ADDEXTRA AT CLKPININ LOOPBACK
PHASEEQ.  DPSK MODE ONLY 11=LOCAL DIGITAL
IN 202 ONLY LOOPBACK
DETECT RECEIVE UNSCR. CARRIER SPECIAL cALL LONG
REGISTER DR| ©10 DATA MARKS DETECT TONE PROGRESS LooP
OUTPUTS L o connmon nor pETECTED ——
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT | TRANSMIT | TRANSMIT OTMFY DTMF1/ DTMFO/
CONTROL TR| o1t OUTPUT scT ANSWER DTMF DTMF3 2027 OVERSPEED | SPECIAL
REGISTER CONTROL TONE TONE FOX TONE
[ I [ 1
ovowaL S MOT IO 4BIT GODE FOR 1 OF 16
7RI ST 1=ON - DUAL TONE COMBINATIONS. 0=1%  0=900 HZ SCT TONE IF
1=TRI STATE 1=25%  IN ANSWER MODE
=2225 HZ ANSWER TONE
0=NORMAL OPERATION IN 103 OR 212 ORIGINATE
1=FULL DUPLEX IN 202 MODE MODES
1=FSK MARK
D
REGISTER 10| 110 D o o 1}
00XXa73K212, 322, 321
01XXa73K221, 302
10XXa73K222
1100~73K224
1110=73K324
1101=73K312
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CONTROL REGISTER 0

D5 D4 D3 D2 D1 DO

TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
MODE 3 MODE 2 MODE 1 MODE 0 | ENABLE ORIGINATE

D7

CRO | MODUL.
000 | OPTION

BIT NO. NAME CONDITION DESCRIPTION

DO Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band or in Bell 202 mode, receive at
1200 bit/s and transmit at 150 bit/s).

1 Selects originate mode (transmit in low band,receive in
highband or in Bell 202 mode, receive at 150 bit/s and
transmit at 1200 bit/s).

Note: This bit works with TR bit D0 to program special
tones detected in Tone Register. See detect and tone
registers.

DA Transmit 0 Disables transmit output at TXA.
Enable Enables transmit output at TXA.

Note: Answer tone and DTMF TX control require TX
enable.

D5 D4 D3 D2

D5, D4,D3, Transmit 000 0 O Selects power down mode. All functions
D2 Mode disabled except digital interface.

0 0 0 1 Internal synchronous mode. In this mode TXCLK is an
internally derived 1200 Hz signal. Serial input data
appearing at TXD must be valid on the rising edge of
TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz + 0.01% clock must
be supplied externally.

0 0 1 1 Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connectedinternally to
the RXCLK pin in this mode.

01 00 Selects DPSK asynchronous mode - 8 bits/character
(1 start bit, 6 data bits, 1 stop bit).

0o 1 0 1 Selects DPSK asynchronous mode - 9 bits/character
(1 start bit, 7 data bits, 1 stop bit).

01 1 0 Selects DPSK asynchronous mode - 10 bits/character
(1 start bit, 8 data bits, 1 stop bit).

01 1 1 Selects DPSK asynchronous mode - 11 bits/character
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits).

11 0 0 Selects 103 or 202 FSK operation.
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CONTROL REGISTER 0 (Continued)

D5 D4 D3 D2 D1 DO
CRO | MODUL. TRANSMIT| TRANSMIT | TRANSMIT | TRANSMIT| TRANSMIT| ANSWER/
000 | OPTION MODE3 | MODE2 MODE 1 MODE 0 ENABLE ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
Dé 0 Not used; must be written as a “0.”
D7 D5 D4 Selects:
D7 Modulation X 0 X DPSK asynchronous mode at 1200 bit/s.
Option 0 1 1 FSK Bell 103 mode.
i1 1 FSK Bell 202 mode.
CONTROL REGISTER 1
D7 D6 D5 D4 D3 D2 D1 Do
TRANSMIT | TRANSMIT | ENABLE | BYPASS CLK TEST TEST
CR1 PATTERN PATTERN | DETECT | SCRAMB/| CONTROL | RESET { MODE | MODE
001 1 0 INTER. ADD 1 0
PH. EQ.
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1, DO Test Mode 0 0 Selects normal operating mode.

0 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiverto
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be forced
low. Not supported in FDX202 mode.

1 0 Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

1 1 Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit carrier from
TXA pin.

D2 Reset 0 Selects normal operation.

1 Resets modem to power down state.  All control
register bits (CR0, CR1, Tone) are reset to zero. The
output of the CLK pin will be set to the crystal
frequency.
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CONTROL REGISTER 1 (Continued)
D7 D6 D5 D4 D3 D2 D1 Do
TRANSMIT | TRANSMIT | ENABLE | BYPASS CLK TEST TEST
CR1 PATTERN PATTERN | DETECT | SCRAMB/ | CONTROL | RESET | MODE | MODE
001 1 0 INTER. ADD 1 0
PH. EQ.
BIT NO. NAME CONDITION DESCRIPTION
D3 CLK Control 0 Selects 11.0592 MHz crystal echo output at CLK
pin.
1 Selects 16 X the data rate, output at CLK pin in DPSK
modes only.
D4* Bypass 0 Selects normal operation. DPSK data is passed
Scrambler/ through scrambler.

Add ?ha;e 1 Selects Scrambler Bypass. DPSK data is routed
Equalization around scrambler in the transmit path. In Bell 202
mode, additional phase equalization is added to the
main channel filters when D4 is set to 1.

D5 Enable Detect 0 Disables interrupt at INT pin.

Interrupt Enables INT output. An interruptwill be generated with
achange in status of DR bits D1-D4. The special tone
and call progress detect interrupts are masked when
the TX enable bitis set. Carrierdetectis masked when
TX DTMF is activated. All interrupts will be disabled if
the device is in power down mode.

D7 D6
D7, D6 Transmit 00 Selects normal data transmission as controlled
Pattern ‘ by the state of the TXD pin.
0 1 Selects an alternating mark/space transmit pattern for
modem testing.

1 0 Selects a constant mark transmit pattern.

11 Selects a constant space transmit pattern.
* D4 should always be set to 1 when receiving 1200 bit/s data and to 0 when transmitting 1200 bit/s data in

202 mode.
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DETECT REGISTER
D5 D4 D3 D2 D1 DO
DR RECEIVE UNSCR. CARR. SPECIAL CALL LONG
010 DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call Progress 0 No call progress tone detected.

Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in
the normal 350 to 620 Hz call progress band.

D2 Special Tone 0 No special tone detected as programmed by
Detect CRO bit DO and Tone Register bit DO.
1 Special tone detected. The detected tone is:
(1) 2225 Hz answer tone if D0 of TR=0 and the device
is in Bell 103 or 212A originate mode.
(2) Soft carrier turn-off tone if DO of TR=0 and the
device is in Bell 202 answer mode.
(3) an FSK mark in the mode the device is set to
receive if DO of TR is set to 1.
) Tolerance on special tones is +3%.
D3 Carrier Detect 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel. )
D4 Unscrambled 0 No unscrambled mark.
I;"?"k 1 (DPSK only) Indicates detection of unscrambled
etect marks in the received data. A valid indication requires
that unscrambled marks be received for > 165.5 +
6.5 ms.
D5 Receive Continuously outputs the received data stream.
Data This data is the same as that output onthe RXD pin, but
it is not disabled when RXD is tri-stated.
D6, D7 Not used.
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TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 2/ | DTMF 1/ DTMF 0/
TR | OUTPUT Ofgglgn ANSWER DTMF | DTMF3| 202 OVER- | SPECIAL
011 | CONTR. | TURN-OFF TONE FDX SPEED | TONE SEL
TONE
BIT NO. NAME CONDITION DESCRIPTION
D5 D4 DO DO interacts with bits D6, D4, and CR0O as shown.
Do DTMF 0/ 0 1 X Transmit DTMF tones.
Special Tone 0 0 O 2225 Hz answer tone will be detected in D2 of DR if
originate mode is selected in CRO.
Detect/Select 900 Hz SCT tone willbe detected in D2 of DR if Bell 202
answer mode is selectedinCRO.
X 0 1 Mark of an FSK mode selected in CRO is to be detected
in D2 of DR. o o
1 0 0 2225 Hz answer tone will be generated when in
answer mode and transmit enable is selected in CRO.
1 0 1 2100 Hz answer tone will be generated when in
answer mode and transmit enable is selected in CRO.
D4 Dt D1 interacts with D4 as shown.
D1 DTMF 1/ 0 0 Asynchronous DPSK 1200 bit/s +1.0% -2.5%.
Overspeed 0 1 Asynchronous DPSK 1200 bit/s +2.3% -2.5%.
D2 DTMF2/202T 0 Enables 202 half-duplex operation if D4=0
FDX 1 Enables 202 fuli-duplex operation if D4=0
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 11 1 1 transmitted when TX DTMF and TX enable bit (CRO, bit
D1) are set. Tone encoding is shown below:
KEYBOARD DTMF CODE TONES
EQUIVALENT | D3 D2 D1 DO | LOW HIGH
1 0 0 0 1 697 1209
2 0 0 1 0 697 1336
3 0 0 1 1 697 1477
4 01 0 O 770 1209
5 0 1 0 1 770 1336
6 0 1 1 0 770 1477
7 01 1 1 852 1209
8 1 0 0 O 852 1336
9 1 0 0 1 852 1477
0 1 0 1 0 941 1336
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TONE REGISTER (Continued)
D6 D5 D4 D3 D2 D1 DO
TRgggy'T TRANSMIT | TRANSMIT DTMF 2/{ DTMF 1/ | DTMF(/
TR | OUTPUT | caRRIER ANSWER DTMF DTMF 3| 202T OVER- SPECIAL
011! CONTR. | TURN-OFF TONE FDX SPEED | TONE SEL
TONE
BIT NO. NAME CONDITION DESCRIPTION
D3, D2, KEYBOARD DTMF CODE TONES
D1, DO EQUIVALENT D3 D2 D1 DO LOW HIGH
(cont.) * 1.0 1 1 941 1209
# 110 0 941 1477
A 1 1 0 1 697 1633
B 1 1 1 0 770 1633
Cc 1t 1 1 1 852 1633
D 0 0 0 0 941 1633
D4 Transmit 0 Disable DTMF.
DTMF 1 Activate DTMF. The selected DTMF tones are
transmitted continuously when this bit is high.
TX DTMF overrides all other transmit functions.
D5 Transmit 0 Disables answer tone generator.
Answer Tone 1 Enables answer tone generator. A 2225 Hz
answer tone will be transmitted continuously when the
transmit enable bit is set. To transmit answertone, the
device must be in answer mode.
Dé Transmit 0 Disables SCT tone generator.
SCT Tone
1 Transmit SCT tone in Bell 202 mode.
D7 RXD Qutput 0 Enables RXD pin. Receive data will be output on
Control RXD.
1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.

Notes for Tone Register use:

1. Todetect SCTtone, 202 answer mode must be selected. To transmit SCT tone, 202 originate mode must
be selected.

2. For answer tone detection, 103 or 212 originate mode must be active. To transmit answer tone, the
73K302 must be in 103 or 212 answer mode.

3. After completion of DTMF dialing, bit D2 should be reset unless 202 full-duplex mode is selected.
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ID REGISTER
D7 De D5 D4

ID ID ID ID ID
110
BIT NO. NAME CONDITION DESCRIPTION

D7 Dé D5 D4 Indicates Device:
D7, D6 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L

Identification 01 X X SS! 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L) or 73K321L

11 0 0 SSI 73K224L

1110 SSI| 73K324L

11 0 1 SSI 73K312L
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 14 \
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 v

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNITS
VDD Supply voltage 45 5 5.5 \'%
TA, Operating Free-Air Temp. -40 +85 °C
Clock Variation (11.0592 MHz) Crystal or external clock | -0.01 +0.01 %
External Components (Refer to Application section for placement.)
VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD and ISET pins) | 1.8 2 2.2 MQ
ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor 1 (External to GND) 0.1 uF
VDD Bypass Capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20
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DC ELECTRICAL CHARACTERISTICS

{TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
1DD, Supply Current ISET Resistor = 2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
1DD1, Power-down CLK = 11.0592 MHz 4 mA
1DD2, Power-down CLK = 19.200 kHz 3 mA
Digital Inputs
ViH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD Vv
All other inputs 2.0 VDD \'J
VIL, Input Low Voltage 0 0.8 Vv
IIH, Input High Current V1 = VIH Max 100 UA
lIL, input Low Current VI = VIL Min -200 pA
Reset Pull-down Current Reset = VDD 1 50 BA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voitage | IOH MIN =-0.4 mA 2.4 vDD \')
VOL, Output Low Voltage 10 MAX =1.6 mA 0.4 \
VOL, CLK Qutput 10=3.6mMA 0.6 Vv
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 pA
CMAX, CLK Output Maximum Capacitive Load 15 pF
Capacitance
Inputs Capacitance, all Digital Input pins 10 pF
XTL1, 2 Load Capacitors Depends on crystal 15 60 pF
CLK Maximum Capacitive Load 15 pF
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DYNAMIC CHARACTERISTICS AND TIMING
(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.)

PARAMETERS CONDITIONS MIN NOM MAX | UNITS
DPSK Modulator
Carrier Suppression Measured at TXA 45 dB
Output Amplitude TX scrambled marks -1 -10 -9 dBm0
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -0.35 +0.35 %
Transmit Level Transmit Dotting Pattern -1 -10 -9 dBmo0
Soft Carrier Turnoff Tone -11.9 | -109 -9.9 dBm0
Harmonic Distortion THD in the alternate band -60 -50 dB
in 700-2900 Hz band DPSK or FSK
Output Bias Distortion Transmit Dotting Pattern +3 %
In ALB @ RXD
Total Output Jitter Random Input in ALB @ RXD -10 +10 %
DTMF Generator Must not be in 202 mode
Freq. Accuracy -0.25 +0.25 %
Output Amplitude, Low group | DPSK mode -10 -9 -8 dBmo0
Output Amplitude, High group | DPSK mode -8 -7 -6 dBm0
Twist High-Band to Low-Band 1.0 2.0 3.0 dB
Long Loop Detect With Sinusoid -38 -28 dBm0
Dynamic Range Refer to Performance Curves 45 dB

Note:
5V Version:

0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.

Parameters expressed in dBmoO refer to the following definition:
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN | NOM MAX | UNITS
Call Progress Detector
Detect Level -3 dB points in 285 and 675 Hz -38 dBm0
Reject Level Test signal is a 460 Hz sinusoid -45 dBmo
Delay Time -70 dBmO to -30 dBm0 STEP 20 40 ms
Hold Time -30 dBmo0 to -70 dBmQ STEP 20 40 ms
Hysteresis 2 dB
Carrier Detect
Threshold DPSK or FSK receive data -49 -42 dBmo
Delay Time
Bell 103 8 20 ms
Bell 212A 15 32 ms
Bell 202 Forward Channel 6 12 ms
Bell 202 Back Channel 25 40 ms
Hold Time
Bell 103 6 20 ms
Bell 212A 10 24 ms
Bell 202 Forward Channel 3 8 ms
Bell 202 Back Channel 10 25 ms
Hysteresis 2 dB
Special Tone Detectors
Detect Level See definitions for -49 -42 dBm0
TR bit DO mode
Delay Time
Answer tone 10 25 ms
900 Hz SCT tone Preceded by valid carrier* 4 10 ms
202 Main Channel Mark 10 25 ms
202 Back Channel Mark 20 65 ms
1270 or 2225 Hz marks 10 25 ms

* If SCT duration >4ms, it is guaranteed to detect.
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN | NOM MAX { UNITS
Special Tone Detectors (Continued)
Hold Time
Answer tone 4 15 ms
900 Hz SCT tone 1 10 ms
202 Main Channel Mark 3 10 ms
202 Back Channel Mark 10 25 ms
1270 or 2225 Hz marks 5 15 ms
Hysteresis 2 dB
Detect Freq. Range Any Special Tone -3 +3 %
Output Smoothing Filter
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB
in 0.3to 3.4 kHz 50 pF
Qut of Band Energy Frequency >12 kHz in all modes -60 dBm0
See Transmit Energy Spectrum
Qutput Impedance TXA pin 20 50 Q
Clock Noise TXA pin; 76.8 kHz or 122.88 kHz 0.1 04 mVrms
in 202 main channel
Carrier VCO
Capture Range Originate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Frequency Change
DPSK Recovered Clock
Capture Range % of data rate -625 +625 ppm
(center at 1200 Hz)
Data Delay Time Analog data in at RXA pin to 30 50 ms
receive data valid at RXD pin
Tone Generator
Tone Accuracy DTMF or FSK tones -5 +5 Hz
Tone Level For DTMF, must not be in 202 mode | -1 +1 dB
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS _ CONDITIONS [ min | nom | max | uniTs

Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE Low 25 ns
TLA CS/Addr. hold after ALE Low 20 ns
TLC ALE Low to RD/WR Low 30 ns
TCL RD/WR Control to ALE High -5 ns
TRD Data out from RD Low 0 140 ns
TLL ALE width 30 ns
TRDF Data float after RD High 0 5 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000 ns
TDW Data setup before WR High 40 ns
TWD Data hold after WR High 10 ns
TCKD Data out after EXCLK Low 200 ns
TCKW WR after EXCLK Low 150 ns
TDCK Data setup before EXCLK Low 150 ns
TAC Address setup before control* 50 ns
TCA Address hold after control* | 50 ns
TWH Data Hold after EXCLK 20

*  Control for setup is the falling edge of RD or WR. .
Control for hold is the falling edge of RD or the rising edge of WR.
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TIMING DIAGRAMS
BUS TIMING DIAGRAM (PARALLEL VERSION)
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: oneforasplitt5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

5 Ct4 C13
39pF

5V

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serial interface 22-pin version can
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

In most applications the controller will monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232 interface handshake lines are used formodem
control.

18 pF
v
11.0592
" Mz
| l l 0

R10
22M .
co L. _ltecs
RS: Xmz X7 CLK XTLt XTL2 VDD ApF T T 224F C1
L W wr ISET
CONVERTERS o1 cio
ATS .
cA H>H tts PLO Po.o7 )| GND
o8 <H oS 251
cc <} = P1.2 LY L) VREF
co (>R pis WR wR
o000 ALE ALE sl RXA
CF P15 P31 Ts K-Is_gcvlis
P16 Pa2 [ WER
P3.0 P1.7 RESET FAILY
BA | > TX0 4
88 RXD
oA D_TLQ(CLK
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o 3‘ TXCLK o
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i ) ki
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4N35

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
at the transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp atthe same amplitude as the signal
appearing at the transformer, making the transmit
sighal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude than data, these

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvert the signal coming from the gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

T
MIDCOM
671-605 .
. Te %
221K §” P
—AW——1 c2
c6 R7 cs 0033 pF " a1
01 20K 1%
S f W i—t T s
a0k o )
| 02 4004 V250020
b
A8 51-62v
20K 1% 2ZENERS
. a2
v 22K

FIGURE 2: Single 5V Hybrid Version

1-169




SS1 73K302L
Bell 212A, 103, 202
Single-Chip Modem

Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
Thevalues of these capacitors depend primarily onthe
crystal's characteristics, and to a lesser degree onthe
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
conirol system noise in order to obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem should be treated
as a high impedance analog device. A 22 pF elec-
trolytic capacitor in parallel with a 0.1 pF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should not be routed near
low level or high impedance analog traces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC’s should have both
high frequency and low frequency bypassing as close
to the package as possible.
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MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I” modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modemto operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
ling parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.
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BIT ERROR RATE
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PACKAGE PIN DESIGNATIONS

(Top View)
ck 1 1 ERIN
Xt [] 2 2] AxA
Axa xiz s =[] vReF
Ao {1 4 = 1) RESET
VREF A0t s [ 1seT
RESET A2 [ 6 2 [] RXCLK
ISET AD3 | 7 22 ] RXD
RXCLK AD4 [] o 2 ] ™0
RXD AD5 ] o 2] 53
TXD ADs (] 10 19 1] EXCLK
EXCLK AD7 [I 1 1 ] TXCLK
TXCLK ALE [} 17 [] WT
NT WR{ = 1] TXA
TXA OO u 15 {1 VDD
12 13 14 15 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
881 73K302L with Parallel Bus interface
28-Pin Plastic Dual-In-Line 73K302L - IP 73K302L - IP
28-Pin Plastic Leaded Chip Carrier 73K302L - H 73K302L - IH
S8 73K302L with Serial Interface
22-pin Plastic Dual-in-Line 73K302SL - IP 73K302SL - IP
Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations

and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current

information.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) §73-6914

Protected by the following Patents (4,691,172) (4,777,453
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SSI 73K312L

Bell 202, 103 and CCITT V.23, V.21

Single-Chip Modem

Advance Information

DESCRIPTION

The SSI 73K312L is a highly integrated single-chip
modem IC which provides the functions needed to
construct a CCITT V.23, V.21, Bell 202, 103 FSK
modem. The 73K312L supports asynchronous 1200
bit/s (600 bit/s at V.23 half speed mode) with or without
75/150 bit/s back channel (75 for V.23 and 150 for Bell
202) and 300 bit/s FSK (V.21 or Bell 103). The
SSI 73K312L can also both detect and generate the
CCITT and Bell answer tones needed for call initiation.
The SSI73K312L integrates analog, digital, and
switched-capacitor array functions on a single sub-
strate, offering excellent performance and a high level of
functional integration in a single 28- or 22-pin DIP or 28
pin PLCC configuration. The SSI 73K312L operates
from a single +5 volt supply with very low power con-
sumption.

The SSi 73K312L includes the FSK modulator/de-
modulator functions, call progress and handshake tone
monitor test modes, and a tone generator capable of
producing DTMF, answer, calling and 900 Hz soft
carrier turn-off tones. The SSI 73K312L is designed to
appear to the systems designer as a microprocessor
peripheral, and will easily interface with popular one-
chip microprocessors (80C51 typical) for control of
modem functions through its 8-bit multiplexed address/
databus orvia anoptional serialcommandbus. AnALE
control line simplifies address demultiplexing. Data
communications occur through a separate serial port
only.

November 1991

FEATURES

Bell 202, 103 and CCITT V.23, V.21 single-chip
modem

Full-duplex operation at 0-300 bit/s (V.21 and Bell
103)

V.23 modes 1, 2, (i.e., 0-600 bit/s and 0-1200 bit/s)
forward channel with or without 0-75 bit/s back
channel )

Bell 202 0-1200 bit/s forward channel with or
without 0-150 bit/s back channel

Full Duplex 4-wire mode operation in V.23 and
Bell 202 modes

Pin and software compatible with other
SSI K-Series 1-chip modems

Interfaces directly with standard microproces-
sors (8048, 80C51 typical)

Serial (22-pin DIP) or parallel microprocessor bus
(28-pin DIP and PLCC) for control

Serial port for data transfer

Call progress, carrier, precise answer tone
(2100 or 2225 Hz), and precise mark detectors
Precise calling tone and soft carrier turnoff
generators/detectors (1300 Hz, 900 Hz)

DTMF generator

Test modes available: ALB, DL, Mark, Space,
Alternating bit patterns

Precise automatic gain control allows 45 dB
dynamic range

CMOS technology for low power consumption
using 30 mW @ 5V from a single power supply

BLOCK DIAGRAM PIN DIAGRAM
DATA DTMF &
e > MODULATOR X g - 7 [ Axa
- o FOR DEMODULATOR [~ TS o xT2 | s 26 {] VREF
Z:D_.i e @ cONTROL ‘—I— ADO [ 4 % [] RESET
ESD——. Logic s::s RECENE O Rxa AD1 E s 2 0] 1sET
AD2 [} o 23 [] RXCLK
R Dt e oniTROL serme | DIALKG AD4 [} s 2 [1 X0
Lose rort > ress: R e A0s [ o il
:gu——-———-n- DATA g AoLe ADs {] 10 19 [] EXCLK
AD7 [} 1 18 [] TXCLK
ALE [] 2 ” P WT
WA [ 16 [] TXA
=Yela]s! RO [ 1s [] vDD
2 434

191
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OPERATION

The SSI 73K312L is ideal for either free standing or
integral system modem applications where multi-
standard data communications is desired. Typical
uses include videotex terminals, low-cost integral
modems and built-in diagnostics for office automation
or industrial control systems. The 73K312L’s high
functionality, low power consumption and efficient
packaging simplify design requirements and increase
system reliability in these applications. A complete
modem requires only the addition of the phone line
interface, a control microprocessor, and RS-232 level
converter for a typical system.

Quad-mode capability in one-chip allows full-duplex
V.21 and Bell 103 operation or asymetrical V.23 and
Bell 202 operation over the 2-wire switched telephone
network. V.23 and 202 mode full-duplex operation at
1200 bit/s is also possible when operating on 4-wire
leased lines.

A soft carrier turn-off feature facilitates fast line turn
around when using the 202 or V.23 modes for half-
duplex applications.

The SSI 73K312L is part of Silicon Systems K-Series
family of pin and function compatible single-chip
modem products. These devices allow systems to be
configured for higher speeds and Beli or CCITT
operation with only a single component change.

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. V.21 mode uses 980 and
1180 Hz (originate, mark and space) or 1650 and
1850 Hz (answer, mark and space). V.23 mode uses
1300 and 2100 Hz for the main channel and 390 and
450 Hz for the back channel. The modulation rate of
the back channelis up to 75 baud. Bell 103 mode uses
1270 and 1070 Hz (originate, mark and space) or 2225
and 2025 Hz (answer, mark and space). Bell 202
mode uses 1200 and 2200 Hz forthe mainchannel and
387 and 487 Hz for the back channel. The modulation
rate of the back channel is up to 150 baud. Demodu-
lation involves detecting the received frequencies and
decoding them into the appropriate binary value.

PASSBAND FILTERS AND EQUALIZERS

A high and low band filter is included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Six 8-bit registers are provided for control, option select
and status monitoring. These registers are addressed
withthe ADO, AD1, and AD2 multiplexed address lines
(latched by ALE) and appear to a control micropro-
cessor as memory locations. Three control registers
and the tone register are read/write memory. The
status detect register is read only and cannot be
modified except by modem  response to monitored
parameters. The parallel bus interface is not available
with the 22-pin package.

SERIAL COMMAND INTERFACE

The serial command mode allows access to the SSI
73K312L control and status registers via a serial com-
mand port. In this mode the A0 , A1 and A2 lines
provide register addresses for data passed throughthe
data pin under control of the RD and WR lines. A read
operationisinitiated whenthe RD line istakenlow. The
next eight cycles of EXCLK will then transfer out eight
bits of the selected address location LSB first. A write
takes place by shifting in eight bits of data LSB first for
eight consecutive cycles of EXCLK. WR is then pulsed
low and data transferred into the selected register
occurs on the rising edge of WR.
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SPECIAL DETECT CIRCUITRY DTMF mode bit previously loaded into the tone
The special detect circuitry monitors the received  egister. Tone generation is initiated when the DTMF
analog signal to determine status or presence of car-  Mode s selected and the transmit enable (CRO bit D1)
rier, answer tone and weak received signal (longloop 1S changed from 0 to 1.
condition), special tones such as FSK marking tones,
calling tones and the 900 Hz soft carrier turn-off tone SOFT CARRIER TURN-OFF TONE GENERATOR
are also detected. A highly frequency selective call  The soft carrier turn-off tone generator will output a
progress detector provides adequate discriminationto 900 Hz tone. When activated in Bell 202 main channel
accurately detect European call progress signals. transmit mode, the output signal will shift to 900 Hz,
maintaining phase continuity during the transition.
DTMF GENERATOR

The DTMF generator will output one of 16 standard
dual-tones determined by a 4-bit binary value and TX

PIN DESCRIPTION

POWER

NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION

GND 28 1 | System Ground.

vDD 15 11 | Power supply input, 5V +10%. Bypass with 0.1 and 22 uF
capacitors to ground.

VREF 26 21 o] An internally generated reference voltage. Bypass with
0.1 uF capacitor to ground.

ISET 24 19 | Chip current reference. Sets bias currentforop-amps. The

chip current is set by connecting this pinto VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
0.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - | Address latch enable. Thefalling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADOQ-AD7 4-11 - e} Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

CS 20 - | Chip select. A low on this pin allows a read cycle or a write

cycle to occur. ADO-AD7 will not be driven and no registers
will be written if CS (latched) is not active. The state of CS
is latched on the falling edge of ALE.

CLK 1 2 (0] Output clock. This pinis selectable underprocessorcontrol
to be either the crystal frequency (for use as a processor
clock) or clock depending on the mode: 19.2 kHz (Bell103),
15.36 kHz (V.21, V.23, Bell 202). The pin defaults to the
crystal frequency on reset.
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PIN DESCRIPTION (Continued)

PARALLEL MICROPROCESSOR INTERFACE (Continued)

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

INT

17

13

]

Interrupt. Thisopendrainoutput signalis usedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. INT will stay low until the
processor reads the detect register or does a full reset.

14

Read. A low requests a read of the SSI 73K312L internal
registers. Data cannot be output unless both RD and the
latched CS are active (low).

RESET

25

20

Reset. An active high signal on this pin will put the chip into
aninactive state. All control register bits (CR0, CR1, CR3)
will be reset except for the D2 bit of CR3 which will be set
to one to allow nominal transmit power. The output of the
CLK pin will be set o the crystal frequency. Aninternal pull
down resistor permits poweronreset usinga 1 uF capacitor
to VDD.

13

Write. A low on this informs the SSI 73K312L that data is
available on ADQ-AD? for writing into an internal register.
Datais latched on the rising edge of WR. No data is written
unless both WR and the latched CS are active (low).

SERIAL MICROPROCESSOR INTE

RFACE

A0-A2

5-7

Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA

1[e]

Serial Control Data. Data for a read/write operation is
clocked in or out onthe falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

10

Read. A low on this input informs the SSI 73K312L that
data or status information is being read by the processor.

" Thefalling edge of the RD signal will initiate a read fromthe

addressed register. The RD signal must continue forseven
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

Write. A low onthis inputinforms the SSI173K312L thatdata
or status information has been shifted in through the DATA
pin and is available for writing to an internal register. The
normal procedure for awrite is to shift indata LSB firston the
DATA pin for eight consecutive falling edges of EXCLK and
thento pulse WR low. Data is written on the rising edge of WR.
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SERIAL MICROPROCESSOR INTERFACE (Continued)

Note: Inthe serial, 22-pin version, the pins AD0-AD7, ALE and CS are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are useddifferently.

The serial control mode is provided in the 28-pin version by floating ALE and CSortying ALE high
and CS low. Inthis configuration AD7 becomes DATA and ADQ, AD1 and AD2 become A0, A1 and
A2, respectively.

The serial mode data and clock signals are compatible with the serial port mode 0 of the 8051.

RS-232 INTERFACE

NAME 28-PIN | 22-PIN | TYPE { DESCRIPTION

EXCLK 19 15 | External Clock. Used for serial control interface to clock
control data in or out of the 73K312L.

RXCLK 23 18 (0] Receive Clock. In V.23 2-wire mode RXCLK equals 16 x

1200 if answering and 16 x 75 if originating. In Bell 202 2-
wire mode RXCLK equals 16 x 1200 if answering and 16 x
150 if originating. In V.21 or Bell 103 mode it equals 16 x
300.

RXD 22 17 e} Received Digital Data Output. Serial receive data is
available on this pin. RXD will output constant marks if no
carrier is detected.

TXCLK 18 14 (0] Transmit Clock. If 1200 bit/s mode is selected, TXCLK
equals 16 x1200 if originating and 16 x 75 (V.23) or 16 x 150
(Bell 202) if answering. In V.21 or Bell 103 mode it equals
16 x 300.

TXD 21 16 | Transmit Digital Data Input. Serial data for transmission is
input on this pin.

ANALOG INTERFACE AND OSCILLATOR

RXA 27 22 I Received modulated analog signal input from the phone
line.

TXA 16 12 (o] Transmit analog output to the phone line.

XTL1 2 3 | These pins are for the internal crystal oscillator requiring a

XTL2 3 4 | 11.0592 MHz parallel mode crystal and two load capacitors

to Ground. XTL1 can also be drivenfrom an external clock.
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0, A1 and
A2 address lines in serial mode, or the AD0O, AD1 and
AD2 lines in parallel mode. The ADO, AD1 and AD2
lines are latched by ALE. Register CRO controls the
method by which data is transferred over the phone
line. CR1 controlsthe interface between the micropro-

REGISTER BIT SUMMARY

cessor and the SSI 73K312L internal state. CR3 con-
trols the attenuation of the transmitted signal and
enables receive gain boost. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trols the DTMF generator, answer and RX output gate
used in the modem initial connect sequence. All
registers are read/write except for DR which is read
only. Register control and status bits are identified
below:

D
REGISTER D 110

ADDRESS DATA BIT NUMBER
REGISTER AD2.- ADO o7 s D4 D3 D2 D1 0o
CONTROL SPEED TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
REGISTER CRO | 000 seteor MODE MODE MODE MODE ENABLE | ORIGINATE
0 3 2 1 3
CONTROL TRANSMIT | TRANSMIT ENABLE CIK TEST TEST
REGISTER CR1 | 001 PATTERN PATTERN DETECT | ADDPH.EG. | convmolL RESET MODE MODE
1 1 0 INTERRUPT 1 3
DETECT RECEIVE CARRIER SPECIAL CALL LONG
REGISTER DR|[ 010 SaTA DETECT TONE PROGRESS LooP
TONE RXD TRANSMIT | TRANSMIT DTMFY
contRoL  TR| on OUTPUT SPECIAL ANSWER TRANSWT DTMF3 V.23 FDX DTMF1 TONDET;‘ET’ECT
REGISTER CONTROL TONE TONE 202 FDX
CONTROL .
REGISTER CR2 | 100
2
CONTROL RECEIVE TRANSMIT
REGISTER CR3 | 101 ENABLE ATTEN.
3 BOOST °

NOTE: When a register containing reserved
control bits is written into, the reserved bits

must be programmed as 0's.
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REGISTER ADDRESS TABLE

ADDRESS DATA BIT NUMBER
L REGISTER AD2 - ADO o7 Ds D4 [ D3 D2 I ] Do
CONTROL SPEED TRAN T Tl L TE/
REGISTER  CRO 000 SELECT MODE MODE MODE MODE ENABLE ANSWER
° 3 2 1 °
0=V.23 or BELL 103 I_ 0000=PWR DOWN l O0=SQUELCH  0=ANSWER
1=V.21 or BELL 202 1000=BELL 103 or 202 ANALOG 1=ORIGINATE
1100=CCITY V.23 or V.21 1=ENABLE 1200/600 BPS MODE:
1110=CCITT V.23 MC HALF SPEED ANALOG 0=RECEIVE @ 1200/600 BPS
TRANSMIT @ 75/150 BPS
1=RECEIVE @ 75/150 BPS
TRANSMIT @ 1200/600 BPS
CONTROL TRANSMIT TRANSMIT ENABLE CLK TEST TEST
REGISTER  CRt 001 PATTERN PATTERN DETECT ADDPH.EQ. | CONTROL RESET MODE MODE
1 1 0 INTERRUPT 1 [)
i_ 00=TX DATA _J INV.230rBELL  0=NORMAL EQ. 0=XTAL 0=NORMAL I_ 00=NOHMAL_I
01=TX ALTERNATE 202 MODE 1=ADD EXTRA  1=19.2kHzor  1=RESET 01=ANALOG LOOPBACK
10=TX MARK 0=OFF PHASEEQ.  15.36 kHz 11=LOCAL DIGITAL
11aTX SPACE 1=ON IN SERIES LOOPBACK
WITH MAIN
CHANNEL
DETECT RECEIVE CARRIER SPECIAL CALL LONG
REGISTER DR o010 DATA DETECT TONE PROGRESS Loop
QUTPUTS N 0=CONDITION NOT DETECTED —
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT TRANSMIT TRANSMIT DTMFY/ DTMFY/
CONTROL R o11 OQUTPUT SPECIAL ANSWER DTMF DTMF3 V.23 FDX DYMF1 TONE
REGISTER CONTROL TONE TONE 202 FDX SELECT
; ]
RXD PIN 0=OFF 0=0FF 0-DATA L 4 BIT CODE FOR 1 OF 16
0=NORMAL  1.TRANSMITS 1=ON 1=TX DTMF DUAL TONE COMB-
1=TRISTATE CALLING TONE IF INATIONS. IF TRANSMIT
ORIGINATING IN CCITT DTMF BIT IS SETDTMF = 1
MODE. TRANSMITS |
SCT TONE IF
ORIGINATING IN 0=NORMAL
BELL MODE. 1=ALLOWS V.23 or BELL 202 FULL
: DUPLEX OPERATION
CONTROL T A TR TRANSMIT TRANSMIT
REGISTER  CR3 101 ENABLE ATTEN. ATTEN. ATTEN. ATTEN.
3 BOOST 3 2 1 )
00XX=73K212 US 212/103 or 73K322 V.23/V.22/V.21 or 73K321 V.23/V.21 0=NO BOOST | I
01XX=73K221 EUROPEAN V.22/V.21 or 73K302, 212A/103/202 1=120B BOOST
10XX=73K222 BELL 212/103 AND V.22/V.21 0000-1111 SETS TRANSMIT
1100=73K224L BELL 212/103 AND V.22 bis/V 22V 21 ATTENUATOR 16 dB RANGE
1101=73K312 FSK ONLY CHIP DEFAULT=0100=-10dBm

D
REGISTER 10 110 [~ o (] (]

00XX=73K212, 322, 321
01XXa73K221, 302
10XX=73K222
1100=73K224
1110=73K324
1101a73K312
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CONTROL REGISTER 0
D7 D4 D3 D2 D1 DO
CRO | SPEED TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
000 | SELECT MODE2 | MODE 1 MODE 0 | ENABLE | ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
DO Answer/ 0 Selects answer mode (transmit in high band, receive in
Originate lowband or at 1200/1600 bit/s mode, receive at 1200/600
bit/s and transmit at 75/150 biv's).

1 Selects originate mode (transmit in low band, receive in
highbandorat 1200/600bit/smode, receive at 75/150 bit'sand
transmit at 1200/600 bit/s). If in V.23/ Bell 202 and D2 of
TR=1, selects full duplex operation in 4-wire configuration.
Note: This bit works with TR bit DO to program special
tones detected in Tone Register. See detect and tone
registers.

D1 Transmit 0 Disables transmit output at TXA.
Enable 1 Enables transmit output at TXA.
Note: Answer tone and DTMF transmit control require
transmit enable.
D5, D4,D3, Transmit D5 D4 D3 D2
D2 Mode 0 0 0 O Selects powerdown mode. All functions disabled except
digital interface.
1 0 0 Selects Bell 103 or 202.
11 0 0 Selects CCITT V.23 or V.21.
1 1 1 Selects CCITT V.23 MC Half Speed.
D6 Unused 0 Not used; must be written as a “0.”
D7 Modulation 0 CCITT V.23 or Bell 103.
Option 1 CCITT V.21 or Bell 202.
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CONTROL REGISTER 1

D7 D6 D5 D4 D3 D2 D1 DO

TRANSMIT | TRANSMIT | ENABLE |ADD PH. EQ. CLK TEST TEST
PATTERN PATTERN | DETECT CONTROL MODE | MODE

CR1 RESET

1191

001

1 0

INTER.

BIT NO.

NAME

CONDITION

DESCRIPTION

D1, DO

Test Mode

D1 DO

0 0

Selects normal operating mode.

0 1

Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be forced low.

Selects local digital loopback. Internally loops TXD back
to RXD and continues to transmit data from TXA pin.

D2

Reset

Selects normal operation.

Resets modem to power down state. All control register
bits (CR0Q, CR1, CR3 except for D2 bit, Tone) are resetto
zero. CR3bit D2is setto one. The output of the clock pin
will be set to the crystal frequency.

D3

CLK Control
(Clock Control)

Selects 11.0592 MHz crystal echo output at CLK pin.

Selects 19.2kHz (Bell103) or 15.36 kHz( V.21, V.23, Bell
202).

D4

Add Ph. Eq.

Selects normal equalization.

In V.23 or Bell 202 mode, additional phase equalization
is added in series with the main channel fiters.

D5

Enable Detect
Interrupt

Disables interrupt at TNT pin. All interrupts are normally
disabled in power down modes.

Enables INT output. An interrupt will be generated with
a change in status of DR bits D1-D3. The special tone
and call progress detect interrupts are masked when the
TX enable bit is set. Carrier detect is masked when TX
DTMF is activated. All interrupts will be disabled if the
device is in power down mode.

D7, D6

Transmit

Pattern

Selects normal data transmission as controlled by the
state of the TXD pin.

Selects an alternating mark/space transmit pattern for
modem testing.

Selects a constant mark transmit pattern.

Selects a constant space transmit pattern.
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DETECT REGISTER
D3 D2 D1 DO
DR CARR. | SPECIAL | CALL | LONG
010 DATA DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call Progress 0 No call progress tone detected.

Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in the
normal 350 to 620 Hz call progress band.

D2 Special Tone 0 No special tone detected as programmed by CRO bit DO

Detect and Tone Register bit DO.

1 The tone is selected by bits in CR0 and TR.
Frequency (Hz) | DO of TR | D4 of CRO| DO of CRO Mode
980 0 1 0 V.21
1650 0 1 1 V.21
390 0 1 1 V.23
1300 0 1 0 v.23
1300 1 1 0 V.210rv.23
2100 1 1 1 V.21
1270 1 0 0 103
2225 1 0 1 103
387 1 0 1 202
1200 1 0 0 202
900 0 0 0 202
2225 0 0 1 103
D3 Carrier Detect 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel.
D4 - - Not used.
D5 Receive - Continuously outputs the received data stream. This data
Data is the same as that output on the RXD pin, but it is not
disabled when RXD is tri-stated.
D6, D7 - - Not used.
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TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 0/
TR | OUTPUT | CALLING ANSWER DTMF DTMF 3| DTMF 2/ | DTMF 1 [TONE SELECT]
011 { CONTR. TONE TONE V.23 FDX
202 FDX
BIT NO. NAME CONDITION DESCRIPTION
Do Tone Select In CCITT mode, the Tone detected in D2 bit of TR is Mari
of FSK selected if this bit is 0.
2100 Hz if this bit is 1 and originating,
1300 Hz if this bit is 1 and answering.
In Bell mode, the Tone detected in D2 bit of TR is
2225 Hz if this bit is 0 and originating
900 Hz (SCT) if this bit is 0 and answering
Mark of FSK selected if this bit is 1.
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, D0 2,1,0 11 1 1 transmitted when TX DTMF and TX enable bit (CRO, bit

D1) is set. Tone encoding is shown below:

KEYBOARD DTMF CODE TONES
EQUIVALENT D3 D2 D1 DO LOW HIGH
1 0 0 0 1 697 1209
2 00 1 0 697 1336
3 0 0 1 1 697 1477
4 01 0 0 770 1209
5 01 0 1 770 1336
6 o1 1 0 770 1477
7 o1 1 1 852 1209
8 1 0 0 O 852 1336
9 1 0 0 1 852 1477
0 1t 01 0 941 1336
* 10 1 1 941 1209
# 11 0 0 941 1477
A 11 0 1 697 1633
B 11 1 0 770 1633
C 11 1 1 852 1633
D 0 0 0 O 941 1633
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TONE REGISTER (Continued)
BIT NO. NAME CONDITION DESCRIPTION
D2 V323/ 0 Normal Operation
Bell 202 1 Enables V.23 or Bell 202 full-duplex operation if D4=0.
FDX A 4-wire configuration is required in this mode.
D4 TX DTMF 0 Disabled DTMF.
T it 1 Activates DTMF. The selected DTMF tones are trans-
g{‘;’;‘.‘ mitted continuously when this bit is high. TX DTMF
overrides all other transmit functions.
D5 TX ANS 0 Disables answer tone generator.
(Transmit 1 Enables answer tone generator. A2100 Hz or 2225 Hz
Answer tone) answer tone will be transmitted continuously when the
transmit enable bitis set. If TR: D0 =0, a 2225 Hz tone
will be generated. If TR: DO = 1, a 2100 Hz tone will be
generated. The device must be in answer mode.
D6 TX Calling Tone/ 0 Disables calling or SCT tone generator.
. 1 Transmit calling tone if originating in CCITT mode.
S_(r‘,T (Soft Carrier Transmit SCT tone if originating in Bell mode. Transmits
urn-Off)Tone . y .
neither if answering.
D7 RXD Output 0 Enables RXD pin. Receive data will be output on RXD.
Control 1 Disables RXD pin. The RXD pin reverts to a high im-
pedance with internal weak pull-up resistor.
CONTROL REGISTER 3
D4 D3 D2 D1 DO
CR3 RECEIVE | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT
101 ENABLE ATTEN. ATTEN. ATTEN. ATTEN.
BOOST 3 2 1 0
BIT NO. B NAME CONDITION DESCRIPTION
D3 D2 D1 DO
D3, D2 Transmit 0 0 0 O Sets the attenuation level of the transmitted signal in
D1, DO Attenuator 11 1 1 1 dB steps. The default (D3-D0 = 0100) is for a transmit
level of -10 dBmO at the line with the recommended
hybrid transmit gain. The total range is 16 dB.
D4 Receive 0 12 dB receive front end boost is not used.

Gain Boost 1 Boost is in the path. This boost does not change
reference levels. It is used to extend dynamic range by
compensating for internally generated noise when
receivingweak signals. The receive level detect signal
and knowledge of the hybrid and transmit attenuator
setting will determine when boost should be enabled.
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ID REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
1D ID ID ID ID
110 3 2 1 0
BIT NO. NAME CONDITION DESCRIPTION
D7, D6 Device D7 Dé D5 D4 Indicates Device:

Identification 0 0 X X SSI 73K212(L) or 73K322L or 73K321

Signature 0 1 X X SSI 73K221(L) or 73K302L
1 0 X X SSI 73K222(L)
11 0 0 SS| 73K224L
11 0 1 SSI 73K312L
11 1 0 SSI 73K324L

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

Operation above absolute maximum ratings may permanently damage the device.

PARAMETER RATING UNIT
VDD Supply Voltage 7 \'J
Storage Temperature -65 10 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \"

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN | NOM MAX [ UNITS
VDD Supply voltage 4.5 5.5 \'
Digital Pins
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \
All other inputs 2.0 VDD Vv
VIL, Input Low Voltage 0 0.8 \')
IOH, Output High Current -0.4 mA
I0L, Output Low Current 1.6 mA
TA, Operating Free-Air -40 +85 °C
Temperature
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RECOMMENDED OPERATING CONDITIONS (Continued)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
External Components*
VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD 19 2.1 MQ
and ISET pins)
ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor (External to GND) 0.1 uF
*Refer to Application section for placement.
DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)
PARAMETER CONDITIONS MIN | NOM MAX | UNITS
IDD, Supply Current CLK = 11.0592 MHz
IDDA, Active ISET Resistor = 2 MQ 10 mA
IDD1, Power-down CLK = 11.0592 MHz, ISET = GND 3 mA
IDD2, Power-down CLK = 19.200 KHz, ISET = GND 2 mA
Digital Inputs
liH, Input High Current VI = VIH Max 100 UA
HL, Input Low Current Vi = VIL Min -200 HA
Reset Pull-down Current Reset = VDD 1 50 PA
Digital Outputs
VOH, Output High Voltage | 10 =-0.4 mA 2.4 VDD \'/
VOL, Output Low Voltage 10=1.6mMA 0.4 Vv
Capacitance
Inputs Capitance, all Digital Input pins 10 pF
XTL1 Load Capacitor Depends on crystal 39 pF
XTL2 Load Capacitor Depends on crystal 15 pF
CLK Maximum Capacitive Load 15 pF

DYNAMIC CHARACTERISTICS AND TIMING

(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.)

NOTE: The following parameters expressed in dBm0 refer to the following definition:

0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN NOM MAX | UNITS
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -0.38 +0.38 %
Transmit Level Transmit Dotting Pattern -11 -9 dBmo0
Harmonic Distortion THD in the alternate band FSK -60 -50 dB
in 700-2900 Hz band
Output Bias Distortion Transmit Dotting Pattern in ALB @ RXD +5 %
Total Output Jitter Random Input in ALB @ RXD -15 +15 %
DTMF Generator TR bit D4=1
Freq. Accuracy -0.25 +0.25 %
Cutput Amplitude Low Band -10 -8 dBmo
High Band -8 -6 dBmo0
Twist High-Band to Low-Band, as above | 1.0 2.0 3.0 dB
Long Loop Detect Not valid for Bell 202 V.23 back channel | -38 -28 dBmo
Dynamic Range 45 dB
Call Progress Detector Test signal is a 460 Hz sinusoid
Detect Level -39 0 dBm0
Reject Level -45 dBm0
Delay Time 35 ms
Hold Time 35 ms
Hysteresis 2 dB
Carrier Detect For a sinusoid at freq. = (Mark + Space)/2
Threshold -48 -43 dBmo
Delay Time
V.21 10 15 20 ms
103 8 15 20 ms
V.23 Main Channel RCV 6 10 12 ms
202 Main Channel RCV 6 8 12 ms
202, V.23 Back Channel 25 30 40 ms
Hold Time
V.21 6 10 20 ms
103 6 12 20 ms
202, V.23 Main Channel 3 6 8 ms
202, V.23 Back Channel 10 15 25 ms
Hysteresis ' 2 dB
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS

| conpiTioNs

| min | Nom | max | units

Special Tone Detectors

Detect Level See definitions for -49 -42 dBm0
TR bit DO mode

Delay Time -70 dBm0 to -30 dBmO step
2100 Hz V.21 CCITT 10 25 ms
Answer Tone
1300 Hz V.23 Mark 10 25 ms
390 Hz 20 65 ms
V.23 Back Channel Mark
980 or 1650 Hz V.21 Marks 10 25 ms
2225 Hz Bell Answer Tone 10 35 ms
900 Hz SCT tone Assumes that SCT follows data in 4 10 ms

a phase continuous manner

1200 Hz Bell 202 10 25 ms
Main Channel Mark
387 Hz Bell 202 20 65 ms
Back Channel Mark
1270 or 2225 Hz 10 30 ms
Bell 103 Marks

Hold Time -30 dBmQ to -70 dBmO step
2100 Hz V.21 CCITT 4 15 ms
Answer Tone
1300 Hz V.23 Mark 3 10 ms
390 Hz 10 25 ms
V.23 Back Channel Mark
980 or 1650 Hz 5 15 ms
V.21 Marks
2225 Hz Bell 4 15 ms
Answer Tone
900 Hz SCT tone 1 10 ms
1200 Hz Bell 202 3 10 ms
Main Channel Mark
387 Hz Bell 202 10 25 ms
Back Channel Mark
1270 or 2225 Hz 4 15 ms
Bell 103 Marks

Hysteresis 2 dB

Detect Freq. Range Any Special Tone -3 +3 %
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS

CONDITIONS

[ miv | nom | max [uwits

Output Smoothing Filter

Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB
in .3t0 3.4 kHz
Out of Band Energy Frequency >12 kHz in all modes -60 dBmQ
Output Impedance TXA pin 200 300 Q
Clock Noise TXA pin: 0.2 0.4 mvVrms
V.21 @ 61.44 kHz
103 @ 76.8 kHz
V.23 or 202 MC @ 122.88 kHz
V.23 or 202B @ 15.36 kHz
Timing (Refer to Timing Diagrams)
Parallel Mode
TAL CS/Addr. setup before ALE 25 ns
TLA CS/Addr. hold after latch 20 ns
TLC Latch to RD/WR control 30 ns
TCL RD/WR Control to latch -5 ns
TRD Data out from RD 0 140 ns
TLL ALE width 30 ns
TRDF Data float after READ 0 5 ns
TRW READ width 200 25000 ns
TWW WRITE width 140 25000 ns
TDW Data setup before WRITE 40 ns
TWD Data hold after WRITE 10 ns
Serial Mode
TCKDR Data out after CLK 300 ns
TCKW WRITE after CLK 200 ns
TDCK Data setup before CLK 150 ns
TAW Address setup before control’ 50 ns
TWA Address hold after control® 50 ns
TWW Write width 200 ns
TCKDW Data hold after write 250 ns
TAR Address setup before control? 0 ns
TRA Address hold after control® 400 ns
TRD Data out from RD 350 ns
TRDF Data float after READ 0 100 ns

*Control for setup is the falling edge of WR.
Control for hold is the falling edge of WR.

2Control for setup is the falling edge of RD or EXCLK.
Control for hold is the falling edge of RD or EXCLK.
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TIMING DIAGRAMS

BUS TIMING DIAGRAM (PARALLEL VERSION)
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: oneforasplitt5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

50‘4 c13
39pF 18 pF
v oV
nosez| |
MHZ
NC D
Rs2sz Xz Xt ClK XTL1  XTi2 VDD
LEVEL
CONVERTERS WY hLug ISET
plild 80Cs1
oA H>- AT P10 P0.0-7 GND
o S A —]
cc ﬁ ":: P12 i w VREF
€D > D P13 WR{— WH
. ALE [ ALE ssi_ RXA
| I K-SERIES
oF =< P15 P3.4 5 Yo
Pi6 P32 fmy POWER
l> P30 P1.7 RESET FAMILY
BA | [>1X0 4
RXD
88 | <}
oA | [ EXCIK
RXCLK
00 | <Hveix
o8 | <k
. ve RESET
MC145406 .
c12
T 14F

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serialinterface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available.
The parallel versions may also be used in the serial
mode, as explained in the data sheet pin description.

Inmost applications the controller wili monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, command data to the modem is sent over the
same line as the transmitted data. In other applications
the RS-232 interface handshake lines are used for
modem control.

u2
4N35

14

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The DAAs shown are two examples of how the “hybrid”
may be implemented. The split supply design
(Figure 1) is a typical two op-amp hybrid. The receive
op-amp serves two purposes. It supplies gain to
amplify the receive signal to the proper level for the
modem'’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthe transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp atthe same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply DAA is more complex thanthe dual-
supply version described above, but its use eliminates
the need for a second power supply. The DAA (Fig-
ure 2) uses a bridged drive to allow undistorted signals
to be sent with a single 5 volt supply. Because DTMF
tones utilize a higher amplitude than data, these sig-
nals will clip if a single-ended drive approach is used.
The bridged driver uses an extra op-amp (U1A) to

(=
390 pF

P4
374KQ 1%

invert the signal coming from the gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (op-
amp C) picks off its signal at the junction of the
impedance matching resistor and the transformer.
Because the bottom leg of the transformer is being
driveninone direction by U1A and the resistor is driven
in the opposite direction at the same time by U1B, the
summing point of the transformer and resistor remains
relatively constant andthe receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products include all
basic modem functions on a single IC, accessible from
a standard bus interface. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.
Unlike digital logic circuitry, however, modem designs
must properly contend with precise frequency toler-
ances and very low level analog signals, to insure
acceptable performance. Using good analog circuit

* Note: Op-amp U1
must be rated for

0.1 pF
single 5V operation.
R10 & R11 values
depend on Op-amp
used.
45V
4 475?1%
+ 7
- Tt
= T
2 3 |§ Lge -
— VW c2
ofer 001 7&%; om?fd v2 o
@—WTWHI—— B ot |
VR1
RAN M
R12
22K

VOLTAGE
REFERENCE

FIGURE 2: Single 5V DAA Version
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designpractices will generally result in a sound design.
Following are additional recommendations which
should be taken into consideration when starting new
designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily on the
crystal's characteristics, and to a lesser degree onthe
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
controlsystem noise in orderto obtain highest perform-
ance in modem designs. The more digital circuitry

present on the PC board, the more this attention to
noise control is needed. The modem shouldbe treated
as a high impedance analog device. A 10 uF elec-
trolytic capacitor in parallel with a 0.1 uF ceramic ca-
pacitor between VDD and ground is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the DAA and K-Series
device should be located close to each other near the
area of the board where the phone line connection is
accessed. To avoid problems, power supply and
ground traces should be routed separately to the
analog and digital functions on the board, and digital
signals should not be routed near low level or high
impedance analog traces. The analog and digital
grounds should only connect at one point near the
analog supplies to avoid ground loops. The K—Series
modem IC’s should have both high frequency and low
frequency bypassing as near to the package as possible.

PACKAGE PIN DESIGNATIONS o - =) oo
(TOP VIEW) o B 7 R
xte [ s % [ VREF
GND 0
Rxa ADO [} 4 =[] RESET
CLK 21 ] vREF AD1 (]
s o . 5 2 {] ISET
RESE vz [ 6 2 [] AXCLK
XTL2 9 (] sET am3 [ 7 2 [] RXD
A0 1] RxcLK AD4 [] & 2 ] TxD
Al RXD ADs [} o 2 o8
A2 TXD ADs {| 10 19 [] EXCLK
DATA EXCLK AD7 | 1 18 [] TxCLK
WR TXCLK AE [ 12 7 ] T
) NT WR ] n 16 [] TXA
VoD TXA PO (] w s JI vop 1213 14 156 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for
final design.

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resuiting fromits use. No license is granted under any patents, patentrights or rademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914

1191 1-195 Protected by the following patents: (4,691,172) (4,777,453)
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DESCRIPTION FEATURES
The SSI 73K321L is a highly integrated single-chip * ©One-chip CCITT V.23 and V.21 standard
modem IC which provides the functions needed to compatible modem data pump
construct a CCITT V.23 and V.21 ccmpatible modem,  «  Full-duplex operation at 0-300 bit/s (V.21) or
capable of 0-300 bit/s full-duplex or 0-1200 bit/s half- 0-1200 bit/s (V.23) forward channel with or
duplex operation over dial-up telephone lines. The without 0-75 bits/s back channel

73K321L provides 1200 bit/s operation in V.23 mode y
and300bit/sinV.21 mode. The SSI 73K321Lalsocan Uit Duplex 0-1200 bi's (V.23) In 4-wire mode
both detect and generate the 2100 Hz answer tone  * Pin and software compatible with other

needed for call initiation. The SSI 73K321L integrates S8 K-Series 1-chip modems
analog, digital, and switched-capacitor array functions * Interfaces directly with standard micropro-
on a single substrate,offering excellent performance cessors (8048, 80C51 typical)

and a high level of functional integration in a single 28- .
or 22-pin DIP configuration. The SS! 73K321L oper-
ates from a single +5 volt supply with very low power

Serlal (22-pin DIP) or parallel microprocessor
bus (28-pin DIP) for control

consumption. * Serial port for data transfer

e Call progress, carrier, precise answer tone
The SSI 73K321L includes the FSK modulator/de- (2100 Hz), calling tone (1300 Hz) and FS mark
modulator functions, call progress and handshake detectors

tone monitortestmodes, and atone generatorcapable  « pTMF generator

of producing DTMF, answer, calling tones. The

SSI 73K321L is designed to appear to the systems * - Test modes av§llable: ALB, DL, RDL, Mark,
designer as a microprocessor peripheral, and will eas- Space, Alternating bit patterns

ily interface with popular one-chip microprocessors * Precise automatic gain control aliows 45 dB
(80C51 typical) for control of modem functions through dynamic range

its 8-bit multiplexed address/databusorviaanoptional  «  gpace efficient 28-pin PLCC package

serial control bus. An ALE control line simplifies

address demultiplexing. Data communications occurs *  CMOStechnology for low power consumption

using 30 mW @ 5V from a single power supply

through a separate serial port only. (Continued)
DATA
ADo-AD7 { o @ 8BIT CTONE. ok 2 [] GND
| BUs > Fsk o X1t [} 2 27 ] BxA
MODULATOR/
o FOR DEMODULATOR TRANSMIT xm2 [ s % [ VREF
WD | e @ CONTROL FILTER 0 T™A  ADO ] 4 2 [] RESET
ALE Do
SO | lo6e AND RECEIVE ama D 0s 2 1] |SET
RESETD> »> STATUS AD2 [| 6 2 {] RXCLK
I * AD3 | 7 22 [] RXD
STATUS
SMART AD4 ] o 21
N g __AND DIALING 1 ™0
CONTROL seraL | | s ADS {] o 2 [] €5
Loeic PORT peTECT |
™o N e FUNCTIONS ™ AD6 [} 10 19 [] EXCLK
RXo ¥ AD7 [| 1 18 [] TXCLK
ALE [] 12 17 ] WNT
[power | WR O s 16 [] TXA
O RO [ n 15 [] VDD

CAUTION: Use handling procedures necessary
1-197 for a static sensitive component.
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DESCRIPTION (Continued)

The SSI 73K321L is ideal for either free standing or
integral system modem applications where multi-stan-
dard data communications over the 2-wire switched
telephone network is desired. Typical uses include
videotex terminals, low-cost integral modems and
built-in diagnostics for office automation or industrial
control systems. The 73K321L’s high functionality, iow
power consumption and efficient packaging simplify
design requirements and increase system reliability in
these applications. A complete modem requires only
the addition of the phone line interface, a control
microprocessor, and RS-232 level converter for a
typical system. The SSI 73K321L is part of Silicon
Systems K-Series family of pin and function compat-
ible single-chip modem products. These devices allow
systems to be configured for higher speeds and Belior
CCITT operationwith only a single component change.

OPERATION

FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. V.21 mode uses 980 and
1180 Hz (originate, mark and space) or 1650 and
1850 Hz (answer, mark and space). V.23 mode uses
1300 and 2100 Hz for the main channel and 390 and
450 Hz for the back channel. The modulation rate of
the back channel is up to 75 baud. Demodulation
involves detecting the received frequencies and
decoding them into the appropriate binary value.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line and to reduce intersymbol interfer-
ence in the bandlimited receive signal.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to

1-198

within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a total
receiver dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are
addressed with the AD0O, AD1, and AD2 multiplexed
address fines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect register is read only
and cannot be modified except by modem response to
monitored parameters. The parallel bus interface is not
available with the 22-pin package.

SERIAL COMMAND INTERFACE

The serial command mode allows access to the SSI
73K321L control and status registers via a serial
command port. In this mode the A0, A1 and A2 lines
provide register addresses for datapassed throughthe
data pin under control of the RD and WR lines. A read
operationisinitiated whenthe RD line is takenlow. The
first bit is available after RD is brought low and the next
seven cycles of EXCLK will thentransfer out seven bits
ofthe selected address location LSBfirst. Awrite takes
place by shifting in eight bits of data LSB first for eight
consecutive cycles of EXCLK. WR is then pulsed low
and data transferred into the selected register occurs
on the rising edge of WR.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received
analog signal to determine status or presence of car-
rier, answer tone and weak received signal (long loop
condition), special tones such as FSK marking and the
1300 Hz calling tone are also detected. A highly
frequency selective call progress detector provides
adequate discrimination to accurately detect Euro-
pean call progress signals.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone-pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Dialing is initiated when the DTMF mode is
selected using the tone register and the transmit
enable (CRO bit D1) is changed from 0 to 1.
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PIN DESCRIPTION
POWER
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
GND 28 1 | System Ground.
VDD 15 11 | Power supply input, 5V +10%. Bypass with 0.1 and 22 uF
capacitors to GND.
VREF 26 21 o An internally generated reference voltage. Bypass with
0.1 uF capacitor to GND.
ISET 24 19 | Chipcurrent reference. Sets bias currentforop-amps. The

chip current is set by connecting this pinto VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
0.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - 1 Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADO-AD7 4-11 - 110 Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

CS 20 - | Chip select. A low during the falling edge of ALE on this pin

allows a read cycle or a write cycle to occur. AD0O-AD7 will
not be driven and no registers will be writien if CS (latched)
is not active. The state of CS is latched on the falling edge
of ALE.

CLK 1 2 (0] Output clock. This pin is the output of the crystal oscillator
frequency only in the SSI 73K321.

17 13 0] Interrupt. Thisopendrainoutput signalisusedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. INT will stay low until the
processor reads the detect register or does a full reset.

RD 14 - I Read. A low requests a read of the SSI 73K321L internal
registers. Data cannot be output unless both RD and the
latched TS are active or low.

RESET 25 20 | Reset. Anactive high signal high on this pin will put the chip
into an inactive state. All control register bits (CR0, CR1,
Tone) will be reset. The output of the CLK pin will be set to
the crystalfrequency. Aninternalpulldownresistor permits
power on reset using a capacitor to VDD.

S
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PIN DESCRIPTION (Continued)

PARALLEL MICROPROCESSOR INTERFACE (Continued)

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

WR

13

Write. A low on this informs the SSI 73K321L that data is
available on AD0-AD?7 for writing into an internal register.
Datais latched on the rising edge of V WR. No data s written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

A0-A2

5-7

Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA

/1O

Serial Control Data. Data for a read/write operation is
clocked in or out on the falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

10

Read. A low on this input informs the SSI 73K321L that
data or status information is being read by the processor.
The falling edge of the RD signal will initiate a read from the
addressed register. The RD signal must continue for eight
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

Write. Alow onthisinput informs the SSI173K321L thatdata
or status information has been shifted in through the DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pin for eight consecutive falling edges of EXCLK
andthento pulse WRilow. Data is written on the rising edge
of WR.

Note:

In the serial, 22-pin version, the pins AD0-AD7, ALE and_q_g are Lelnoved and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are used differently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and AD0, AD1 and AD2 become A0, A1 and A2, respectively.

1-200
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DTE USER INTERFACE
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
EXCLK 19 15 | External Clock. Used for serial control interface to clock
control data in or out of the 73K321L.
RXCLK 23 18 (0] Receive Clock. Aclockwhichis 16x1200,0r16x75inV.23
mode, or 16 x 300 baud data rate is output in V.21.
RXD 22 17 (0] Received Digital Data Qutput. Serial receive data is

available on this pin. The data is always valid on the rising
edge of RXCLK when in synchronous mode. RXD will
output constant marks if no carrier is detected.

TXCLK 18 14 o Transmit Clock. TXCLK is always active. In V.23 mode the
output is either a 16 x 1200 baud clock or 16 x 75 baud, in
V.21 mode the clock is 16 x 300 baud.

TXD 21 16 | Transmit Digital Data Input. Serial data fortransmission is
input on this pin. In asynchronous modes (1200 or 300
baud) no clocking is necessary.

ANALOG INTERFACE AND OSCILLATOR

RXA 27 22 | Received modulated analog signal input from the phone
line.

TXA 16 12 (o] Transmit analog output to the phone line.

XTLA 2 3 | These pins are for the internal crystal oscillator

XTL2 3 4 | requiring a 11.0592 MHz parallel mode crystal and two load
capacitors to Ground. XTL2 can also be driven from an
external clock.
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0 and A1
address lines in serial mode, or the AD0O and AD1 lines
in parallel mode. The ADO and AD1 lines are latched
by ALE. Register CRO controls the method by which
data is transferred over the phone line. CR1 controls

REGISTER BIT SUMMARY

the interface between the microprocessor and the
SS173K321L internal state. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trolsthe DTMF generator, answer and guardtones and
RXD output gate used in the modem initial connect
sequence. All registers are read/write except for DR
which is read only. Register control and status bits are
identified below:

ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO D7 D5 D4 D3 D2 D1 Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ORIGINATE
0 3 2 1 [}
CONTROL TRANSMIT TRANSMIT ENABLE ADD PH. EQ. CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT v.23) CONTROL RESET MODE MODE
1 1 0 INTERRUPT ) 1 0
DETECT RECEIVE CARRIER SPECIAL CALL LONG
REGISTER DR 010 DATA DETECT TONE PROGRESS LooP
TONE RXD TRANSMIT TRANSMIT DTMF/
CONTROL  TR| on1 ouTPUT CALLING ANSWER TRANSHIT DTMF3 o2 DTMF1  |ANSWERSPEC.
REGISTER CONTROL TONE TONE - TONE SELECT
CONTROL
REGISTER  CR2 100 THESE REGISTER LOCATIONS ARE RESERVED FOR
2
CONTROL
REGISTER  CR3 101 USE WITH OTHER K-SERIES FAMILY MEMBERS
3
D
REGISTER D 110
NOTE: When a register containing reserved

control bits is written into, the reserved bits
must be programmed as 0's.

1-202
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
l REGISTER AD2 - ADO o7 | Dé [ L D4 l D3 I D2 l o1 Do
CONTROL MODULATION TR i T ORIGINATE/
REGISTER CRO | 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
) 3 2 1 )
0=V 23 FSK |_ 0000=PWR DOWN | 0=DISABLE  O=ANSWER
1=V.21 FSK 1100=FSK TXAOUTPUT  1=ORIGINATE
0001=TRANSMIT DTMF 1=ENABLE INV.23 MODE :
TXAOUTPUT  0=RECEIVE @ 1200 BIT/S,
TRANSMIT @ 75 BIT/S
1=RECEIVE @ 75 BIT/S,
TRANSMIT @ 1200 BIT/S
CONTROL TRANSMIT | TRANSMIT ENABLE CLK TEST TEST
REGISTER CR1 | 001 PATTERN PATTERN DETECT ADDPH.EQ. [ coNTROL RESET MODE MODE
1 1 0 INTERRUPT 1 0
L 00=TX DATA _J 0=DISABLED ~ 0sNORMAL EQ. 0=XTAL 0xNORMAL L OO-NORMAL___I
01aTX ALTERNATE 1=ENABLED  1=ADDEXTRA 1= NOT 1=RESET 01=ANALOG LOOPBACK
10=TX MARK PHASEEQ.  SUPPORTEDIN 10=REMOTE DIGITAL
11=TX SPACE INV.23 THIS DEVICE LOOPBACK
11=LOCAL DIGITAL
LOOPBACK
DETECT CARRIER SPECIAL CALL LONG
REGISTER DR 010 DETECT TONE PROGRESS LooP
OUTPUTS L o connmonnoroerecter ——J
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TRANSMIT
TONE RXD GUARD/ TRANSMIT | TRANSMIT DTMF2/ DTMFO/
CONTROL ~ TR| o1 OUTPUT CALLING ANSWER OTNF DTME3 V.23 FOX DTMF1 SPECIAL
REGISTER CONTROL TONE TONE TONE
L ; - 1
RXD PIN 0=OFF 0=OFF 0=DATA 4 BIT CODE FOR 1 OF 16 I
0=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMB- 0=ANSWER TONE FREQ.»2225 Hz
1=TRI STATE INATIONS. OVERIDES FSK MARK WILL BE INDICATED
OTHER TRANSMIT MODES BY SPECIAL TONE BIT IN DR
1=ANSWER TONE FREQ.=2100 Hz
EITHER 2100 Hz (IN ORIG.) OR
0=HALF DUPLEX V.23 1300 Hz (N ANS.) WILL BE
1=ALLOWS V.23 FULL INDICATED BY SPECIAL TONE
DUPLEX OPERATION BITINDR
D
REGISTER 10 110 1} [} 0 0

00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
1100=73K224
1110=73K324
1101=73K312
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CCITT V.23, V.21
Single-Chip Modem
CONTROL REGISTER 0
D7 D4 D2 D1 DO
CR0 | MODUL. TRANSMIT TX DTMF | TRANSMIT | ANSWER/
000 | OPTION MODE 2 ENABLE ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
DO Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band or in V.23 mode, receive at
1200 bit/s and transmit at 75 bit/s).

1 Selects originate mode (transmit in low band,receive in
high band or in V.23 mode, receive at 75 bit/s and
transmit at 1200 bit/s). If in V.23 and D2 of TR=1, selects
V.23 full duplex operation in 4-wire configuration.

Note: This bit works with TR bit DO to program special
tones detected in Tone Register. See detect and tone
registers.
D1 Transmit 0 Disables transmit output at TXA.
Enable 1 Enables transmit output at TXA.
Note: Answer tone and DTMF TX control require TX
enable.
D5, D4,D3, Transmit D5 D4 D3 D2
D2 Mode 0 Transmit DTMF
D2 0 0 Selects power down mode. All functions disabled except
digital interface.
11 0 0 Selects FSK operation.
D6 Unused 0 Not used; must be written as a “0.”
D7 Modulation D7 D5 D4 Selects:
Option 0 1 1 FSK CCITT V.23 mode.
1 1 1 FSK CCITT V.21 mode.
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CONTROL REGISTER 1

D7

Dé

D5

D4 D3 D2 D1 DO

CR1
001

TRANSMIT

PATTE
1

RN
0

TRANSMIT
PATTERN

ENABLE
DETECT
INTER.

TEST
MODE

TEST
MODE

CLK
CONTROL

ADD

PH. EQ. RESET

BIT NO.

NAME

CONDITION

DESCRIPTION

D1, DO

Test Mode

D1 DO

00

Selects normal operating mode.

0 1

Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be forced low.

Selects remote digital loopback. Receiveddatais looped
back to transmit data internally, and RXD is forced to a
mark. Data on TXD is ignored.

Selects local digital loopback. Internally loops TXD back
to RXD and continues to transmit data from TXA pin.

D2

Reset

Selects normal operation.

Resets modem to power down state. All control register
bits (CR0, CR1, Tone) are resetto zero. The output of the
clock pin will be set to the crystal frequency.

D3

CLK Control
(Clock Control)

Program as
0

Not supported in the SSI 73K321. See the TXCLK and
RXCLK pin descriptions for 16x the data rate clocks.

D4

Add Ph. Eq.

0

Selects normal equalization.

1

In V.23 mode, additional phase equalization is added to
the main channel filters when D4 is set to 1.

D5

Enable Detect

Interrupt

Disables interrupt at INT pin. All interrupts are
normally disabled in power down modes.

Enables INT output. An interrupt will be generated with
a change in status of DR bits D1-D3. The special tone
and call progress detect interrupts are masked when the
TX enable bit is set. Carrier detect is masked when TX
DTMF is activated. All interrupts will be disabled if the
device is in power down mode.

D7, D6

Transmit

Pattern

Selects normal data transmission as controlled by the
state of the TXD pin.

Selects an alternating mark/space transmit pattern for
modem testing.

Selects a constant mark transmit pattern.

Selects a constant space transmit pattern.
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DETECT REGISTER
D3 D2 D1 DO
DR RECEIVE CARR. SPECIAL CALL LONG
010 DATA DETECT TONE PROG. | LOOP
BIT NO. NAME CONDITION DESCRIPTION
DO Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call Progress 0 No call progress tone detected.

Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in the
normal 350 to 620 Hz call progress band.

D2 Special Tone 0 No special tone detected as programmed by
Detect CRO bit DO and Tone Register bit DO.
1 Special tone detected. The detected tone is:
(1) 2100 Hz answer tone if DO of TR=1 and the device is
in V.21 originate mode.
(2) 1300 Hz calling tone if DO of TR=1 and the device is
in V.21 or V.23 answer mode.
(3) anFSK mark forthe mode the device is settoreceive
inif DO of TR = 0.
NOTE: Tolerance on special tones is +3%.
D3 Carrier Detect 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel.
D4 Unused Not used in the 73K321L.
D5 Receive Continuously outputs the received data stream.
Data This data is the same as that output on the RXD pin, but
it is not disabled when RXD is tri-stated.
De, D7 Not used.
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TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 0/
TR | OUTPUT | CALLING | ANSWER DTMF DTMF 3| DTMF 2 | DTMF1 | ANS. TONE/
011 | CONTR. TONE TONE SPECIAL
TONE/ SEL
BIT NO. NAME CONDITION DESCRIPTION
DO DTMF 0/ D6 D5 D4 DO DO interacts with bits D6, D5, D4, and CRO as shown.
Answer Tone/ |y x4 x | Transmit DTMF tones.
Special Tone/f X X 0 0 Mark of an FSK mode selected in CRO is to be detected
Detect/Select in D2 of DR.
X X 0 1 2100 Hz answer tone will be detected in D2 of DR if V.21
originate mode is selected in CRO.
1300 Hz calling tone will be detected in D2 of DR if V.21
or V.23 answer mode is selected in CRO.
X1 0 0 Transmit 2225 Hz answer tone in answer mode.
X 1 0 1 Transmit 2100 Hz answer tone in answer mode.
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 11 11 transmitted when TX DTMF and TX enable bit (CRO, bit
D1) is set. Tone encoding is shown below:
KEYBOARD DTMF CODE TONES
EQUIVALENT D3 D2 D1 DO LOW HIGH
1 0 0 0 1 697 1209
2 0 0 1 0 697 1336
3 00 1 1 697 1477
4 01 0 0 770 1209
5 0 1.0 1 770 1336
6 01 1 0 770 1477
7 o1 1 1 852 1209
8 1 0 0 0 852 1336
9 1 0 0 1 852 1477
0 1 01 0 941 1336
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TONE REGISTER (Continued)

BIT NO. NAME CONDITION DESCRIPTION

D3, D2, KEYBOARD DTMF CODE TONES

D1, DO EQUIVALENT D3 D2 D1 DO LOW HIGH

(Cont.) * 1 0 1 1 941 1209
# 11 00 941 1477
A 1 1 0 1 697 1633
B 1110 770 1633
Cc 1.1 1 1 852 1633
D 0 0 0 O 941 1633

D4 Transmit 0 Disabled DTMF.

DTMF 1 Activates DTMF. The selected DTMF tones are trans-
mitted continuously when this bit is high. TX DTMF
overrides all other transmit functions.

D5 Transmit 0 Disables answer tone generator.

Answer Tone 1 Enables answertone generator. A2100 Hz answertone
will be transmitted continuously when the transmit en-
able bit is set. The device must be in answer mode.

Dé Transmit 0 Disables calling tone generator.

Calling Tone 1 Transmit calling tone in either mode.

D7 RXD Output 0 Enables RXD pin. Receive data will be output on RXD.

Control 1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.

ID REGISTER
D7 D6 D5 D4
ID ID ID ID 1D
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, D6, D5 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L
D4 Identification 0 1 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L)
11 0 0 SSI 73K224L
11 10 SSI 73K324L
11 0 1 SSI73K312L
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ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 14 \']
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNITS
VDD Supply voltage 45 5 55 \'
TA, Operating Free-Air -40 +85 °C
Temperature

Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %

external clock

External Components (Refer to Application section for placement.)

VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ
and ISET pins)

ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor 1 (External to GND) 0.1 WF
VDD Bypass Capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20
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DC ELECTRICAL CHARACTERISTICS

(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
1DD, Supply Current ISET Resistor =2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
IDD1, Power-down CLK = 11.0592 MHz 4 mA
IDD2, Power-down CLK = 19.200 KHz 3 mA
Digital inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \'/
All other inputs 2.0 VDD )
VIL, Input Low Voltage 0 0.8 \
IIH, Input High Current VI = VIH Max 100 pA
IIL, Input Low Current VI = VIL Min -200 uA
Reset Pull-down Current Reset = VDD 1 50 UHA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | I0OH MIN = -0.4 mA 24 VDD Vv
VOL, Output Low Voltage 10 MAX = 1.6 mA 0.4 Vv
VOL, CLK Output I0=3.6 MA 0.6 \'
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 LA
CMAX, CLK Output Maximum Capacitive Load 15 pF

1-210
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DYNAMIC CHARACTERISTICS AND TIMING
(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.)
PARAMETERS CONDITIONS MIN NOM MAX | UNITS
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -0.35 +0.35 %
Transmit Level Transmit Dotting Pattern -1 -10 -9 dBmo0
Harmonic Distortion THD in the alternate band FSK -60 -50 dB
in 700-2900 Hz band
Output Bias Distortion Transmit Dotting Pattern in ALB @ RXD +3 %
Total Qutput Jitter Random Input in ALB @ RXD -10 +10 %

NOTE: Parameters expressed in dBmO refer to the following definition:
0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.

DTMF Generator
Freq. Accuracy -0.25 +0.25 %
Output Amplitude Low Band, CRO bit D2=1 _-10 -9 -8 dBmo0
Output Amplitude High Band, CRO bit D2=1 -8 -7 -6 dBmo
Twist High-Band to Low-Band, as above | 1.0 2.0 3.0 dB
Long Loop Detect Not valid for V.23 back channel -38 -28 dBmo0
Dynamic Range Refer to Performance Curves 43 dB
Call Progress Detector
Detect Level -3 dB points in 285 and 675 Hz -38 dBmo
Reject Level Test signal is a 460 Hz sinusoid -45 dBmo0
Delay Time -70 dBmoO to -30 dBm0 STEP 40 ms
Hold Time -30 dBm0 to -70 dBm0 STEP 40 ms
Hysteresis 2 dB
Carrier Detect
Threshold Single Tone -48 -43 dBmo
Delay Time
V.21 10 20 ms
V.23 Forward Channel 6 12 ms
V.23 Back Channel 25 40 ms
Hold Time
V.21 6 20 ms
V.23 Forward Channel 3 8 ms
V.23 Back Channel 10 25 ms
Hysteresis 2 dB
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

122.88 kHz in V.23 main channel

PARAMETERS CONDITIONS MIN NOM MAX | UNITS
Special Tone Detectors
Detect Level See definitions for -48 -43 dBmo0
TR bit DO mode
Delay Time -70 dBmo0 to -30 dBmO Step
2100 Hz answer tone 10 25 ms
1300 Hz calling tone 10 25 ms
390 Hz 20 65 ms
V.23 back channel mark
980 or 1650 Hz 10 25 ms
V.21 marks
Hold Time -30 dBmQ to -70 dBmO Step
2100 Hz answer tone 4 15 ms
1300 Hz calling tone 3 10 ms
390 Hz 10 25 ms
V.23 back channel mark
980 or 1650 Hz 5 15 ms
V.21 marks
Hysteresis 2 dB
Detect Freq. Range Any Special Tone -3 +3 %
Output Smoothing Filter
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB
in .3to0 3.4 kHz 50 pF
Out of Band Energy Frequency >12 kHz in all modes -60 dBmo0
Output Impedance TXA pin, TXA Enabled 20 50 Q
Clock Noise TXA pin; 76.8 kHz or 0.1 0.4 mVrms

1-212
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS | conpiTions | min | nom | max | units

Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE Low 25 ns
TLA CS/Addr. hold after ALE Low 20 ns
TLC ALE Low to RD/WR Low 30 ns
TCL RD/WR Control to ALE High -5 ns
TRD Data out from RD Low 0 140 ns
TLL ALE width 30 ns
TRDF Data float after RD High 0 5 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000 ns
DW Data setup before WR High 40 ns
TWD Data hold after WR High 10 ns
TCKD Data out after EXCLK Low 200 ns
TCKW WR after EXCLK Low 150 ns
TDCK Data setup before EXCLK Low 150 ns
TAC Address setup before control* 50 ns
TCA Address hold after control* 50 ns
TWH Data Hold after EXCLK 20

*  Control for setup is the falling edge of RD or WR. .

Control for hold is the falling edge of RD or the rising edge of WR.
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TIMING DIAGRAMS

BUS TIMING DIAGRAM (PARALLEL VERSION)
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial datainter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: oneforasplitt5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

T c13
39 pF 18 pF
Y1 Q4+5V
11.0592
MHZ
NG [—‘-1 0
l !
As232 Xz XTu CLK XTLI  XTLz VDD
CALD wr wr ISET
CONVERTERS socst
RTS
cA H> oTs P10 P0.0-7 N GND
cB =<} TSR P11
cc 5TR P1.2 RD L.1J VREF
co H{> P13 WR WR
0CD ALE ALE SS| RXA
cF P15 P31 TS KSEAES
P16 Paz2 [— POWER
lr P3.0 P1.7 RESET| FaMILY
BA | [>11X2 4
RXD
BB | <]
EXCLK
DA | [>
oo RAXCLK
o8 TXCLK
= TXA
RESET
, U
MC145406 _T_'sv
ct2
T

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serialinterface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

Inmost applications the controllerwill monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. In this
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232 interface handshake lines are used for modem
control.

T
MIDCOM
671-8005

T
H 250

: VR1
D1
1N4004 } E-/F Va0

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
at the transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp at the same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude than data, these

N,

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvert the signal coming from the gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signalto the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS
Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices

adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

c6 R7
OApF | 20K 1% 750 pF

VR1
-f MOV
V25020

FIGURE 2: Single 5V Hybrid Version
1-216
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Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a paraliel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily onthe
crystal’s characteristics, and to a lesser degree onthe
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
control system noise in orderto obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem should be treated
as a high impedance analog device. A 22 uF elec-
trolytic capacitor in parallel with a 0.1 uF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
power and ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should not be routed near
low levelor highimpedance analogtraces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC’s should have both
high frequency and low frequency bypassing as close
to the package as possible.

MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modemto operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl!”
ofthese curves, taken at the BER point, is the measure
of dynamic range.
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SSI 73K321L
BER vs SIGNAL TO NOISE
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PACKAGE PIN DESIGNATIONS ¢«

1 =[] GND
(TOP VIEW) xt [ 2 7 (] Axa
xme [ s 2% {] VREF
Gc':z ; : XA ADo [f 4 =[] RESET
VREF a1 [ s 2 [] ISET
xTL1[]s 2 {1 RESET a2 e » [ Axowk
XTL"’Q ‘ @il iseT AD3 [] 7 2] RXD
Ao fls 18 1 RXCLK AD4 (] 8 2 ] TXD
at(e 17 [1 RXD ADs [} o 2] T8
A2f(]7 18 [] TXD AD8 [} 10 19 [] EXCLK
DATA (] 8 s [ EXCLK AD7 | 18 [] TXCLK
wal]e 4] TXCLK AE [} v 7 ] T
RO v 3] INT WA w 16 ] TXA
VDD[ " ? ] TXA Fo [ " * :l voo 12 13 14 15 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K321L with Paraliel Bus Interface
28-Pin 5 Volt Supply
Plastic Dual-In-Line 73K321L - IP 73K321L - IP
Plastic Leaded Chip Carrier 73K321L - IH 73K321L - IH
SSI 73K321L with Serial interface
22-Pin 5 Volt Supply
Plastic Dual-In-Line 73K321SL - IP 73K321SL - IP

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting fromits use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 5§73-6914

Protected by the following patents: (4,691,172) (4,777,453)
191 - rev. 1-219 ©1989 Silicon Systems, Inc.
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DESCRIPTION

The SSI 73K322L is a highly integrated single-chip
modem [C which provides the functions needed to
construct a CCITT V.23, V.22 and V.21 compatible
modem, capable of 1200 or 0-300 bit/s full-duplex
operation or 0-1200 bit/s half-duplex operation with or
without the back channel over dial-up lines. The
SSI1 73K322L is an enhancement of the SSI1 73K221L
single-chip modem with performance characteristics
suitable for European and Asian telephone systems.
The SSI73K322L produces either 550 or 1800 Hz
guard tone, recognizes and generates a 2100 Hz
answer tone, and supports V.21 for 300 Hz FSK
operation. It also operates in V.23, 1200 bit/s FSK
mode. The SSI 73K322L integrates analog, digital,
and switched-capacitor array functions on a single
substrate,offering excellent performance and a high
level of functional integration in a single 28- or 22-pin
DIP configuration. The SSI 73K322L operates from a
single +5 volt supply with very low power consumption.

The SSI 73K322L includes the DPSK and FSK
modulator/demodulator functions, call progress and
handshake tone monitor test modes, and a tone
generator capable of producing DTMF, answer, calling
and 550 or 1800 Hz guard tone. This device supports
V.23, V.22 (except mode v) and V. 21 modes of
operation, allowing both synchronous and

FEATURES

* One-chip CCITT V.23, V.22 and V.21 standard
compatible modem data pump
*  Full-duplex operation at 0-300 bit/s (FSK) or 600 and

1200 bit/s (DPSK) or 0-1200 bit/s (FSK) forward
channel with or without 0-75 bit/s back channel

* Interfaces directly with standard microprocessors
(8048, 80C51 typical)

* Serial (22-pin DIP) or parallel microprocessor bus
(28-pin DIP) for control

*  Serial port for data transfer

* Both synchronous and asynchronous modes of
operation

* Call progress, carrier, precise answer tone

(2100 Hz), calling tone (1300 Hz) and FSK mark
detectors

* DTMF and 550 or 1800 Hz guard tone generators

¢ Test modes available: ALB, DL, RDL, Mark, Space,
Alternating bit patterns

* Precise automatic gain control allows 45 dB
dynamic range

¢ CMOS technology for low power consumption
using 30 mW @ 5V from a single power supply
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DESCRIPTION (Continued)

asynchronous communications. The SSI 73K322L is
designed to appear to the systems designer as a
microprocessor peripheral, and will easily interface
with popular one-chip microprocessors (80C51 typi-
cal) for control of modem functions through its 8-bit
multiplexed address/data bus or via an optional serial
control bus. An ALE control line simplifies address
demultiplexing. Data communications occurs through
a separate seriat port only.

The SSI1 73K322L is ideal for use in either free standing
or integral system modem products where multi-stan-
dard data communications over the 2-wire switched
telephone network is desired. Its high functionality, low
power consumption and efficient packaging simplify
design requirements and increase system reliability. A
complete modem requires only the addition of the
phone line interface, a control microprocessor, and
RS-232 level converter for a typical system. The
SSI 73K322L is part of Silicon Systems K-Series family
of pin and function compatible single-chip modem
products. These devices allow systems to be config-
ured for higher speeds and Bell or CCITT operation
with only a single component change.

OPERATION

ASYNCHRONOUS MODE

Data transmission for the DPSK mode requires that
data ultimately be transmitted in a synchronous fash-
ion, The SSI 73K322L includes ASYNC/SYNC and
SYNC/ASYNC converters which delete or insert stop
bits in order to transmit data at a regular rate. In
asynchronous mode the serial data comes from the
TXD pin into the ASYNC/SYNC converter. The
ASYNC/SYNC converter accepts the data provided on
the TXD pin which normally must be 1200 or 600 bit/s
+1.0%, -2.5%. The rate converter will then insert or
delete stop bits in order to output a signal which is 1200
or 600 bit/s + .01% (+ .01% is the crystal tolerance).

The SYNC/ASYNC converter also has an extended
overspeed mode which allows selection of an output
overspeed range of either +1% or +2.3%. In the
extended overspeed mode, stop bits are output at 7/8
the normal width.

The serial data stream from the transmit buffer or the
rate converter is passed through the data scrambler
and onto the analog modulator. The data scrambler
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can be bypassed under processor control when
unscrambled data must be transmitted. If serial input
data contains a break signal through one character
(including start and stop bits) the break will be
extended to at least 2 « N + 3 bits long (where N is the
number of transmitted bits/character).

Serial data from the demodulator is passed first
through the data descrambler and then through the
SYNC/ASYNC converter. The ASYNC/ASYNC con-
venrterwillreinsert any deleted stop bits and output data
atanintra-character rate (bit-to-bit timing) of no greater
than 1219 bit/s. Anincoming break signal (low through
two characters) will be passed through without incor-
rectly inserting a stop bit.

SYNCHRONOUS MODE

The CCITT V.22 standard defines synchronous opera-
tion at 600 and 1200 bit/s. Operation is similar to that
of the asynchronous mode except that data must be
synchronized to a provided clock and no variation in
data transter rate is allowable. Serial input data ap-
pearing at TXD must be valid on the rising edge of
TXCLK.

TXCLK is an internally derived signal in internal mode
and is connected internally to the RXCLK pin in slave
mode. Receive data at the RXD pin is clocked out on
the falling edge of RXCLK. The ASYNCH/SYNCH
converter is bypassed when synchronous mode is
selected and datais transmitted out at the same rate as
it is input.

DPSK MODULATOR/DEMODULATOR

In DPSK mode the SSI 73K322L modulates a serial bit
stream into di-bit pairs that are represented by four
possible phase shifts as prescribed by the V.22 stan-
dards. The base-band signal is then filtered to reduce
intersymbol interference on the bandlimited 2-wire
telephone line. Transmission occurs using either a
1200 Hz (originate mode) or 2400 Hz carrier (answer
mode). Demodulation is the reverse of the modulation
process, with the incoming analog sighal eventually
decoded into di-bits and converted back to a serial bit
stream. The demodulator also recovers the clock
which was encoded into the analog signal during
modulation. Demodulation occurs using either a
1200 Hz carrier (answer mode or ALB originate mode)
or a 2400 Hz carrier (originate mode or ALB answer
mode). The SSI 73K322L uses a phase locked loop
coherent demodulation technique for optimum
receiver performance.
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FSK MODULATOR/DEMODULATOR

The FSK modulator produces a frequency modulated
analog output signal using two discrete frequencies to
represent the binary data. V.21 mode uses 980 and
1180 Hz (originate, mark and space) or 1650 and
1850 Hz (answer, mark and space). V.23 mode uses
1300 and 2100 Hz for the main channel and 390 and
450 Hz for the back channel. The modulation rate of
the back channel is up to 75 baud. Demodulation
involves detecting the received frequencies and
decoding them into the appropriate binary value. The
rate converter and scrambler/descrambler are auto-
matically bypassed in the V.21 or V.23 modes.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and provide compromise delay equali-
zation and rejection of out-of-band signals in the
receive channel. Amplitude and phase equalization
are necessary to compensate for distortion of the
transmission line and to reduce intersymbol interfer-
ence in the bandlimited receive signal. The transmit
signal filtering approximates a 75% square root of
raised Cosine frequency response characteristic.

AGC

The automatic gain control maintains a signal level at
the input to the demodulators which is constant to
within 1 dB. It corrects quickly for increases in signal
which would cause clipping and provides a totai
receiver dynamic range of >45 dB.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect register is read only
and cannot be modified except by modem response to
monitored parameters.

SERIAL COMMAND INTERFACE

The serial command interface allows access to the
SSI 73K322L control and status registers via a serial
command port (22-pin version only). In this mode the
A0, A1 and A2lines provide register addresses fordata
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passed through the data pin under control of the RD
and WR lines. A read operation is initiated when the
RD line is taken low. The first bit is available after RD
is brought low and the next seven cycles of EXCLK will
then transfer out seven bits of the selected address
location LSB first. A write takes place by shifting in
eight bits of data LSB first for eight consecutive cycles
of EXCLK. WR is then pulsed low and data transferred
into the selected register occurs on the rising edge
of WR.

SPECIAL DETECT CIRCUITRY

The special detect circuitry monitors the received
analog signal to determine status or presence of car-
rier, answer tone and weak received signal (long loop
condition), special tones such as FSK marking and the
1300 Hz calling tone are also detected. A highly
frequency selective call progress detector provides
adequate discrimination to accurately detect Euro-
pean call progress signals.

DTMF GENERATOR

The DTMF generator will output one of 16 standard
tone pairs determined by a 4-bit binary value and TX
DTMF mode bit previously loaded into the tone regis-
ter. Tone generation is initiated when the DTMF mode
is selected using the tone register and the transmit
enable (CRO bit D1) is changed from 0 to 1.
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Single-Chip Modem
PIN DESCRIPTION
POWER
NAME 28-PIN 22-PIN TYPE DESCRIPTION
GND 28 1 | System Ground.
VDD 15 11 | Power supply input, 5V +10%. Bypass with .1 and 22 uF
capacitors to GND.
VREF 26 21 (0] An internally generated reference voltage. Bypass with
.1 pF capacitor to GND.
ISET 24 19 | Chip currentreference. Sets bias current forop-amps. The

chip current is set by connecting this pin to VDD through a
2 MQ resistor. ISET should be bypassed to GND with a
.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE 12 - | Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADO0-AD7 4-11 - IO Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

CsS 20 - I Chip select. Alow on this pin during the falling edge of ALE

allows a read cycle or a write cycle to occur. ADO-AD7 will
not be driven and no registers will be written if CS (latched)
is not active. The state of CS is latched on the falling edge
of ALE.

CLK 1 2 O Output clock. This pinis selectable under processorcontrol
to be either the crystal frequency (for use as a processor
clock) or 16 x the data rate for use as a baud rate clock in
DPSK modes only. The pin defaults to the crystal fre-
quency on reset.

|

17 13 (0] Interrupt. Thisopendrain output signalis usedto informthe
processor that a detect flag has occurred. The processor
must then read the detect register to determine which
detect triggered the interrupt. TNT will stay low until the
processor reads the detect register or does a full reset.

3l

14 - | Read. A low requests a read of the SSI 73K322L internal
registers. Data cannot be output unless both RD and the
latched CS are active or low.

RESET 25 20 | Reset. An active high signal on this pin will put the chip into
aninactive state. Allcontrol register bits (CR0, CR1, Tone)
will be reset. The output of the CLK pin will be set to the
crystal frequency. An internal pull down resistor permits
power on reset using a capacitor to VDD.
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1
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN 22-PIN TYPE DESCRIPTION
WR 13 - | Write. A low on this informs the SSI 73K322L that data is

available on ADO-AD?7 for writing into an internal register.
Data is latched on the rising edge of WR. No datais written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

A0-A2 - 5-7 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 110 Serial Control Data. Data for a read/write operation is

clocked inor out on the falling edge of the EXCLK pin. The
direction of data flow is controlled by the RD pin. RD low
outputs data. RD high inputs data.

RD - 10 | Read. A low on this input informs the SSI 73K322L that
data or status information is being read by the processor.
Thefalling edge of the RD signal will initiate a read from the
addressed register. The RD signal must continue for eight
falling edges of EXCLK in order to read all eight bits of the
referenced register. Read data is provided LSB first. Data
will not be output unless the RD signal is active.

WR - 9 | Write. Alow onthisinputinforms the SSI 73K322L thatdata
or status information has been shifted in through the DATA
pin and is available for writing to an internal register. The
normal procedure for a write is to shift in data LSB first on
the DATA pinfor eight consecutive falling edges of EXCLK
andthentopulse WRilow. Data is writtenonthe rising edge
of WR.

Note:  Inthe serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the
pins; A0, A1, A2, DATA, and anunconnected pin. Also, the RD and WR controls are used differently.

The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this
configuration AD7 becomes DATA and ADOQ, AD1 and AD2 become A0, A1 and A2, respectively.

DTE USER INTERFACE
NAME 28-PIN 22-PIN TYPE DESCRIPTION
EXCLK 19 15 | External Clock. This signal is used only in synchronous

DPSK transmission when the external timing option has
been selected. Inthe external timing mode the rising edge
of EXCLK is used to strobe synchronous DPSK transmit
data available on the TXD pin. Also used for serial control
interface.
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RS-232 INTERFACE (Continued)

NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION

RXCLK 23 18 (0] Receive Clock. The falling edge of this clock output is
coincident with the transitions in the serial received DPSK
data output. Therising edge of RXCLK canbeusedtolatch
the valid output data. RXCLK will be valid as long as a
carrier is present. In V.23 or V.21 mode a clock which is
16 x1200 (or 16 x 75) or 16 x 300 Hz baud data rate is
output, respectively, for driving a UART.

RXD 22 17 (0] Received Data Output. Serial receive data is available on
this pin. The data is always valid on the rising edge of
RXCLK when in synchronous mode. RXD will output
constant marks if no carrier is detected.

TXCLK 18 14 (@] Transmit Clock. This signal is used only in synchronous
DPSK transmission to latch serial input data on the TXD
pin. Data must be provided so that valid data is available
on the rising edge of the TXCLK. The transmit clock is
derived from different sources depending upon the syn-
chronization mode selection. In Internal Mode the clock is
1200 Hz generated internally. in External Mode TXCLK is
phase locked to the EXCLK pin. In Slave Mode TXCLK is
phase locked to the RXCLK pin. TXCLK is always active.
InV.23 or V.21 mode the outputis a 16 x 1200 (or 16 x 75)
or 16 x 300 Hz baud clock, respectively for driving a UART.

TXD 21 16 | Transmit Data Input. Serial data fortransmission is applied
on this-pin. In synchronous modes, the data must be valid
on the rising edge of the TXCLK clock. In asynchronous
modes (1200 or 300 baud) no clocking is necessary. DPSK
must be 1200/600 bit/s +1%, -2.5% or +2.3%, -2.5 % in
extended overspeed mode.

ANALOG INTERFACE AND OSCILLATOR

RXA 27 22 o Received modulated analog signal input from the tele-
phone line interface.

TXA 16 12 (6] Transmit analog output to the telephone line interface.

XTL1 2 3 | These pins are for the internal crystal oscillator

XTL2 3 4 | requiringa 11.0592 MHz parallel mode crystal and two load

capacitors to Ground. XTL2 can also be driven from an
external clock.
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REGISTER DESCRIPTIONS

Four 8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0 and A1
address lines in serial mode, or the ADO and AD1 lines
in parallel mode. The ADO and AD1 lines are latched
by ALE. Register CRO controls the method by which
data is transferred over the phone line. CR1 controls

the interface between the microprocessor and the
SSI 73K322L internal state. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trolsthe DTMF generator, answer and guardtones and
RXD output gate used in the modem initial connect
sequence. All registers are read/write except for DR
which is read only. Register control and status bits are
identified below:

REGISTER BIT SUMMARY
ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO D7 s D4 D3 D2 D1 Do
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT ANSWER/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ORIGINATE
0 3 2 1 0
BYPA!
CONTROL TRANSMIT ENABLE | sconui e/ CLK TEST TEST
REGISTER  CR1 001 PATTERN DETECT | apppH.EQ. | CONTROL RESET MODE MODE
1 1 ] INTERRUPT v.23) 1 o
DETECT RECEIVE UNSCR. CARRIER SPECIAL CALL LONG
REGISTER DR| 010 DATA MARKS DETECT TONE PROGRESS LOOP
TONE RXD TRANSMIT DTMFO/GUARD/
comro. | e | odtur | Suor | Twe | ANMT | ones | g | o (Aot
REGISTER CONTROL TONE TONE " TONE SELECT
CONTROL
REGISTER CR2 | 100
2 %? i
el
CONTROL *‘%«%
REGISTER CR3 [ 101 USE WITH OTHER K-SERIES FAMILY MEMBERS e
3 .\ e
D
REGISTER | w0
NOTE: When a register containing reserved

control bits is written into, the reserved bits
must be programmed as 0's.
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
[ mecsten AD2 - ADO o | o s | o D3 2 | o | m
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ORIGINATE/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
[ 2 1 [)
0=1200 BIT/S DPSK 0000=PWR DOWN 4| 0=DISABLE 0=ANSWER
1600 BIT/S DPSK 0001=INT SYNCH TXAOUTPUT  1=ORIGINATE
0aV.23 FSK 0010=EXT SYNCH 1=ENABLE IN V.23 MODE :
1aV.21 FSK 0011=SLAVE SYNCH TXAOUTPUT  0=RECEIVE @ 1200 BIT/S,
0100=ASYNCH 8 BITS/CHAR TRANSMIT @ 75 BIT/S
0101=ASYNCH 9 BITSICHAR 1-RECEIVE @ 75 BIT/S,
0110=ASYNCH 10 BITS/CHAR TRANSMIT @ 1200 BIT/S
0111=ASYNCH 11 BITS/CHAR
1100=FSK
NT TRANSMIT | TRANSMIT ENABLE BYPASS CLK TEST TEST
REGISTER  CR1 001 PATTERN PATTERN DETECT SCRAMBLER/ | CONTROL RESET MODE MODE
1 1 ° INTERRUPT | ADD PH.EQ. 1 [
l_ 00aTX DATA _l 0sDISABLE  O=NORMAL 0=XTAL 0=NORMAL l_ 00=NORMAL __I
01TX ALTERNATE 1=ENABLE  1aBYPASS 1216 XDATA  1aRESET 01=ANALOG LOOPBACK
10=TX MARK SCRAMBLER  RATE OUTPUT 10=REMOTE DIGITAL
11aTX SPACE 1=ADD EXTRA AT CLKPIN IN LOOPBACK
PHASEEQ.  DPSK MODE 11=LOCAL DIGITAL
INV.23ONLY ONLY LOOPBACK
DEYECT RECEIVE UNSCR. CARRIER SPECIAL CALL LONG
REGISTER DR o010 DATA MARK DETECT TONE PROGRESS LooP
DETECT
oUTPUTS I 0=CONDITION NOT DETECTED — 1]
RECEIVED 1CONDITION DETECTED
DATA STREAM
TRANSMIT
TONE RXD cuarD; | TRANsMT | TRansmm DTMF2 ormry_ (OTMEGCUARD!
CONTROL TR on outpuT CALLING ANSWER DTMF DTMF3 V.23 FDX OVERSPEED SPECIAL
REGISTER CONTROL TONE TONE TONE
: —_ 1
RXD PIN 0=OFF 0=OFF 0=DATA | E— 4 BIT CODE FOR 1 OF 16 I
0=NORMAL 1=ON 1=ON 1=TX DTMWF DUAL TONE 0=1800 Hz G.T. (V.22).
1=TRI STATE COMBINATIONS. 2225 Hz ANS TONE
GENERATED, FSK
I MARK DETECT
SELECTED
0=NORMAL 12550 Hz G.T. (V.22)
1=ALLOWS V.23 FULL 2100 Hz ANS TONE
DUPLEX OPERATION GENERATED &
DETECTED (V.21,V.22)
1300 Hz DETECTED (V.23)
)
REGISTER 1| 10 D D D 0
00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
110073K224
1110a73K324
1101273K312
1-228
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CONTROL REGISTER 0

D4 D3 D2 D1 DO

TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
MODE 2 MODE 1 MODE 0 ENABLE | ORIGINATE

CRO
000

BIT NO. NAME CONDITION DESCRIPTION

DO Answer/ 0 Selects answer mode (transmit in high band,
Originate receive in low band or in V.23 HDX mode, receive at
1200 bit/s and transmit at 75 bit/s).

1 Selects originate mode (transmitin low band,receive in
highband orin V.23 HDX mode, receive at 75 bit/s and
transmit at 1200 bit/s).

Note: This bit works with TR bit DO to program special
tones detected in Tone Register. See detect and tone
registers.

b1 Transmit 0 Disables transmit output at TXA.
Enable 1 Enables transmit output at TXA.

Note: Answer tone and DTMF TX control require TX »
enable.

D5 D4 D3 D2

D5, D4,D3, Transmit 0 0 0 O Selects power down mode. All functions
D2 Mode disabled except digital interface.

0 0 0 1 Internal synchronous mode. Inthis mode TXCLK is an
internally derived 1200 Hz signal. Serial input data
appearing at TXD must be valid on the rising edge of
TXCLK. Receive data is clocked out of RXD on the
falling edge of RXCLK.

0 0 1 0 External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 1200 Hz £0.01% clock must
be supplied externally.

00 1 1 Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connected internally to
the RXCLK pin in this mode.

01 0 O Selects DPSK asynchronous mode - 8 bits/character
(1 start bit, 6 data bits, 1 stop bit).

01 0 1 Selects DPSK asynchronous mode - 9 bits/character
(1 start bit, 7 data bits, 1 stop bit).

01 1 0 Selects DPSK asynchronous mode - 10 bits/character
(1 start bit, 8 data bits, 1 stop bit).

o1 1 1 Selects DPSK asynchronous mode - 11 bits/character
(1 start bit, 8 data bits, Parity and 1 or 2 stop bits).

11 0 0 Selects FSK operation.
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CONTROL REGISTER 0 (Continued)

D7 I I D5 D4 D3 D2 D1 DO
CRO | MODUL. TRANSMIT| TRANSMIT | TRANSMIT | TRANSMIT| TRANSMIT | ANSWER/
000 | OPTION MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE
BIT NO. NAME CONDITION DESCRIPTION
Dé 0 Not used; must be written as a “0.”
D7 D5 D4 Selects:
D7 Modulation 0 0 X PSK asynchronous mode at 1200 bit/s.
Option 1 0 X PSK asynchronous mode at 600 bit/s.
0 1 1 FSK CCITT V.23 mode.
1 1 1 FSK CCITT V.21 mode.
CONTROL REGISTER 1
D7 D6 D5 D4 D3 D2 D1 DO
TRANSMIT | TRANSMIT | ENABLE | BYPASS CLK TEST TEST
CR1 PATTERN PATTERN | DETECT | SCRAMB/| CONTROL | RESET | MODE MODE
001 1 0 INTER. ADD 1 0
PH. EQ.
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1, DO Test Mode 0 0 Selects normal operating mode.

0 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiverto
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable must be
forced low.

1 0 Selects remote digital loopback. Received data is
looped back to transmit data internally, and RXD is
forced to a mark. Data on TXD is ignored.

1 1 Selects local digital loopback. Internally loops TXD
back to RXD and continues to transmit carrier from
TXA pin.

D2 Reset 0 Selects normal operation.

1 Resets modem to power down state.  All control
register bits (CRO, CR1, Tone) are reset to zero. The
output of the CLK pin will be set to the crystal
frequency.
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CONTROL REGISTER 1 (Continued)

D2 D1

BYPASS CLK TEST TEST
SCRAMB/ | CONTROL | RESET | MODE | MODE
ADD 1 0

PH. EQ.

D7

TRANSMIT | TRANSMIT
CRt PATTERN PATTERN
001 1 0

D6 D5

ENABLE
DETECT
INTER.

D4 D3 DO

BIT NO.
D3

NAME CONDITION
CLK Control 0

DESCRIPTION

Selects 11.0592 MHz crystal echo output at CLK
pin.

1 Selects 16 X the data rate, output at CLK pin in DPSK
modes only.

D4

Bypass
Scrambler/

Add Phase
Equalization

Selects normal operation. DPSK data is passed
through scrambler.

Selects Scrambler Bypass. DPSK data is routed
around scrambler in the transmit path. In V.23 mode,
additional phase equalization is added to the main
channel filters when D4 is set to 1.

D5

Enable Detect

Disables interrupt at INT pin.

Enables INT output. An interrupts will be generated
with a change in status of DR bits D1-D4. The special
tone and call progress detect interrupts are masked
whenthe TXenable bitis set. Carrier detect is masked
when TX DTMF is activated. All interrupts will be
disabled if the device is in power down mode.

D7, D6

Transmit
Pattern

D7 Dé

0 0

Selects normal data transmission as controlled
by the state of the TXD pin.

Selects an alternating mark/space transmit pattern for
modem testing.

Selects a constant mark transmit pattern.

Selects a constant space transmit pattern.
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DETECT REGISTER
D5 D4 D3 D2 D1 DO
DR RECEIVE UNSCR. CARR. SPECIAL CALL LONG
010 DATA MARK DETECT TONE PROG. | LOOP
BIT NO. NAME CONDITION DESCRIPTION
Do Long Loop 0 Indicates normal received signal.
1 Indicates low received signal level.
D1 Call Progress 0 No call progress tone detected.

Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in
the normal 350 to 620 Hz call progress band.

D2 Special Tone 0 No special tone detected as programmed by
Detect CRO bit DO and Tone Register bit DO.
1 Special tone detected. The detected tone is:
(1) 2100 Hz answer tone if DO of TR=1 and the device
is in V.21 or V.22 originate mode.
(2) 1300 Hz calling tone if DO of TR=1 and the device
is in V.21, or V.22 answer mode.
(3) an FSK mark in the mode the device is set to
receive.
Tolerance on special tones is £3%.
D3 Carrier Detect 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel.
D4 Unscrambled 0 No unscrambled mark.
Mark 1 Indicates detection of unscrambled marks in
the received data. A valid indication requires that
unscrambled marks be received for > 165.5+ 6.5 ms.
D5 Receive Continuously outputs the received data stream.
Data Thisdatais the same as that output onthe RXD pin, but
it is not disabled when RXD is tri-stated.
Dse, D7 Not used.

1-232




SSI 73K322L

CCITT v.23, V.22, V.21
Single-Chip Modem
1
TONE REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 2/ | DTMF 1/ | DTMF 0/
TR | OUTPUT | GUARD/ ANSWER DTMF DTMF 3|V.23 FDX| OVER- |G.T/ANSW/
011 | CONTR. | CALLING TONE SPEED | SP. TONE/
TONE SELECT
BIT NO. NAME CONDITION DESCRIPTION
D6 D5 D4 DO DO interacts with bits D6, D4, and CRO as shown.
DO DTMF 0 X X 1 X Transmit DTMF tones.
Guard Tone/ 1 X 0 0 Select 1800 Hz guard tone if in V.22 and answer
Answer Tone mode in CRO.
Special Tone/ 1 X 0 1 Select 550 Hz guard tone if in V.22 and answer mode
Detect/Select in CRO.
X X 0 0 Mark of an FSK mode selected in CRO is to be detected
in D2 of DR.
X X 0 t 2100 Hz answer tone will be detected in D2 of DR if
V.21 or V.22 originate mode is selected in CRO.
1300 Hz callingtone will be detectedin D2 of DRif V.21,
or V.22 answer mode is selected in CRO.
X 1 0 0 Transmit 2225 Hz Answer Tone
X1 0 1 Transmit 2100 Hz Answer Tone
D4 D1 D1 interacts with D4 as shown.
D1 DTMF 1/ 0 0 Asynchronous DPSK 1200 or 600 bit/s +1.0% -2.5%.
Overspeed 0 1 Asynchronous DPSK 1200 or 600 bit/s +2.3% -2.5%.
D2 DTMF 2/ 0 Half-duplex asymetric operation in V.23 mode.
V.23 FDX 1 Full-duplex (4-wire) operation in V.23 mode.
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 O0- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 1 1 1 1 transmittedwhen TX DTMF and TXenable bit (CRO, bit
D1) are set. Tone encoding is shown below:
KEYBOARD DTMF CODE TONES
EQUIVALENT | D3 D2 D1 DO | LOW HIGH
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 01 0 1 770 1336
6 0 1 1 0 | 770 1477
7 0 1 1 1 | 852 1209
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TONE REGISTER (Continued)
D6 D5 D4 D3 D2 D1 DO
TRANSMIT | TRANSMIT | TRANSMIT DTMF 2/ | DTMF 1/ | DTMF 0/
TR | OUTPUT | GUARD/ ANSWER DTMF DTMF 3 [V.23 FDX| OVER- GUARD/
011] CONTR. | CALLING TONE SPEED SPECIAL
TONE TONE SEL
BIT NO. NAME CONDITION DESCRIPTION
D3, D2, KEYBOARD DTMF CODE TONES
D1, DO EQUIVALENT D3 D2 D1 DO LOW HIGH
(Cont.) 8 1 0 0 0 852 1336
9 i 0 0 1 852 1477
0 1 0 1 0 941 1336
* 1.0 1 1 941 1209
# 1 1 0 0 941 1477
A 11 0 1 697 1633
B 1110 770 1633
C 1 1 1 1 852 1633
D 0 0 0 0 941 1633
D4 Transmit 0 Disable DTMF.
DTMF 1 Activate DTMF. The selected DTMF tones are
transmitted continuously when this bit is high.
TX DTMF overrides all other transmit functions.
D5 Transmit 0 Disables answer tone generator.
Answer Tone 1 Enables answer tone generator. A 2100 Hz
answer tone will be transmitted continuously when the
transmitenable bitis set. The device mustbe in answer
mode. To transmit answer tone, the device must be in
DPSK answer mode.
D6 TX Guard or 0 Disables guard/calling tone generator.
Calling Tone
1 Transmit guard tone if in V.22 and answering;
otherwise transmit calling tone, in any other mode
including V.23 mode.
D7 RXD Output 0 Enables RXD pin. Receive data will be output on
Control RXD.
1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.
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ID REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
ID ID ID D
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, D6, D5 Device 0 0 X X SSI 73K212(L), 73K321L or 73K322L
D4 Identification 01 X X SSI1 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L) or 73K321L
11 0 0 SSI 73K224L
11 1 0 SSI 73K324L
11 0 1 SSI73K312L
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 14 \'
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX UNITS
VDD Supply voltage 45 5 55 \
TA, Operating Free-Air Temp. -40 +85 °C
Clock Variation (11.0592 MHz) Crystal or external clock | -0.01 +0.01 %
External Components (Refer to Application section for placement.)
VREF Bypass Capacitor (External to GND) 0.1 uF
Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 MQ
ISET Bypass Capacitor (ISET pin to GND) 0.1 uF
VDD Bypass Capacitor 1 (External to GND) 0.1 uF
VDD Bypass Capacitor 2 (External to GND) 22 uF
XTL1 Load Capacitor Depends on crystal characteristics; 40 pF
XTL2 Load Capacitor from pin to GND 20
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DC ELECTRICAL CHARACTERISTICS

(TA = -40°C to 85°C, VDD = recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN | NOM MAX | UNITS
1DD, Supply Current ISET Resistor = 2 MQ
IDDA, Active CLK = 11.0592 MHz 8 12 mA
IDD1, Power-down CLK = 11.0592 MHz 4 mA
IDD2, Power-down CLK = 19.200 KHz 3 mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 vDD \'
All other inputs 2.0 VDD \'
VIL, Input Low Voltage 0 0.8 Vv
IIH, Input High Current VI = VIH Max 100 A
IIL, Input Low Current Vi = VIL Min -200 pA
Reset Pull-down Current Reset = VDD 1 50 HA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | IOH MIN =-0.4 mA 24 VDD \'
VOL, Output Low Voltage IO MAX = 1.6 mA 0.4 \'
VOL, CLK Output 10 =3.6 mA 0.6 \')
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 MA
CMAX, CLK Output Maximum Capacitive Load 15 pF
Capacitance
Inputs Capacitance, all Digital Input pins 10 pF
XTAL1, 2 Load Capacitors | Depends on crystal characteristics| 15 60 pF
CLK Maximum Capacitive Load 15 pF
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DYNAMIC CHARACTERISTICS AND TIMING
(TA = -40°C to +85°C, VDD = Recommended range unless otherwise noted.)

PARAMETERS CONDITIONS MIN NOM MAX | UNITS
DPSK Modulator
Carrier Suppression Measured at TXA 45 dB
Output Amplitude TX scrambled marks -1 -10 -9 dBmo
FSK Modulator
Qutput Freq. Error CLK = 11.0592 MHz -0.35 +0.35 %
Transmit Level Transmit Dotting Pattern -11 -10 -9 dBm0
Harmonic Distortion THD in the alternate band -60 -50 dB
in 700-2900 Hz band DPSK or FSK
Output Bias Distortion Transmit Dotting Pattern +3 %
In ALB @ RXD
Total Output Jitter Random Input in ALB @ RXD -10 +10 %
DTMF Generator
Freq. Accuracy Must be in V.22 mode -.25 +.25 %
Output Amplitude Low Band, V.22 mode -10 -9 -8 dBmo
Output Amplitude High Band, V.22 mode -8 -7 -6 dBmo
Twist High-Band to Low-Band, V.22 mode | 1.0 2.0 3.0 dB
Long Loop Detect With Sinusoid -38 -28 dBmo
Dynamic Range Refer to Performance Curves 45 dB
Note: Parameters expressed in dBmO refer to the following definition:
0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.
Refer to the Basic Box Modem diagram in the Applications section for the DAA design.
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

V.23 back channel mark

PARAMETERS CONDITIONS MIN NOM MAX UNITS
Call Progress Detector
Detect Level -3 dB points in 285 and 675 Hz -38 dBmo
Reject Level Test signal is a 460 Hz sinusoid -45 dBmoO
Delay Time -70 dBm0 to -30 dBm0 STEP 40 ms
Hold Time -30 dBmo0 to -70 dBm0 STEP 40 ms
Hysteresis 2 dB
Carrier Detect
Threshold DPSK or FSK receive data -48 -43 dBm0
Delay Time
V.21 10 20 ms
V.22 15 32 ms
V.23 Forward Channel 6 12 ms
V.23 Back Channel 25 40 ms
Hold Time
V.21 6 20 ms
V.22 10 24 ms
V.23 Forward Channel 3 8 ms
V.23 Back Channel 10 25 ms,
Hysteresis 2 dB
Special Tone Detectors
Detect Level See definitions for -48 -43 dBmo0
TR bit DO mode
Delay Time
2100 Hz answer tone 10 25 ms
1300 Hz calling tone 10 25 ms
390 Hz 20 65 ms
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN NOM MAX (| UNITS
Special Tone Detectors (Continued)
980 or 1650 Hz 10 25 ms
V.21 marks
Hold Time
2100 Hz answer tone 4 15 ms
1300 Hz calling tone 3 10 ms
390 Hz 10 25 ms
V.23 back channel mark
980 or 1650 Hz 5 15 ms
V.21 marks
Hysteresis 2 dB
Detect Freq. Range Any Special Tone -3 +3 %
Output Smoothing Filter
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB
in 0.3 10 3.4 kHz 50 pF
Out of Band Energy Frequency >12 kHz in all modes -60 dBmo0
Output Impedance TXA pin, TXA enabled 20 50 Q
Clock Noise TXA pin; 76.8 kHz or
122.88 kHz in V.23 main channel 0.1 0.4 mVrms
Carrier VCO
Capture Range Originate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Freq. Change Assum.
Recovered Clock
Capture Range % of frequency -625 +625 ppm
center frequency
(center at 1200 Hz)
Data Delay Time Analog data in at RXA pin to 30 50 ms
receive data valid at RXD pin
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN | NOM MAX | UNITS

Guard Tone Generator
Tone Accuracy 550 or 1800 Hz -20 +20 Hz
Tone Level 550 Hz -4.0 -3.0 -2.0 dB
(Below DPSK Output) 1800 Hz -7.0 -6.0 -5.0 dB
Harmonic Distortion 550 Hz -50 daB
700 to 2900 Hz

Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE Low 25 ns
TLA CS/Addr. hold after ALE Low 20 ns
TLC ALE Low to RD/WR Low 30 ns
TCL RD/WR Control to ALE High 5 ns
TRD Data out from RD Low 0 140 ns
TLL ALE width 30 ns
TRDF Data float after RD High 0 5 ns
TRW RD width 200 25000 ns
TWW WR width 140 25000 ns
TOW Data setup before WR High 40 ns
TWD Data hold after WR High 10 ns
TCKD Data out after EXCLK Low 200 ns
TCKW WR after EXCLK Low 150 ns
TDCK Data setup before EXCLK Low 150 ns
TAC Address setup before control* 50 ns
TCA Address hold after control* 50 ns
TWH Data Hold after EXCLK 20

*

Control for setup is the falling edge of RD or WR. _
Control for hold is the falling edge of RD or the rising edge of WR.
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TIMING DIAGRAMS
BUS TIMING DIAGRAM (PARALLEL VERSION)
TLL
L S + %
TLC TRW TCL
Fo ———'E}C——T e TWW
L * A+
TLA TRD TRDF TWD
) IJJ L‘J on L%

ADO-AD7 ADDRESS READ DATA ADDRESS HRITE DATA>|—
= L =4 A=

READ TIMING DIAGRAM (SERIAL VERSION)

mo X A(—
TAC ’M‘I
R

- "‘TRD V—‘iTCKD L—o’TRDF
oan —— 20 X ot ke ) X X X T

WRITE TIMING DIAGRAM (SERIAL VERSION)

SR SNV WAL WAV SV

HTWW
WA v
TCKWfe—s
AO-A2 ADDRE:
TDCK v-o,TWH

DATAW 04)( D5 X D6 X D7>'_—
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APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: one fora split+5 or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

(9 C4 l C13
39pF 18 pF

Vi +5V
11.0592
MHZ
N’Ic 0 )

Rs232 Xz Xt ClKk XL XTL2 VoD
LEVEL WT W SET
CONVERTERS \
oa (IS po poor () oD
cB <} z;sa P1.1
cc '<]”—"n_' P12 RD RO VREF
cp H>+0T P13 wR WR
ALE ALE SSi RXA
cF 01 pis Pat TS KSERES
(203 P32 [— POWER
[7 P3.0 P1.7 RESET FAMILY
BA | > ;’; !
Bl
8 | <M
DA | >
oD RXCLK
o8 g’ TXCLK
— A
™ RESET
MC145406 _T_'5V
ci2
T

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serialinterface 22-pin versioncan
be used with other microcontrollers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

Inmost applications the controller willmonitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. Inthis
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232interface handshake lines are used formodem
control.

T
MIDCOM
671-8005 T
L.z
04
sl
u
N3s
D1 K ﬁ/- i
IN4004 V250120
R8 1
22K
R

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem'’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthe transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp atthe same amplitude as the signal
appearing at the transformer, making the transmit
sighal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use elimi-
nates the need for a second power supply. This circuit
(Figure 2) uses a bridged drive to allow undistorted
signals to be sent with a single 5 volt supply. Because
DTMF tones utilize a higher amplitude thandata, these

c1
390 pF

R4
374K 1%

R3
475 1%

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvert the signal coming from the gain settingop-amp
(U1B) before sending it to the other leg of the trans-
former. Each op-amp then supplies half the drive
signal to the transformer. The receive amplifier (U1C)
picks off its signal at the junction of the impedance
matching resistor and the transformer. Because the
bottom leg of the transformer is being driven in one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices
adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp Ut
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

W,

MIDCOM

cé R7
0.1 pF 20K 1% 750 pF

671-8005

R12
22K

FIGURE 2: Single 5V Hybrid Version
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Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a paraliel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily on the
crystal's characteristics, and to a lesser degree on the
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Good analog/digital design rules must be used to
control system noise in order to obtain highest perform-
ance in modem designs. The more digital circuitry
present on the PC board, the more this attention to
noise controlis needed. The modem shouldbe treated
as a high impedance analog device. A 22 pF elec-
trolytic capacitor in paraliel with a 0.1 pF ceramic ca-
pacitor between VDD and GND is recommended.
Liberal use of ground planes and larger traces on
powerand ground are also highly favored. High speed
digital circuits tend to generate a significant amount of
EMI (Electro-Magnetic Interference) which must be
minimized in order to meet regulatory agency limita-
tions. To accomplish this, high speed digital devices
should be locally bypassed, and the telephone line
interface and K-Series device should be located close
to each other near the area of the board where the
phone line connection is accessed. To avoid prob-
lems, power supply and ground traces should be
routed separately to the analog and digital functions on
the board, and digital signals should notbe routed near
low level or high impedance analogtraces. The analog
and digital grounds should only connect at one point
near the K-Series device ground pin to avoid ground
loops. The K-Series modem IC's should have both
high frequency and low frequency bypassing as close
to the package as possible.
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MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I” modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Concord Data Systems 224 as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a DPSK modem will exhibit
better BER-performance test curves receiving in the
low band than in the high band.

BER vs. Recelve Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl”
of these curves, taken at the BER point, is the measure
of dynamic range.
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= “EQ On" Indicates bit CR1 D4 is set for additional phase equalization.

** _ 73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202.
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“EQ On” Indicates bit CR1 D4 is set for additional phase equalization.
73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202.
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PACKAGE PIN DESIGNATIONS

(Top View)
cK [} 4 znp GND
X1 {2 27 [] RxA
; Xn2 0 a % [] VREF
T:Ez :gRXA ADo [} 4 * ] RESET
VREF a [ s ]
ISET
XTL1 ﬁ 3 2 [] RESET a2 1l e =) Axox
XTL2§4 ® (7 |SET s s Y
Ao (s % ] RXCLK s [ s 2] 70
A1 []s 17 1] RXD A5 ] o ERiR
Az(]7 16 ] T AD6 [ 1 19 [] EXCLK
DATA ] ® 1 [] EXCLK AD7 [| 1 18 [] TXCLK
WR[]e 14 [1 TXCLK AE [ 12 v ] WT
AO[w 18 ] NT WR[w 16 ] TXA
voo [} 2 ] ™A RO u v p voo 12 13 14 15 16 17 18
400-Mil 600-Mil 28-Lead
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K322L with Parallel Bus Interface
28-Pin 5 Volt Supply
Plastic Dual-In-Line 73K322L - IP 73K322L - IP
Plastic Leaded Chip Carrier 73K322L - IH 73K322L - IH
SSI 73K322L. with Serial Interface
22-Pin 5 Volt Supply
Plastic Dual-In-Line 73K3228L - IP 73K322SL - P

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting fromits use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 673-6914

1191 - rev.

Protected by the following Patents (4,691,172) (4,777,453)

1-247

©1989 Silicon Systems, Inc.



Notes:

1-248



A TDK Group Company

SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

Advance Information

DESCRIPTION

The SSI 73K324L is a highly integrated single-chip
modem IC which provides the functions needed to
design a quad-mode CCITT compatible modem
capable of operation over dial-up lines. The
SSI1 73K324L adds V.23 capability to the CCITT
modes of SSI's 73K224 one-chip modem, allowing a
one-chip implementation in designs intended for
European markets which require this added modula-
tion mode. The SS! 73K324L offers excellent perfor-
mance and a high level of functional integration in a
single 28-pin DIP. The device supports V.22bis, V.22,
V.21, and V.23 operating modes, allowing both syn-
chronous and asynchronous operation as defined by
the appropriate standard.

The SSI 73K324L is designed to appear to the
Systems Engineer as a microprocessor peripheral,
and will easily interface with popular one-chip
microcontrollers (80C51 typical) for control of modem
functions through its 8-bit multiplexed address/data
bus. A serial control bus is available for applications
not requiring a paraliel interface. An optional package
with only the serial control bus is also available. Data

communications occurs through a separate serial port.
(Continued)

November 1991
FEATURES

One-chip multi-mode CCITT V.22bls, V.22, V.21,
V.23 compatible modem data pump

FSK (75, 300/1200 bit/s), DPSK (600, 1200 bit/s), or
QAM (2400 bit/s) encoding

Pin and software compatible with other

SSI K-Serles family one-chip modems

Interfaces directly with standard microprocessors
(8048, 80C51 typical)

Serial and parallel microprocessor bus for control
Selectable asynch/synch with internal buffer/
debuffer and scrambler/descrambier functions

All synchronous (internal, external, slave) and
asynchronous operating modes

Adaptive equalization for optimum performance
over all lines

Programmable transmit attenuation (15 dB, 1 dB
steps), and selectable recelve boost (+18 dB)

Call progress, carrler, answer tone, unscrambled
mark, S1, SCT (900 Hz) calling tone (1300 Hz) and
signal quality monitors

DTMF, answer, calling, SCT and guard tone
generators

Test modes available: ALB, DL, RDL, Mark, Space
and Alternating bit patterns

CMOS technology for low power consumption
4-wire full duplex operation in all modes

1191 - rev.
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

DESCRIPTION (Continued)

The SSI 73K324L offers full hardware and software
compatibility with other products in Silicon Systems’
K-Series family of single-chip modems, allowing sys-
tem upgrades with a single component change. The
SSI 73K324L isidealforuse infree-standing orintegral
system modem products where full-duplex 2400 bit/s
operationwith alternate mode capability is required. Its
high functionality, low power consumption, and effi-
cient packaging simplify design requirements and
increase system reliability. A complete modem
requires only the addition of the phone line interface, a
control microprocessor, and RS-232 level converters
for a typical system.

The SSI 73K324L is designed to provide a complete
V.22bis, V.22, V.21, and V.23 compatible modemon a
chip. Many functions were included to simplify implem-
entation in typical modem designs. In addition to the
basic 2400 bit/s QAM, 1200/600 bit/s DPSK and 1200/
300/75 bit/s FSK modulator/demodulator sections, the
device also includes synch/asynch buffering, DTMF,
guard, and calling tone generator capabilities. Hand-
shake pattern detectors simplify control of connect
sequences, and precise tone detectors allow accurate
detection of call progress, answer back, and calling
tones. Alloperating modes defined by the incorporated
standards are included, and test modes are provided
for simplified diagnostics. Most functions are
selectable as options, and logical defaults are provided
whenoverride modes are activated. The device canbe
directly interfaced to a microprocessor via its 8-bit
multiplexed address/data bus for control and status
monitoring. Data communications takes place through
a separate serial port. Data may also be sent and
received through the control registers. This simplifies
designs requiring speed buffering, error control and
compression.

FUNCTIONAL DESCRIPTION

QAM MODULATOR/DEMODULATOR

The SSI 73K324L encodes incoming data into quad-
bits represented by 16 possible signal points with
specific phase and amplitude levels. The baseband
signal is then filtered to reduce intersymbol interfer-
ence on the bandlimited telephone network. The
modulator transmits this encoded data using either a
1200 Hz (originate mode) or 2400 Hz (answer mode)
carrier. The demodulator, although more complex,
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essentially reverses this procedure while also recover-
ing the data clock from the incoming signal. Adaptive
equalization corrects for varying line conditions by
automatically changing filter parameters to compen-
sate for line characteristics.

DPSK MODULATOR/DEMODULATOR

The SSI 73K324L modulates a serial bit stream into
di-bit pairs that are represented by four possible phase
shifts as prescribed by the Bell 212A/V.22 standards.
The baseband signal is then filtered to reduce inter-
symbol interference on the bandlimited 2-wire PSTN
line. Transmission occurs on either a 1200 Hz (origi-
nate mode) or 2400 Hz carrier (answer mode).
Demodulation is the reverse of the modulation pro-
cess, with the incoming analog signal eventually de-
coded into di-bits and converted back to a serial bit
stream. The demodulator also recovers the clock
which was encoded into the analog signal during
modulation. Demodulation occurs using either a
1200 Hz carrier (answer mode or ALB originate mode)
or a 2400 Hz carrier (originate mode or ALB answer
mode). The SSI 73K324L use a phase locked loop
coherent demodulation technique that offers excellent
performance. Adaptive equalization is also used in
DPSK modes for optimium operation with varying
lines.

FSK MODULATOR/DEMODULATOR

The FSK modulator/demodulator produces a fre-
quency modulated analog output signal using two
discrete frequencies to represent the binary data. V.21
frequencies of 980 and 1180 Hz (originate mark and
space), or 1650 and 1850 Hz (answer mark and space)
are used in V.21 mode. V. 23 mode uses 1300 and
2100 Hz forthe main channel or 390 and 450 Hz for the
back channel. Demodulation involves detecting the
received frequencies and decoding them into the
appropriate binary value. The rate converter and
scrambler/descrambler are bypassed in the FSK
modes.

PASSBAND FILTERS AND EQUALIZERS

High and low band filters are included to shape the
amplitude and phase response of the transmit and
receive signals and to provide compromise delay
equalization as well as rejection of out-of-band signals.
The transmit signal filtering corresponds to a ¥75%
raised cosine frequency response characteristic.
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem
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ASYNCHRONOUS MODE

The asynchronous mode is used for communication
with asynchronous terminals which may transfer data
at 600, 1200, or 2400 bit/s +1%, -2.5% even thoughthe
modem’s output s limited to the nominal bit rate £.01%.
When transmitting in this mode the serial data on the
TxD input is passed through a rate converter which
inserts or deletes stop bits in the serial bit stream in
order to output a signal that is the nominal bit rate
+.01%. This signal is then routed to a data scrambler
and into the analog modulator where di-bit or quad-bit
encoding results in the output signal. Both the rate
converter and scrambler can be bypassed for hand-
shaking, FSK, and synchronous operation as
selected. Received data is processed in a similar
fashion except that the rate converter now acts to
reinsert any deleted stop bits and output data to the
terminal at no greater than the bit rate plus 1%. An
incoming break signal (low through two characters) will
be recognized in accordance with the appropriate
standard and passed through without incorrectly
inserting a stop bit.

The SYNC/ASYNC converter has an extended
overspeed mode which allows selection of an output
speed range of either +1% or +2.3%. In the extended
overspeed mode, some stop bits are output at 7/8 the
normal width.

Similar to the transmit side, both the SYNC/ASYNC
rate converter and the data descrambler are bypassed
in the FSK modes.

SYNCHRONOUS MODE

Synchronous operation is possible only in the QAM or
DPSK modes. Operation is similar to that of the
asynchronous mode exceptthat data mustbe synchro-
nized to a clock and no variation in data transfer rate is
allowable. Serialinput data appearing at TXD must be
valid on the rising edge of TXCLK.

TXCLK is an internally derived 1200 or 2400 Hz signal
in internal mode and is connected internally to the
RXCLKpininslave mode. Receive data atthe RXD pin
is clocked out on the falling edge of RXCLK. The
asynch/synch converter is bypassed when synchro-
nous mode is selected and data is transmitted out at
essentially the same rate as it is input.

PARALLEL BUS INTERFACE

Seven 8-bit registers are provided for control, option
select, and status monitoring. These registers are
addressed with the ADO, AD1, and AD2 multiplexed
address lines (latched by ALE) and appear to a control
microprocessor as seven consecutive memory loca-
tions. Six contol registers are read/write. The status
detect and ID register are read only and cannot be
modified except by modem response to monitored
parameters.

SERIAL COMMAND INTERFACE

The serial command mode allows access to the
SSI 73K324 control and status registers via a serial
command port. Inthis mode the A0, A1, and A2 lines
provide register addresses for data passed throughthe
data pin under control of the RD and WR lines. A read
operationis initiated when the RD line is taken low. The
next eight cycles of EXCLK will then transfer out eight
bits of the selected addresss location LSB first. Awrite
takes place by shifting in eight bits of data LSB first for
eight consectuive cycles of EXCLK. WRis then pulsed
low and data transfer into the selected register occurs
on the rising edge of WR.

TONE GENERATOR

The tone generator will output one of 16 standard dual
tones determined by a 4-bit binary value and TX DTMF
mode bit previously loaded into the tone register.
Guard, answer, SCT and calling tones are also pro-
vided by this section.

FULL DUPLEX OPERATION

Four-wire full duplex operation is allowed in all modes.
This feature allows transmission and reception in the
same band for four wire applications only.
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SSI 73K324L

CCITT V.22bis, V.22, V.21, V.23

Single-Chip Modem

PIN DESCRIPTION

POWER

NAME 28-PIN | 32-PIN | TYPE | DESCRIPTION

GND 28 32 | System Ground.

VDD 15 17 | Power supply input, 5V £10%. Bypass with 0.22 uF and 22 uF
capacitors to GND.

VREF 26 30 (0] An internally generated reference voltage. Bypass with .1 uF
capacitor to GND.

ISET 24 27 | Chip current reference. Sets bias current for op-amps. The chip
current is set by connecting this pin to VDD through a 2 MQ
resistor. Iset should be bypassedto GND with a 0.22 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

NAME 28-PIN | 32-PIN | TYPE | DESCRIPTION

ALE 12 14 | Address latch enable. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADO-AD7| 4-11 4,6-12 10 Address/databus. These bidirectional tri-state multi-plexed lines
carry information to and from the internal registers.

CsS 20 23 | Chip select. A low on this pin allows a read cycle or a write cycle
to occur. ADO-AD7 will not be driven and no registers will be
written if CS (latched) is not active. CS is latched on the falling
edge of ALE.

CLK 1 1 (o] Output clock. This pin is selectable under processor control to be
either the crystal frequency (for use as a processor clock) or 16 x
the data rate for use as a baud rate clock in QAM/DPSK modes
only. The pin defaults to the crystal frequency on reset.

INT 17 19 (o] Interrupt. This open drain weak pullup, output signal is used to
inform the processor that a detect flag has occurred. The
processor must then read the detect register to determine which
detect triggered the interrupt. INT will stay active until the pro-
cessor reads the detect register or does a full reset.

RD 14 16 | Read. A low requests a read of the SSI 73K324L internal
registers. Data cannot be output unless both RD and the latched
CS are active or low.

RESET 25 28 | Reset. An active signal high on this pin will put the chip into an
inactive state. All control register bits (CR0, CR1, CR2, CR3,
Tone) will be reset. The output of the CLK pin will be set to the
crystalfrequency. Aninternal pulldown resistor permits poweron
reset using a capacitor to VDD.

WR 13 15 I Write. Alow onthis informs the SSI 73K324L that data s available
on ADQ-AD? for writing into an internal register. Data is latched
onthe rising edge of WR. No data is written unless both WR and
the latched CS are low.

Note: The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this

configuration AD7 becomes DATA and ADO, AD1 and AD2 become A0, At and A2, respectively.
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

RS-232 INTERFACE

NAME 28-PIN | 32-PIN | TYPE | DESCRIPTION

EXCLK 19 22 | External Clock. This signal is used in synchronous transmission
whenthe externaltimingoption has been selected. Inthe external
timing mode the rising edge of EXCLK is used to strobe synchro-
nous DPSK transmit data available on the TXD pin. Also used for
serial control interface.

RXCLK 23 26 o/ Receive Clock Tri-statable. The falling edge of this clock output
Tri-state | is coincidentwiththe transitions inthe serial received DPSK/QAM
data output. The rising edge of RXCLK can be used to latch the
valid output data. RXCLK will be valid as long as a carrier is
present. In V.23 or V.21 mode a clock which is 16 x 1200/75 or
16 x 300 Hz data rate is output, respectively.

RXD 22 25 (0] Received Data Output. Serial receive datais available onthis pin.
The data is always valid on the rising edge of RXCLK when in
synchronous mode. RXD will output constant marks if no carrier
is detected.

TXCLK 18 20 o/ Transmit Clock Tri-statable. This signal is used in synchronous
Tri-state | DPSK/QAM transmissionto latch serialinput data onthe TXD pin.
Data must be provided so that valid data is available onthe rising
edge of the TXCLK. The transmit clock is derived from different
sources depending upon the synchronization mode selection. In
Internal Mode the clock is generated internally (2400 Hz for QAM,
1200 Hz for DPSK or 600 Hz for half-speed DPSK). In External
Mode TXCLK is phase locked to the EXCLK pin. In Slave Mode
TXCLK is phase locked to the RXCLK pin. TXCLK is always
active. In V.23 or V.21 mode the output is a 16 x 1200/75 or 16
x 300 Hz clock, respectively.

TXD 21 24 | Transmit Data Input. Serial data for transmission is input on this
pin. In synchronous modes, the data must be valid on the rising
edge of the TXCLK clock. In asynchronous modes (2400/1200/
600 bit/s or 300 baud) no clocking is necessary. DPSK/QAM data
must be +1%, -2.5% or +2.3%, -2.5 % in extended overspeed
mode.

ANALOG INTERFACE

RXA 27 32 | Received modulated analog signal input from the phone line.
TXA 16 18 (0] Transmit analog output to the phone line.
i
l

XTL1 2 These pins are for the internal crystal oscillator requiring a
XTL2 3 11.0592 MHz parallel mode crystal. Two capacitors from these
pins to ground are also required for proper crystal operation.
Consult crystal manufacturer for proper values. XTL2 canalsobe
driven from an external clock.

wn
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

REGISTER DESCRIPTIONS

Seven8-bit internal registers are accessible for control
and status monitoring. The registers are accessed in
read or write operations by addressing the A0, A1 and
A2 address lines in serial mode, or the ADQ, AD1 and
AD2 lines in parallel mode. The address lines are
latched by ALE. Register CR0 controls the method by
which data is transferred over the phone line. CR1
controls the interface betweenthe microprocessor and

REGISTER BIT SUMMARY

the SSI 73K324L internal state. DR is a detect register
which provides an indication of monitored modem
status conditions. TR, the tone control register, con-
trols the DTMF generator, answer guard tones, SCT,
calling tone, and RXD output gate used in the modem
initial connect sequence. CR2 is the primary DSP
controlinterface and CR3 controls transmit attenuation
and receive gain adjustments. All registers are read/
write except for DR and ID which are read only.
Register control and status bits are identified below:

ADDRESS DATA BIT NUMBER
REGISTER AD- A0 o7 06 s D4 03 D2 D1 Do
CONTROL MODULATION | MODULATION | TRANSMIT | TRANSMIT | TRANSMIT | tpansmit | ANswem
REGITER R0 | 000 Mmoo TP TP MoDE MooE MODE ENABLE ORIGINATE
CONTROL TRANSMIT | TRANSMIT ENABLE | sonmbLER oK TEST TEST
REGISTER CR1 | o001 PATIERN | PATTERN DETECT | anppitEG. | CONTROL RESET MODE MODE
1 1 ° INTERRUPT v.23) 1 °
DETECT RECEIVE PATTERN | RECEIVE UNSCR. CARRIER SPECIAL ShuL SIGNAL
REGISTER DR| o010 MARK TONE PROGRESS
LEVEL S10€7 DATA DETECT DETECT DETECT DETECT GuALTY
TRANSMIT
TONE AXD TRANSMIT DTMFO/GUARD/
CONTROL  TR| o1 outpur | SO TONE | answem | TRANSMIT DTMFS | R | ovoiRt o | ANSWER/
REGISTER CONTROL TONE TONE CALLING/SCT
CONTROL SPECIAL
CALL TRANSMIT RESET TRAIN EQUALIZER
REGISTER CR2 | 100 ° REGISTER | aTialize s1 16 WAY e INFIBIT ENABLE
2 ACCESS
CONTROL TX/RX RECEIVE | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT
REGISTER CR3 | 101 TXDALT CLOCK ° GAIN ATTEN, ATTEN, ATTEN. ATTEN.
3 CONTROL BOOST 3 2 1 °
SPECIAL XD sa sa
REGISTER SR | 101 TXBAUD RX UNSCR. SOURCE SELECT1 | SELECTO
cLock DATA
D
REGISTER  ID| 110 D ) ) USER DEFINABLE PERSONALITY

NOTE: When a register containing reserved control
bits is written into, the reserved bits must be
programmed as 0's.
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SSI 73K324L
CCITT V.22his, V.22, V.21, V.23
Single-Chip Modem

REGISTER ADDRESS TABLE

ADDRESS DATA BIT NUMAER
[ mecisves | ap2-ano v | e [ bs >4 s | o0z | m )
GONTROL MOQULATION | MOOULATION | MODULATION | TRANsiaT | TRAnsMT | Transir | TRanswr | nswery
REGISTER  CRO 000 OPTION TYPE “PE MODE MODE ENABLE ORIGINATE
o 1 e 1 °
l_ oo _l_ 0000-PWWR DOWN _______I O-DISABLE  0-ANSWER
QAM: 0=2400 BIT/S 0001=INT SYNCH TXA OUTPUT  1=ORIGINATE
Roviuriod it S ey 0010-EXT SYNCH 1-ENABLE V.
12800 BT7S 0011-SLAVE SYNCH TXACUTPUT 0-8C xmit
FSK: 0-V.23 0100-AS YCH 8 BITS/CHAR 12MG xmit
1V 21 0101-ASYCH 9 BITSCHAR

0110=ASYCH 10 BITS/CHAR
0111=ASYCH 11 BITS/CHAR

1X00=F8K
BYPASS
CONTROL TRANSMIT | TRANSMIY ENABLE | gooamBLer CLK rr TEST
REGISTER CR1| 001 PATTERN PATTERN DETECT | ‘ADp R Ea, | CONTROL RESET MoDE
1 1 ) INTERRUPT Wz we
00=TX DATA _, 0=OFF 0=NORMAL  0=XTAL 0=NORMAL L AL___l
01=TX ALTERNATE 1=0N 1=BYPASS 116 XDATA  1-RESET 01-ANALOG LOOPBACK
10-TX MARK SCRAMBLER RATE OUTPUT 10-REMOTE DIGITAL
11=TX SPACE AT CLKPININ
QAMDPSK 11-LOCAL DITAL
MODE ONLY LOOPBACK
DETECT RECEIVE ) RECEIVE UNSCR. CARRIER SPECIAL o SIGNAL
REGISTER DR| 010 LEVEL PATTERN DATA MARKS DETECT TONE TONE QUALITY
INDICATOR DETECT DETECT DETECT DETECT | INDICATOR
0=SIGNAL 0=NOT PRESENT OUTPUTS L ocovomonnoroereces —— 1 o-600D
BELOW 1-PATTERN  RECEIVED 1-CONDITION DETECTED 1=BAD
THRESHOLD ~ FOUND DATA STREAM
1=ABOVE
THRESHOLD
TONE RXD AN | ranswr | vRanswr DTMFY DTMEY o
CONTROL L] (-] OUTPUT CALLING/ ANSWER DTMF DTWF3 V.23 FDX OVERSPEED |  anawER/
REGISTER ConTRoL | GHRTOE TONE CALLING'SCT
RXD PIN 0=OFF 0=0FF 1rome L, arcope Fory ore—— |
0=NORMAL 1-ON 1=0N DUAL YONE COMBINATIONS GUARD: 0- 1800 HZ
1=TRI-STATE | 1-650 HZ
0=NORMAL OPERATION ANSWER: 0 - 2225 HZ
1=ALLOWS V.23 FULL 1-2100 HZ
DUPLEX OPERATION CALLING: 0- 1300 HZ
SCT:  1-900HZ
CONTROL SPECIAL CALL TRANSMIT RESET TRAIN EQUALIZER
REGISTER CR2| 100 MUSTBEO | REGSTER | INmALIZE st 16 WAY DSP INHIBIT ENABLE
2 ACCESS
0=ACCESS CR3 0=DSPIN 0=NORMAL  0-RX<TX  0:DSP 0=ADAPTEQ  0-ADAPT EQ
1=ACCESS DEMODMODE ~ DOTTNG  1-RX=16WAY  INACTIVE ACTIVE ININIT
SPECIAL 1=DSPINCALL  1=S1 1=08P 1=ADAPTEQ  1=ADAPT EQ
REGISTER PROGRESS ACTIVE FROZEN OKTO AD.
CONTROL TWRX RECEIVE TRANSMIT | TRANsmT | TRANSMIT | TRANSMT
REGISTER CR3| 101 TXDALT CLOCK ° GAIN ATTEN. A'I’TEN. ATTEN. ATTEN,
3 CONTROL 8008T 3 1 °
0=CLOCK 0-NOBOOST L 0000-1111, SETS
DRIVEN 1218 dB BOOST TRANSMIT ATTENUATOR
1=CLOCK 1608 RANGE
TRISTATE DEFAULT=0100.= -10 doMO
SPECIAL TX BAUD RX UNSCR. sa so
REGISTER SR 101 ©cLOCK DATA SELECT1 SELECTO
ouTPUTS OUTPUTS 0=TXD PIN I— _J
TXBAUD UNSCR. 1=TX DATA 5
CLOCK DATA CR3-D7 Dosio" BER
01410 BER
10=104 BER
11103 BER
D
REGISTER 10| 110 ] ] D D

00XX=73K212, 322, 321
01XX=73K221, 302
10XX=73K222
1100=73K224

1110=73K324
1101=73K312
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

CONTROL REGISTER 0

D7 D6 D5 D4

D3 D2 D1 DO

MODUL.
TYPEO

CRO
000

MODUL.
OPTION

MODUL.
TYPE 1

TRANSMIT
MODE 2

TRANSMIT
MODE 1

TRANSMIT
MODE 0

TRANSMIT
ENABLE

ANSWER/
ORIGINATE

BIT NO. NAME CONDITION

DESCRIPTION

DO Answer/ 0

Originate

Selects answer mode (transmit in high band, receive in
low band or in V.23 HDX mode, receive at 1200 bit/s
and transmit at 75 bit/s.)

Selects originate mode (transmit in low band,receive in
highband orin V.23 HDX mode, receive at 75 bit/s and
transmit at 1200 bit/s.)

Note: This bit works with Tone Registerbits DO and D6
to program special tones detected in the Detect
Register. See Detect and Tone Registers.

D1 Transmit 0

Disables transmit output at TXA.

Enable 1

Enables transmit output at TXA.

Note: Transmit Enable must be set to 1 to allow
activation of Answer Tone, DTMF, or Carrier.

D5 D4 D3 D2
0 0 0 O

D5, D4,
D3, D2

Transmit
Mode

Selects power down mode. All functions
disabled except digital interface.

0 0 0 1

Internal synchronous mode. In this mode TXCLK is an
internally derived 600, 1200 or 2400 Hz signal. Serial
input data appearing at TXD must be valid on the rising
edge of TXCLK. Receive data is clocked outof RXD on
the falling edge of RXCLK.

External synchronous mode. Operation is identical to
internal synchronous, but TXCLK is connected inter-
nally to EXCLK pin, and a 600, 1200 or 2400 Hz clock
must be supplied externally.

Slave synchronous mode. Same operation as other
synchronous modes. TXCLK is connectedinternally to
the RXCLK pin in this mode.

Selects asynchronous mode - 8 bits/character (1 start
bit, 6 data bits, 1 stop bit).

Selects asynchronous mode - 9 bits/character (1 start
bit, 7 data bits, 1 stop bit).

Selects asynchronous mode - 10 bits/character (1 start
bit, 8 data bits, 1 stop bit).

Selects asynchronous mode - 11 bits/character (1 start
bit, 8 data bits, Parity and/or 1 or 2 stop bits).

Selects FSK operation.

1-256
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SSI1 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

CONTROL REGISTER 0 (Continued)

BIT NO. NAME CONDITION DESCRIPTION
D6 D5
D6,D5 Modulation 10 QAM
Type 0 o DPSK
0 1 FSK
D7 Modulation 0 QAM selects 2400 bit/s. DPSK selects 1200 bit/s.
Option FSK selects V.23 mode.
1 DPSK selects 600 bit/s.
FSK selects V.21 mode.
CONTROL REGISTER 1
D7 Dé D5 D4 D3 D2 D1 DO
TRANSMIT TRANSMIT | ENABLE | BYPASS CLK TEST | TEST
CR1 PATTERN PATTERN DETECT | SCRAMB/|CONTROL | RESET | MODE | MODE
001 1 0 INT. ADD PH.EQ 1 0
BIT NO. NAME CONDITION DESCRIPTION
D1 DO
D1, D0 Test Mode 0 0 Selects normal operating mode.

0 1 Analog loopback mode. Loops the transmitted analog
signal back to the receiver, and causes the receiver to
use the same center frequency as the transmitter. To
squelch the TXA pin, transmit enable bit must be low.
Tone Register bit D2 must be zero.

1 0 Selects remote digital loopback. Received datais looped
back to transmit data internally, and RXD is forced to a
mark. Data on TXD is ignored.

1 1 Selects local digital loopback. Internally loops TXD back
to RXD and continues to transmit data carrrier at TXA pin.

D2 Reset 0 Selects normal operation.

1 Resets modem to power down state. All control register
bits {CR0, CR1, CR2, CR3 and Tone) are reset to zero
except CR3 bit D2. The output of the clock pin will be set
to the crystal frequency.

D3 CLK Control 0 Selects 11.0592 MHz crystal echo output at CLK pin.
(Clock Control) 1 Selects 16 X the data rate output at CLK pin in QAM and
DPSK only.

191 -rev.
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SSI173K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

CONTROL REGISTER 1 (Continued)

D7

D6

D5

D4

D3

D2

D1

DO

CR1
001

TRANSMIT
PATTERN
1

TRANSMIT
PATTERN
0

ENABLE
DETECT
INT.

BYPASS
SCRAMB/
ADD PH.EQ.

CLK
CONTROL

RESET

TEST
MODE

TEST
MODE

BIT NO.

NAME

CONDITION

DESCRIPTION

D4

Bypass
Scrambler/
Add Ph. Eq.

0

Selects normal operation. DPSK and QAM data is
passed through scrambler.

1

Selects Scrambler Bypass. DPSK data is routed around
scrambler in the transmit path. In the V.23 mode,
additional phase equalization is added to the main chan-
nel filters when D4 is set to 1.

D5

Enable Detect
Interrupt

Disables interrupt at INT pin. All interrupts are normally
disabled in power down mode.

Enables INT output. An interrupt will be generated with
achange in status of DR bits D1-D4 and D6. The answer
tone and call progress detect interrupts are masked
when the TX enable bit is set. Carrier detect is masked
when TX DTMF is activated. All interrupts will be dis-
abled if the device is in power down mode.

D7, D6

Transmit
Pattern

D7 D6
0 o0

Selects normal data transmission as controlled by the
state of the TXD pin.

Selects an alternating mark/space transmit pattern for
modem testing and handshaking. Also used for S1
pattern generation. See CR2 bit D4.

Selects a constant mark transmit pattern.

Selects a constant space transmit pattern.
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DETECT REGISTER
D7 D6 D5 D4 D3 D2 D1 DO
DR | RECEIVE St RECEIVE | UNSCR. | CARRIER [SPECIAL | CALL | SIGNAL
010 LEVEL |PATTERN DATA MARK | DETECT | TONE PROG. | QUALITY
INDICATOR | DETECT DETECT DETECT | DETECT | INDICATOR
BIT NO. NAME CONDITION DESCRIPTION
DO Signal Quality 0 Indicates normal received signal.
Indicator 1 Indicates low received signal quality (above average error
rate). Interacts with special Register SQ bits D1, DO.
D1 Call Progress 0 No cali progress tone detected.

Detect 1 Indicates presence of call progress tones. The call
progress detection circuitry is activated by energy in the
normal 350 to 620 Hz call progress band.

D2 Special Tone 0 Condition not detected
Detect 1 Condition detected
CRO DO | TR DOJCR2 D5
1 0 1 2225 Hz +10 Hz answer tone detected in V.22bis, V.22,
V.21 modes.
1 1 1 2100 Hz £21 Hz answer tone detected in V.22bis, V.22,
V.21 modes.
0 0 1 1300 Hz calling tone detected in V.22 bis, V.22, V.21, V.23
modes.
0 X 0 900 Hz SCT tone detected in V.23 mode.
D3 Carrier Detect 0 No carrier detected in the receive channel.
1 Indicated carrier has been detected in the received
channel. Should be time qualified by software.
D4 Unscr. Mark 0 No unscrambled mark bring received.
Detect 1 Indicates detection of unscrambled marks in the received
data. Should be time qualified by software.
D5 Receive Continuously outputs the received data stream.
Data This data is the same as that output on the RXD pin, but it
is not disabled when RXD is tri-stated.
D6 S1 Pattern 0 No S$1 pattern being received.

Detect 1 S1 pattern detected. Should be time qualified by software.
S1 is an unscrambled double dibit (11001100...) sent in
DPSK 1200 bit/s mode.

D7 Receive Level 0 Received signal level below threshold,
Indicator = -25 dBm0);can use receive gain boost (+18 dB.)
1 Received signal above threshold.

1191 - rev.

1-259




SSI173K324L
CCITT V.22bis, V.22, V.21, V.23

Single-Chip Modem
TONE REGISTER
D7 Dé D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ DTMF o/
TR | OUTPUT | GUARD/ ANSWER DTMF DTMF 3| DTMF 2/ | OVER- | G.T/ANSW.
011 | CONTR. [CALLING/SCT] TONE FDX SPEED |CALLING/SCT
TONE TONE/SEL
BIT NO. NAME CONDITION DESCRIPTION
D6 D5 D4 DO D0 interacts with bits D6, D5, D4, and CRO as shown.
DO, D4, DTMF 0/ X X 1 X Transmit DTMF tones (overides all other functions).
DS, D& ﬂ‘;ﬁ;’gr-'__l%':‘eé | 1000 Select 1800 Hz guard tone if in V.22bis or V.22 and
Calling/SCT/ answer mode in CRO.
Tone/ 10 0 1 Select 550 Hz guard tone if in V.22bis or V.22 and
Transmit/ answer mode in CRO.
Select Note: Bit DO also selects the answer tone detected in originate mode, see

Detect Register Special Tone Detect (bit D2) for details.

1 0 0 O 1300 Hz calling tone will be transmittted if V.21, V.22,
V.22bis or V.23 originate mode is selected in CRO.
X 1 0 0 Transmit 2225 Hz Answer Tone. Must be in DPSK
answer mode.
X 1 0 1 Transmit 2100 Hz Answer Tone. Must be in DPSK
answer mode.
1 0 0 1 900 Hz SCT (soft carrier turnoff) tone transmitted in
V.23 75 bit/s receive mode. (CRO bit DO = 1).
D1 D4 D1 D1 interacts with D4 as shown.
DTMF 1/ 0 0 Asynchronous QAM/DPSK +1% -2.5%.
Overspeed 0 1 Asynchronous QAM/DPSK, 2400, 1200 or 600 bit/s
+2.3% -2.5°/o.
D2 D4 D2
DTMF 2/ 0 0 ~ Selects 2-wire full-duplex or half-duplex.
FDX 0 1 Selects 4-wire full-duplex in the mode selected by CRO

D7-D5, DO (for remote analog loopback testing).

Note: DTMFQ - DTMF2 should be setan appropriate state after DTMF dialing to avoid inadvertant unintended
operation.
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TONE REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF 1/ DTMF 0o/
TR | OUTPUT GUARD/ ANSWER DTMF DTMF 3 [DTMF 2/ | OVER- GUARD/
011| CONTR. [CALLING/SCT| TONE FDX SPEED |CALLING/SCT
TONE TONE SEL
BIT NO. NAME CONDITION DESCRIPTION
D3, D2, DTMF 3, D4 =1 Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 transmitted when TX DTMF and TX enable bit (CRO, bit
D1) is set. Tone encoding is shown below:
KEYBOARD DTMF CODE TONES
EQUIVALENT D3 D2 D1 DO LOW HIGH
1 0 0 0 1 697 1209
2 0 0 1 0 697 1336
3 00 1 1 697 1477
4 0 1 0 O 770 1209
5 0 1t 0 1 770 1336
6 0 1 1 0 770 1477
7 01 1 1 852 1209
8 1 0 0 O 852 1336
9 1.0 0 1 852 1477
0 1 0 1 0 941 1336
* 10 1 1 941 1209
# 1 1 0 0 941 1477
A 1 1 0 1 697 1633
B 11 1 0 770 1633
C 11 1 1 852 1633
D 0 0 0 0 941 1633
D7 RXD Output 0 Enables RXD pin. Receive data will be output on
Control RXD.
1 Disables RXD pin. The RXD pin reverts to a high
impedance with internal weak pull-up resistor.
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CONTROL REGISTER 2
D7 D6 D5 D4 D3 D2 D1 DO
CR2 SPEC CALL | TRANSMIT TRAIN | EQUALIZER
100 0 REG INIT S1 16 WAY RESET INHIBIT ENABLE
ACCESS DSP
BIT NO. NAME CONDITION DESCRIPTION
DO Equalizer 0 The adaptive equalizer is in its initialized state.
Enable 1 The adaptive equalizer is enabled. This bit is used in
handshakes to control when the equalizer should
calculate its coefficients.
D1 Train 0 The adaptive equalizer is active.
Inhibit 1 The adaptive equalizer coefficients are frozen.

D2 RESET DSP 0 The DSP is inactive and all variables are initialized.

1 The DSP is running based on the mode set by other
contro! bits

D3 16 Way 0 The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode).

1 The receiver, independent of the transmitter, is forced -
into a 16 point decision plane. Used for QAM hand-
shaking.

D4 Transmit 0 The transmitter when placed in alternating mark/space

St mode transmits 0101 . . . . scrambled or not dependent
on the bypass scrambler bit and modulation mode.

1 When this bit is 1 and only when the transmitter is
placedin alternating mark/space mode by CR1 bits D7,
D6, an unscrambled repetitive double dibit pattern of
00 and 11 at 1200 bit/s (S1) is sent.

D5 Call Init 0 The DSP is setup to do demodulation and pattern
detectionbasedonthe various mode bits. Answertone
bandwidth 2100 Hz +10 Hz, 2225 Hz £1%.

1 The DSP decodes answer, call progress, calling tones
and unscrambled mark. 2100 Hz answer tone +1%,
2225 Hz £10 Hz.

D6 Special 0 Normal CR3 access.

RAeglster 1 Setting this bit and addressing CR3 allows access to
ceess the SPECIAL REGISTER. See the SPECIAL REG-
ISTER for details.
D7 N/A 0 Must be 0 for normal operation.
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CONTROL REGISTER 3
D7 D6 D5 D4 D3 D2 D1 DO
CR3 |TXDALT| TX/RX RECEIVE | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT
101 CLOCK 0 ENABLE ATTEN. ATTEN. ATTEN. ATTEN.
CONTROL BOOST 3 2 1 0
BIT NO. NAME CONDITION DESCRIPTION
D3 D2 D1 DO
D3, D2, Transmit 0 0 0 O- Sets the attenuation level of the transmitted signal
D1,D0 Attenuator 1 1 1 1 in 1dB steps. The default (D3-D0=0100) is for a
transmit level of -10 dBmO with the recommended 2 dB
hybrid transmit gain. The total range is 16 dB.
D4 Receive 0 18 dB receive front end boost is not used.

Gain Boost Boost is in the path. This boost does not change
reference levels. ltis usedto extend dynamic range by
compensating for internally generated noise when
receivingweak signals. The receive level detect signal
and knowledge of the hybrid and transmit attenuator
setting will determine when boost should be enabled.

D5 Not Used 0 Not used. Only write zeros this location.
D6 RX/TX Clock RX/TX Clock Tristate control. Controls output state of
Control TXCLK and RXCLK.
0 Outputs driven
1 Outputs in Tristate mode
D7 TXDALT N/A Alternate TX data source. See Special Register.
SPECIAL REGISTER
D5 D3 D2 D1
SR RXUN- TXD SIGNAL SIGNAL
101 DSCR SOURCE | QUALITY | QUALITY
DATA LEVEL LEVEL
SELECT1 | SELECTO
BIT NO. NAME DESCRIPTION
D7, D4, DO NOT USED AT THIS TIME. Only write ZEROs to these bits.
Dé TXBAUD CLK | TXBAUD clock is the transmit baud-synchronous clock that can be used to
synchronize the input of arbitrary quad/di-bit patterns. The rising edge of
TXBAUD signals the latching of a baud-worth of data internally. Synchronous
data to be entered via the TXDALT bit, CR3 bit D7, should have data
transitions that start 1/2 bit period delayed from the TXBAUD clock edges.
D5 RXUNDSCR This bit outputs the data received before going to the descrambler. This is
DATA useful for sending special unscrambled patterns that can be used for signal-

ing.
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SPECIAL REGISTER (Continued)

BIT NO. NAME DESCRIPTION
D3 [TXD SOURCE | This bit selects the transmit data source; either the TXD pin if ZERO or the
TXDALT if this bitis a ONE. The TRANSMIT PATTERN bits D7 and D6in CR1
override either of these sources.
D2, D1 SIGNAL The signal quality indicator is a logical zero when the signal received is
QUALITY acceptable for low error rate reception. It is determined by the value of the
LEVEL Mean Squared Error (MSE) calculated in the decisioning process when
SELECT compared to a given threshold. This threshold can be setto fourlevels of error
rate. The SQI bit will be low for good or average connections. As the error
rate crosses the threshold setting, the SQI bit will toggle at a 1.66 ms rate.
Toggling will continue until the error rate indicates that the data pump has lost
convergence and a retrain is required. Atthat point the SQlI bit will be a ONE
constantly. The SQI bit and threshold selection are valid for QAM and DPSK
only.
TYPICAL
D2 D1 THRESHOLD VALUE UNITS
0 0 108 BER (default)
0 1 10® BER
1 0 10 BER
1 1 10° BER

NOTE: This register is "mapped" and is accessed by setting CR2 bit D6 to a ONE and addressing CR3. This
register provides functions to the 73K324L user that are not necessary in normal communications.
Bits D7-D4 are read only, while D3-D0 are read/write. To return to normal CR3 access, CR2 bit D6
must be returned to a ZERO.

ID REGISTER
D7 Dé D5 D4
ID ID ID ID 1D
10| 3 2 1 0
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, D6, D5, Device 0 0 X X SSI 73K212(L) or 73K322L or 73K321L
D4 Identification 0 1 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SSI 73K222(L)
11 0 0 SSI 73K224L
i1 10 SSI 73K324L
11 0 1 SSI 73K312L
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SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23

Single-Chip Modem
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 7 v
Storage Temperature -65to0 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 \

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX | UNITS
VDD Supply voltage 4.5 5 55 \
External Components (Refer to Application section for placement.)
VREF Bypass capacitor (VREF to GND) 0.22 pF
Bias setting resistor (Placed between VDD
and ISET pins) 1.8 2 2.2 MQ
ISET Bypass capacitor (ISET pin to GND) 0.22 uF
VDD Bypass capacitor 1 (VDD to GND) 0.22 uF
VDD Bypass capacitor 2 (VDD to GND) 22 uF
XTL1 Load Capacitance Depends on crystal requirements 20 40 pF
XTL2 Load Capacitance Depends on crystal requirements 20 40 pF
Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %
external clock
TA, Operating Free-Air -40 55 °C
Temperature
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DC ELECTRICAL CHARACTERISTICS
(TA = -40°C to 70°C, VDD =recommended range unless otherwise noted.)

PARAMETER CONDITIONS MIN NOM MAX | UNITS
IDD, Supply Current CLK = 11.0592 MHz
ISET Resistor = 2 MQ
IDD1, Active 30 mA
1DD2, Idle 5 mA
Digital Inputs
VIL, Input Low Voltage 0.8 \'
VIH, Input High Voltage
All Inputs except Reset 2.0 vDD \
XTL1, XTL2
Reset, XTL1, XTL2 3.0 VDD v
IIH, Input High Current Vi=VDD 100 MHA
IiL, Input Low Current Vi= 0V -200 uA
Reset Pull-down Current Reset = VDD 5 50 WA
Digital Outputs
VOH, Output High Voltage | [0 = IOH Min 2.4 vDD \
10UT =-0.4 mA
VOL, Output Low Voltage 1I0=10UT=16mA 0.4 v
RXD Tri-State Pull-up Curr. | RXD = GND -2 -50 uA
Capacitance
Maximum Capacitive Load
CLK 15 pF
Input Capacitance Ali Digital Inputs 10 pF
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DYNAMIC CHARACTERISTICS AND TIMING
(TA =-40°C to +85°C, VDD = recommended range unless otherwise noted.)

PARAMETERS CONDITIONS | min | Nom | max | units
QAM/DPSK Modulator
Carrier Suppression Measured at TXA 35 dB
Output Amplitude TX scrambled marks -10.75| -10.0 -9.25 dBmo0
ATT=0100 (default)
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -17 +.02 %
Transmit Level ATT = 0100 (Default) -11.5| -10.0 -9 dBmo0
Transmit Dotting Pattern
Output Distortion All products through BPF -45 dB
Output Bias Distortion Transmit Dotting Pattern +10 %
in ALB @ RXD
Jitter Transmit Dotting Pattern +10 %
in ALB @ RXD
2100 Hz Answer Tone Generator
Output Amplitude ATT = 0100 (Default Level) -11.5 -10 -9 dBmO0
Not in V.21 or V.23 Mode
Output Distortion All products though BPF -40 dB

NOTE: Parameters expressed in dBm0 refer to the following definition:
0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.

Refer to the Basic Box Modem diagram in the Applications section for the DAA design.

DTMF Generator Not in V.21 or V.23 mode
Freq. Accuracy -0.03 +.25 %
Output Amplitude Low Band, ATT = 0100 -10 -8 dBmo
Output Amplitude High Band, ATT = 0100 -8 -6 dBmo
Twist High-Band to Low-Band 1.0 2.0 3.0 dB
Receiver Dynamic Range Refer to Performance Curves -43 -3.0 dBmo
Call Progress Detector In Call Init mode
Detect Level 460 Hz test signal -34 0 dBmo0
Reject Level -40 dBmo
Delay Time -70 dBmoO to -30 dBm0 STEP 25 ms
Hold Time -30 dBmO to -70 dBm0 STEP 25 ms
Hysteresis 2 dB
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DYNAMIC CHARACTERISTICS AND TIMING (continued)

PARAMETERS CONDITIONS MIN NOM MAX UNITS
Catrier Detect
Threshold QAM/DPSK or FSK receive data -48 -43 dBm0
Hysteresis - All Modes 2 dB
Delay Time | FSK, DPSK | -70 dBm0 to -6 dBm0 10 30 ms
or QAM
Hold Time | FSK, DPSK
or QAM -6 dBmoO to -70 dBm0 10 65 ms
Special Tone Detectors
Detect Level See definitions for DO of Detect Register | -48 -43 dBm0
Delay Time
2225 or 2100 Hz 2225+ 10 Hz 10 45 ms
answer tone 2100+ 21 Hz
1300 Hz calling tone Tone Accuracy +5 Hz 10 45 ms
900 Hz SCT Tone Accuracy +10 Hz 10 45 ms
Receive V.23 main channel
Hold Time
2100 Hz answer tone See detect register for detect 10 45 ms
bandwidth
1300 Hz calling tone Tone Accuracy +10 Hz 10 45 ms
900 Hz SCT V.23 Tone Accuracy £10 Hz 10 45 ms
Receive main channel
Hysteresis 2 dB
Pattern Detectors DPSK Mode
S1 Pattern
Delay Time For signals from -6 to -40 dBmo0, 10 45 ms
Hold Time Demod Mode 10 45 ms
Unscrambled Mark
Delay Time For signals from -6 to -40 10 45 ms
Hold Time Demod or call Init Mode 10 45 ms
Receive Level Indicator
Detect On -25 dBmo
Valid after Carrier Detect 10 ms
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS l MIN l NOM I MAX | UNITS
Output Smoothing Filter
Output Impedance TXA pin 200 300 Q
Output Load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB 50 pF
in .3to 3.4 kHz range
Maximum Transmitted 4 kHz, Guard Tones off -35 dBmo0
Energy 10 kHz, Guard Tones off -60 dBmo
12 kHz, Guard Tones off -70 dBmo0

Anti Alias Low Pass Filter

Maximum allowed Scrambled data at 2400 bit/s in -14 dBm
Out-of-Band Signal Energy opposite band
(Defines Hybrid Trans-

Hybrid loss requirements) Sinusoids out of band -9 dBm
Transmit Attenuator

Range of Gain Relative to -10 dBm0 +4 -1 dB

Step Accuracy -0.15 +0.15 dB
Clock Noise TXA pin; 153.6 kHz 1.5 mV rms
Carrier Offset

Capture Range | Originate or Answer | -10 I +7 | +10 | Hz
Recovered Clock

Capture Range | % of data rate originate or answer ] -.02 | l +.02 | %
Guard Tone Generator

Tone Accuracy 550 Hz +1.2 %

1800 Hz 0.8 %

Tone Level 550 Hz 4.5 -3.0 -1.5 daB

(Below QAM/DPSK Qutput) | 1800 Hz -7.5 -6.1 -4.5 dB

Harmonic Distortion 550 or 1800 Hz -60 dB

(700 to 2900 Hz)
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS | min | Nom | max | units
Timing (Refer to Timing Diagrams)
Parallel Mode:
TAL CS/Addr. setup before ALE Low 25 ns
TLA CS/Addr. hold after ALE Low 5 ns
TLC ALE Low to RD/WR Low 30 ns
TCL RD/WR Control to ALE High 5 ns
TRD Data out from RD Low 0 120 ns
TLL ALE width 30 ns
TRDF Data float after RD High 0 5 " ns
TRW RD width 159 25000 ns
TWW WR width 140 25000 ns
TDW Data setup before WR High 50 ns
TWD Data hold after WR High 10 ns
Serial Mode:
TRCK Clock high after RD 250 T1 ns
TAR Address setup before RD low 0 ns
TRA Address hold after RD low 350 ns
TRD RD to data valid 110 ns
TRDF Data float after RD high 70 ns
TCKDR Read data out after falling edge 300 ns
of EXCLK
TWW WR width 60 ns
TAW Address setup before WR 50 ns
TWA Address hold after rising edge of WR| 50 ns
TCKDW Write data hold after falling edge 200 ns
of EXCLK
TCKW WR high after falling edge of EXCLK | 330 Ti1& T2 ns
TDCK Data setup before failing edge 50 ns
of EXCLK
T1, T2 Minimum period 500 ns
Note: T1 and T2 are the low high periods, respectively, of EXCLK in serial mode.
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TIMING DIAGRAMS
BUS TIMING DIAGRAM (PARALLEL VERSION)
TLL

I S + %

TLe TRW TCL
O *—3}1—7f— TLC TWW
WA * F

A |TRO TROF WD

'( ¢ ¥ Tow | ¥

ADO-AD7 ADDRESS READ DATA ADDRESS HWRWE DATA}—
S = -J.f— ==

READ TIMING DIAGRAM (SERIAL VERSION)

T T2

i e W W N

Hrncx
Fﬁ ;
TAR
|._. TRA '

ronz —KapDRESS)
/T

TRD
— |-— u[m(on TROF

DM—A—%DOXm)KmXoaXmXoone m

WRITE TIMING DIAGRAM (SERIAL VERSION)

T2
Exoix m/_\_/_\_/_\_/—\ﬁ\ /

TCKW

WR

Ac-A2 ’ Aoonsss-l—
TDCK Q—vlTCKDW

DATA———-KDOXM onXoaXm X Dons XD7>|____

191 - rev. 1-271



SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

APPLICATIONS INFORMATION

GENERAL CONSIDERATIONS

Figures 1 and 2 show basic circuit diagrams for
K-Series modem integrated circuits. K-Series prod-
ucts are designed to be used in conjunction with a
control processor, a UART or RS-232 serial data inter-
face, and a DAA phone line interface to function as a
typical intelligent modem. The K-Series ICs interface
directly with Intel 8048 and 80C51 microprocessors for
control and status monitoring purposes. Two typical
DAA arrangements are shown: one forasplitt5or+12
volt design and one for a single 5 volt design. These
diagrams are for reference only and do not represent
production-ready modem designs.

T I

K-Series devices are available with two control inter-
face versions: one for a parallel multiplexed address/
data interface, and one for a serial interface. The
parallel version is intended for use with 8039/48 or
8031/51 microcontrollers from Intel or many other
manufacturers. The serialinterface 22-pin versioncan
be used with other microcontroliers or in applications
where only a limited number of port lines are available
or the application does not lend itself to a multiplexed
address/datainterface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

In most applications the controller will monitor the serial
data for commands from the DTE and the received
data for break signals from the far end modem. Inthis
way, commands to the modem are sent over the same
line as the transmitted data. In other applications the
RS-232interface handshake lines are used formodem
control.

RS232 X1z XTL
LEVEL W
CONVERTERS s0cst
cA E gi PO POOT
cs (<} PLY
cc t<HER | pr2 L
[ ALy Y WA
ALE
oF t<H2E2 P15 Pat l c6
P16 P32 — 0.1 pF
r P3.0 P1.7 RESET ®xaK
™
BA .
b | e
DA EXCLK (TxaD>
o [ RxCLK
oe | ek e B
= 06 RESET TXA '
MC145408 5V
Ci12
I
VR1
P2
R
FIGURE 1: Basic Box Modem with Dual-Supply Hybrid
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DIRECT ACCESS ARRANGEMENT (DAA)

The telephone line interfaces show two examples of
how the “hybrid” may be implemented. The split supply
design (Figure 1) is a typical two op-amp hybrid. The
receive op-amp serves two purposes. It supplies gain
to amplify the receive signal to the proper level for the
modem’s detectors and demodulator, and it removes
the transmitted signal from the receive signal present
atthe transformer. This is done by supplying a portion
of the transmitted signal to the non-inverting input of
the receive op-amp atthe same amplitude as the signal
appearing at the transformer, making the transmit
signal common mode.

The single-supply hybrid is more complex than the
dual-supply version described above, but its use
eliminates the need for a second power supply. This
circuit (Figure 2) uses a bridged drive to allow undis-
torted signals to be sent with a single 5 volt supply.
Because DTMF tones utilize a higher amplitude than

data, these signals will clip if a single-ended drive
approachis used. The bridged driveruses an extra op-
amp (U1A) to invert the signal coming from the gain
setting op-amp (U1B) before sending it to the other leg
of the transformer. Each op-amp then supplies half the
drive signal to the transformer. The receive amplifier
(U1C) picks off its signal at the junction of the imped-
ance matching resistor and the transformer. Because
the bottom leg of the transformer is being drivenin one
direction by U1A and the resistor is driven in the
opposite direction at the same time by U1B, the junc-
tion of the transformer and resistor remains relatively
constant and the receive signal is unaffected.

DESIGN CONSIDERATIONS
Silicon Systems’ 1-chip modem products include all
basic modem functions. This makes these devices

adaptable for use in a variety of applications, and as
easy to control as conventional digital bus peripherals.

* Note: Op-amp U1
must be rated for
single 5V operation.
R10 & R11 values
depend on Op-amp
used.

VOLTAGE
REFERENCE

FIGURE 2: Single 5V Hybrid Version

1191 -rev.

1-273




SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

Unlike digital logic circuitry, modem designs must
properly contend with precise frequency tolerances
and very low level analog signals, to ensure acceptable
performance. Using good analog circuit design prac-
tices will generally result in a sound design. Following
are additional recommendations which should be
taken into consideration when starting new designs.

CRYSTAL OSCILLATOR

The K-Series crystal oscillator requires a parallel mode
(antiresonant) crystal which operates at 11.0592 MHz.
It is important that this frequency be maintained to
within £0.01% accuracy.

In order for a parallel mode crystal to operate correctly
and to specification, it must have a load capacitor
connected to the junction of each of the crystal and
internal inverter connections, terminated to ground.
The values of these capacitors depend primarily on the
crystal’s characteristics, and to a lesser degree on the
internal inverter circuit. The values used affect the
accuracy and start up characteristics of the oscillator.

LAYOUT CONSIDERATIONS

Goodanalog/digital design rules must be used to control
system noise in order to obtain highest performance in
modem designs. The more digital circuitry present on
the PC board, the more this attention to noise control is
needed. The modem should be treated as a high
impedance analog device. A 22 uF electrolytic ca-
pacitor in parallel with a 0.22 uF ceramic capacitor be-
tween VDD and GND is recommended. Liberal use of
ground planes and larger traces on power and ground
are also highly favored. High speed digital circuits tend
to generate a significant amount of EMI (Electro-Mag-
netic Interference) which must be minimized in order to
meet regulatory agency limitations. To accomplish this,
high speed digital devices should be locally bypassed,
and the telephone line interface and K-Series device
should be located close to each other near the area of
the board where the phone line connection is accessed.
To avoid problems, power supply and ground traces
should be routed separately to the analog and digital
functions onthe board, and digital signals should not be
routed near low level or high impedance analog traces.
The analog and digital grounds should only connect at
one point near the K-Series device ground pin to avoid
ground loops. The K-Series modem IC’s should have
both high frequency and low frequency bypassing as
close to the package as possible. The ISET resistor
and bypass capacitor need to be as close to device
as possible.

1-274

MODEM PERFORMANCE
CHARACTERISTICS

The curves presented here define modem IC perform-
ance under a variety of line conditions while inducing
disturbances.that are typical of those encountered
during data transmission on public service telephone
lines. Test data was taken using an AEA Electronics’
“Autotest I" modem test set and line simulator, operat-
ing under computer control. All tests were run full-
duplex, using a Hayes 2400 Smartmodem™ as the
reference modem. A 511 pseudo-random-bit pattern
was used for each data point. Noise was C-message
weighted and all signal-to-noise (S/N) ratios reflect
total power measurements similar to the CCITT V.56
measurement specification. The individual tests are
defined as follows.

BER vs. S/N

This test measures the ability of the modem to operate
over noisy lines with a minimum of data-transfer errors.
Since some noise is generated in the best of dial-up
lines, the modem must operate with the lowest S/N
ratio possible. Better modem performance is indicated
by test curves that are closest to the BER axis. A
narrow spread between curves representing the four
line parameters indicates minimal variation in perform-
ance while operating over a range of aberrant operat-
ing conditions. Typically, a modem will exhibit better
BER-performance test curves receiving in the low
band than in the high band.

BER vs. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
high to very low signal levels. The width of the “bowl!”
of these curves, taken at the BER point, is the measure
of dynamic range.

1191 - rev.



SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

SSI 73K324L BER vs S/N SS173K324L BER vs S/N
PRELIMINARY PRELIMINARY
102 I I S 102 T T 1T T -T7T
\ —1 1T 1 7
+—t—4—1—+ 2002
\ HIGH BAND RECEIVE | | s LoWBAND ReECEIVE | |
30 dBm -30 dBm
OAM OPERATION QAM OPERATION
2400BT/S _4 2008ms ||
l I c2
103 \uY | 103 Y
X e | \
1A pad
@ N @ Pd
-3 B '__[FLAT ]
S o A S 104 ]
g 10 A\ g 10
4 4 L\ o< A\
i L
5 \ [Far ] | 5
c-] //
108 \‘ 108 ya \
LW'AY A\Y
N = N
3002 )
N 1ol
10°¢ \ 10
10 11 12 13 14 15 16 17 18 19 20 21 22 10 11 12 13 14 15 16 17 18 19 20 21 22
SIGNAL TO NOISE (dB) SIGNAL TO NOISE (dB)
SS173K324L BER vs S/N S$S1 73K324L BER vs S/N
PRELIMINARY PRELIMINARY
10?2 nY —T—T T T 7T 102 X U I U A
W e e CE e
HIGH BAND RECEIVE }_ Lowpanp Receve ||
30 dBm 30 dBm
/ DPSK OPERATION }\\ rl__ DPSK OPERATION
1200 BIT/S - c2 }_ 1200 BIT/S. -
3 ot 2 | 3 P ]
10 e | 10
w
£ £
4 '3
« o
Q 10+ 2 10
4 4
w w
5 =
o @
105 108 X
= \'} ol
c1 FLAT
ps N gl
[rar |
10 I | 10 \
4 5 6 7 8 9 10 11 12 13 14 15 16 4 5§ 6 7 8 9 10 11 12 13 14 15 16
SIGNAL TO NOISE (dB) SIKGNAL TO NOISE (dB)

191 - rev. 1-275



SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

SSI1 73K324L BER vs RECEIVE SSI 73K324L BER vs S/N
PRELIMINARY PRELIMINARY
102 : I — — 10?2 | R I N
I —— — S
V.23
‘QAM OPERATION MAQ'ICHM‘NEL ’—
| 2400 BIT/S BACK CHANNEL 75 bps
OPERATION FSK
107 103
&
-4
[: 4
Q 10+ 10+ \-
« \
= \
\ Jd
10-5 10-5 / 1 ] MANCHANNELI
gt L oot
10 106
-60 -55 -50 -45 -40 -35 -30 -25 -20 -16 -10 -6 -0 01 2 3 45 6 7 8 9 101 12
RECEIVE LEVEL (dBm) SNR LEVELS
PACKAGE PIN DESIGNATIONS
(Top View) g 3 5 x93 E
< X X Ej o o >
| foom | jum | o | ] Jous | |
g N m oy oo o< Y ve f s 4 3 2 1 32 31 3029 e
e K& 386 & ¢
0—O—0-—fo-—0-0-—0 AD1[] 6 28 [] RESET
/ 4 3 2 1 28 27 26
AD1[5 25 [] RESET AD2[] 7 27 ] ISET
AD2 [16 24 ] ISET AD3 ] 8 26 [] RXCLK
AD3 (7 23 p RXCLK AD4[]| 9 25 [} RXD
AD4 [|8 22 [] RXD ADs [] 10 24 [] TXD
AD5 19 21 PTXD AD6 [} 11 23 1 TS
ADS [] 10 20 JCS AD7 [] 12 22 [J EXCLK
AD7 ] 11 19 [ EXCLK Ne [ 18 21 ] NC
L 12 13 14 15 16 17 mg 14 15 16 17 18 19 20
T T T = T | ) | j —J | - -} | = |
w laeg Q [=] < = X w [a] x
{EEBEZEZ SERBEE
3
- =
28-Lead PLCC 32-Lead PLCC

1-276 1191 - rev



SSI 73K324L
CCITT V.22bis, V.22, V.21, V.23
Single-Chip Modem

PACKAGE PIN DESIGNATIONS (continued)
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APPLICATION NOTE

Troubleshooting
the Modem Design

Excerpt from the Silicon Systems K-Series Modem Design Manual

Possible Causes of a Totally Dead System

It is always particularly depressing when you
power-upanew design for the first time and absolutely
nothing happens. However, this is often the easiest
type of fault to find. We will try to think of a few things
that could cause this problem (apart from the obvious,
like the plug falling out of the wall socket).

The K-Series Modem IC is Stuck in the Reset
State

You will generally get very little cooperation from
a K-Series modem IC while it is in the power-down
state. It enters this state when a reset operation is
performed, either by writing to the Reset bit (bit 2) in
Control Register 1 or by taking the RESET input pin to
logic ONE. Make sure that your firmware is bringing
the part out of this state by writing something other
thanall ZEROs to bits 5 to 2 in Control Register 0. Also,
make sure that this happens after the RESET pin has
been returned to logic ZERO. A capacitor from this pin
to VDD can hold the part in the reset state for many
seconds. Attempts to program the part during this
time will not take effect. For products with a DSP,
check that the RESET DSP bit (CR2 bit D2) is also
written with ONE when appropriate.

Crystal Osclilator Fails to Start

If a complete crystal oscillator is used to directly
drive the K-Seriesmodem, any starting problem should
be addressed to the manufacturer of that device. If the
internal oscillator is used with a crystal, there may be
situations in which it will not start. Check the values of
the capacitors from XTL1 and XTL2 to ground. If these
are too highin value, 40 pF or above, the oscillator may
not start. Such large values are not recommended and
should not be necessary if the crystal is correctly
specified. Alsoensurethatthecircuitboard isdesigned
to minimize stray inductance and capacitance in the
area of the oscillator. The crystal and both capacitors
should be placed as close as possible to the XTL pins of
the K-Series modem IC and connected by direct traces.
The ground connection of the capacitors should be via
wide traces to the digital grounding system. It is also
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possible that the oscillator will not start or will be slow
to start if the risetime of the power supply voltage is
very long. The starting properties are helped by the
asymmetry in the load capacitor values, the capacitor
at XTL1 should be about twice aslarge as that at XTL2.

Clock to Microcontroller Isn’t Getting Through

Using the K-Series modem ICs on-chip clock
oscillator to generate timing for the entire system is
very efficient from the point of view of component
count and EMI generation. However, note that the
CLK output of the modem chip is specified only to
drive TTL compatible inputs. Many common
microcontrollersrequire clock inputs that rise closer to
the supply voltage for logic ONE. We have seen
applications which use the CLK pin to drive these
inputs without problem, however, the low-power (5V
supply) parts may give a lower logic ONE level thanis
necessary at elevated temperature. We recommend
that you use a TTL to CMOS level converting buffer
between the CLK pin and the controller clock input in
5V systems. A pull-up resistor to the 5V supply is not
effective in increasing the logic high voltage. In some
cases capacitive coupling to a CMOS input is also ef-
fective if the controller clock input is properly biased.

Connect Handshake Fails

If your system seems to be working well butcannot
get into the situation of exchanging data with another
modem, it is likely that you have a problem in the
connect handshake. It is better to examine handshake
problems using a “known good” modem at the remote
end rather than another of your own systems. This
helps isolate problems if more than one are present.
Use a modem from an established and reputable
manufacturer, as discounted generic modems may not
conform fully to established specifications. Depending
on the modulation mode, there may be many or few
opportunities to fail so we can only offer general
pointers to problems we have encountered in the past.
Itis very helpful to build extra diagnostic code into the
handshake to diagnose unexpected conditions.
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If things never start, check that the initial set-up of
the chip is correct. The chip must be taken out of
power-down before it will do anything and in DSP-
based chips the DSP must have been reset after any
previous call and then taken out of the reset state. (A
DSP-based part cannot be used in a non-DSP socket
without many such changes to the controller code;
watch this when upgrading a 73K222 system to use a
73K224L.) If in CALLINIT mode the answer toneis not
detected, check that you have selected the desired
answer tone frequency by programming in the Tone
Register. The selectivity of the answer tone detector is
quite high, so verify that your answering modem is
generating a frequency within the specifications of the
modulation standard. You should be able to verify the
operation of your various signal detectors with
breakpoints in the controller code. If these do not fire
at the appropriate point, the handshake is likely to
hang-up or get out of step with the other modem. Be
especially careful with the S1 detector, if this is failing
you may get connections at 1200 bit/s which were
supposed to be at 2400 bit/s. With DSP-based chips in
QAM or DPSK modes, make sure that you are enabling
the adaptiveequalizeratthe appropriate time. Enabling
it too early, when the received signal is unsuitable for
training, and too late, when there is too little time left
before the gear shift to 2400 bit/s, canboth give connect
problems. Finally, make sure the crystal oscillator
frequency is in specification as a gross error here can
cause failure of the handshake.

Errors Committed Immediately After Handshake,
With Later Improvement

Wehave seen situationsin which a K-Series modem
makes many data errors during the first few seconds of
aconnection, butthen shapes up and performs normally
thereafter. This is generally due to some problem in
equalizer training in a DSP-based chip. The equalizer
must be held in the initial state (bit 0 of CR2 = ZERO)
up to the point in the handshake when scrambled
DPSK binary ONES firstappear at the receiver. It must
then be released promptly (bit 0 of CR2 = ONE) and
allowed to adapt so that it is fully trained before the
gear shift to 2400 bit/s and the transition to data mode
occurs. Enabling the equalizer too early will cause it to
train on an unsuitable unscrambled signal. Because it
adapts more rapidly immediately after being enabled,
it may take a long time to recover from a bad solution
when the correct receiver signal arrives. Enabling the
equalizertoolatereduces the timeavailable for training
before the received data is relied upon to be correct. If
you have to put the equalizer back into the initialized
stateaftera period of training, make sure that Equalizer
Enable (bit 0 of CR2) stays at ZERO for at least 2 ms. It
is better to have the Receiver Gain Boost bit dealt with
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before the equalizer is enabled, otherwise transients
caused by changing this bit may upset the equalizer
solution.

Errors Experlenced at High Recelve Signal
Levels

If the error rate gets worse at high receive signal
levels, you should look for some source of clipping in
thereceive path. Injecting asignal of known level at the
line coupling transformer and looking at the RXA pin
with an oscilloscope should enable you to isolate any
problemin the line interface. Look for excessive gainin
thereceiver bufferamplifier or other causes of clipping
at this point such as badly chosen op-amps for single
5V supply operation. If the signal at RXA looks good
and you are using a DSP-based modem chip, it is
possible that the controller is incorrectly inserting the
12 dB receiver gain boost even if the Receive Level bit
in the Detect Register is set. Note that early data sheets
for the73K224L gave this bit the wrong sense, i.e,, ONE
for low level. Only set Receive Gain Boost if this bit is
ZERO.

Errors Experienced at Low Receive Signal Levels

There can be many causes of data errors at low
receive signal levels, almost all associated with the
presence of some level of interference or noise in the
receive path. If you are performing tests over the
telephone network, make sure that the error rate you
are experiencing is not to be expected from the
background noiselevel on theline.Itisbest to usealine
simulator or a direct connection through an attenuator
if looking for system noise problems. The capacitor
across the feedback resistor of the receiver buffer
amplifier is important to attenuate out-of-band noise
at the modem chip receiver input.

Distortion in the telephone line interface can be
located by injecting low-level signals into the line
terminals and examining the signal at the RXA pin
withaspectrumanalyzer. Look for crossover distortion
in the receiver buffer amplifier. This can arise from a
poorly chosen op-amp type, such as the LM324 which
makes a transition from class A to class AB operation
at low signal levels and is not suitable for this
application. We have found LM348 and LM1458 type
op-amps tobe free from this problem. Itis also possible
for theline coupling transformer tointroduce harmonic
distortion, particularly when a large D.C. holding
current is flowing.

In the absence of significant distortion, look for a
high noise level at the RXA pin. Another symptom of
this problem, apart fromdata errors, is that the Carrier
Detect bit (bit 3 in DR) comes on or blinks when no
signal is applied to the modem receiver. The system
may also fail to disconnect at the end of a call. If this is
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yourexperiencedon’tconfine your search to the normal
carrier bandwidth because the modem chip will also
be susceptible to higher frequencies. Op-amps may be
noisy or may self-oscillate at low level due to poor
layout. If the op-amps themselves are not causing the
noise, it may be due to poorcircuitlayoutorgrounding.
If, finally, nothing suspicious is visible at the RXA pin
then the noise must be getting into the receive signal
inside the modem IC. This can be from the power
supply and bias pins or from signals routed under the
chip. Check the connections to GND, VDD, VREF and
ISET pins for component values and placement and
routing of decouplingcomponents. Youare more likely
to have problems with supply noise if you are using a
switching power supply. Look also for fast digital
signals routed under the modem IC; these should be
re-routed and a ground plane placed under the chip.
Serious interference pickup problems can be created
by two crystal oscillators producing beat frequencies
in-band to the modem. We strongly recommend using
one master crystal in the system. Check the gain in the
receive path from the line terminals and, in DSP-based
parts, the state of the Receive Gain Boost bit set by the
controller. If either of these are incorrect, then noise in
the chip will appear more significant compared to the
signal.

The transmitter of the modem can be a source of
noisein the receiver. It should notgenerate signals that
are in-band to the receiver, but this can happen if
either the buffer amplifier or the line transformer are
causing harmonic distortion. This will be most
noticeable in call mode, when the low band transmit
signal has harmonics in the high band filter of the
receiver. For 5V only systems, the choice of op-amps in
the buffer amplifier and their D.C. bias point is crucial
to obtaining a sufficient voltage swing without
distortion. Because of its internal operation, a small
amount of switching noise is present at the TXA pin.
The capacitor across the buffer amplifier feedback
resistor isimportant to prevent this signal fromreaching
thereceiver. Itisdifficult to obtain good rejection of the
transmit signal at the receiver for all practical line
conditions, but you should check that your four-wire
to two-wire hybrid circuit is operating correctly. For
most terminations, the transmit signal at the RXA pin
minus the receive buffer gain should be 6 dBbelow the
level at the line.
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Modem Works in Loopback but Fails to Connect
or Makes Errors in Bursts with Some Other
Modems

If anything appears “flaky” about the modem
operation it is a good idea to check the oscillator
frequency with a counter capable of resolving to at
least ten parts per million. Using an oscilloscope is of
no use whatsoever. Many systems that use crystal
oscillators are not very particular about the exact
frequency; this is not so of modems. Measure the
frequency at the CLK pin and verify that it is between
11.0581 MHz and 11.0603 MHz. Do not measure at the
XTL10rXTL2 pinsasthe probecapacitance willalter the
frequency of oscillation. Some causes of out-of-
specification readings are: a) the wrong crystal
frequency entirely, b) a series-resonant crystal, or ¢) a
parallel-resonant crystal unmatched to the circuit
capacitance.

Problems Unique to FSK Modes

The SSI 73K224L does not permit answer tone
detection in FSK modes, so ensure that a mode other
than FSK is selected before attempting to detectanswer
tones.
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APPLICATION NOTE

Setting DTMF Levels for
1200 Bit/s K-Series Modems

Some applications of the K-series modems without output level adjustment may require setting the DTMF transmit
level to something other than the normally transmitted level. This level is nominally about 5 dB higher than during
datatransmission. If the data is transmitted at - 10 dBm, the DTMF levels will be at about -5 dBm, which is adequate
in most applications.

The simplestway to change the relative levels of DTMF tones and data is to change the transmit gain during dialing.
This can be accomplished as shown below. In this example, it is assumed that the DTMF tones are to be
transmitted at a higher level than normal. Closing relay K2 will increase the gain of the transmit op-amp and allow
ahigher DTMF tone level during dialing. If it is desired to decrease the DTMF level, the relay can be open for dialing
and closed for data. The value of the shunt resistor, Rdtmf, will be relatively large compared to the resistor R1,
therefore the precision of Rdtmf is not as critical as R1. This means an analog switch or similar device could be
used instead of a relay, with the on resistance of the switch not seriously affecting the tolerance of the gain setting.
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ﬁ , APPLICATION NOTE

JW SS173K212A High Speed

A TDK Group J Company Connect Sequence

ORIGINATING MODEM

——| " ORIGINATING MODEM TRANSMITS SCRAMBLED MARKS INLOWBAND | DATA
:4_ 508 - 626 ms —p ]

i , 231-308ms —
DSR —P, F— 100 - 200 ms M CTs
———— 774ms —

{
I
| l
| | i |
™ \ IGNORED [ 1 ]
| T T T
| I |
RD i CLAMPED TO MARK | | UNCLAMPED
| T T
®) \ /
/ ® \ 231-308 ©
ANSWERING MODEM ® PERLLLNG T78ms !
—-———{ﬂWERING MODEM TRANSMITS 2225 Hz | SCRAMBLED MARKS IN HIGH BAND DATA I j
—
—_ 1
DSR ALREADY ON BOTH DCD & CTS !
—_—] |
0 TRANSMIT DATA INPUT IS IGNORED WHILE CTS IS OFF
RD RECEIVED DATA OUTPUT IS CLAMPED TO MARK WHILE DCD IS OFF UNCLAMPED
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I . APPLICATION NOTE
Jd;('on(f faﬂd V.22 & V.22bis
A TDK Group J Company Connect Sequences

CALLING MODEM
T { CALLING MODEM TRANSMITS SCRAMBLED BINARY ONESINLOWBAND | DATA |
DSR  M—— 456110ms —pn § ' '
270 140 ms
' : o
,4—— 55150 ms ' DCD CcTS
' ' ' ———— 765:10ms —m P!
' ' ' '
™ IGNORED ' : '
' , : : _
RO | CLAMPED TO BINARY ONE : I UNCLAMPLED I
i ' ‘ j
@; N ' @ !
S —P. 270140ms E— 765 £10 ms S \
A — —_ > )
ANSWERING MODEM ' ; ' :
—] UNSCRAMBLED BINARY ONE IN HIGH BAND | scramBLED BINARY ONE INHIGH BAND | DATA
' . '
'
DSR BOTH DCD & CTS | :
: 1
™ TRANSMIT DATA INPUT IS IGNORED WHILE CTS IS OFF
RD RECEIVED DATA OUPUT IS CLAMPED TO BINARY ONE WHILE DCD IS OFF | UNCLAMPED
V.22bis
CALLING MODEM . . '
— ¢—— 10043 ms — 4— 20010 ms
—{ st SCRAMBLED BINARY ONES AT 1200 BIT/S | S AP i ED ONE DATA

psp e 46ri0ms —p

__—»_‘— G 155410 ms

"4 6800 +10 ms t '
DATA RATE
SELECTOR ADE‘-’—!_

€ 450410 ms ————P>

™ IGNORED : ,

‘ ' DETECTEND  BEGIN R

h 4-OF S1INHIGH 16-WAY—p | H
RD : CLAMPED TO BINARY ONE ! CHANNEL  DEMODULATION. I UNCLAMPED

' ' DETECT ——P §—

®,‘ X @ , 32 ONES @ I (® ,
‘ — 600 £10 ms > p / y

ANSWERING MODEM N 200 10— :
———  UNSCRAMBLED BINARYONEAT 1200BI/S | S1 |  SCRAMBLEDONE 1200815 | S uNBeD ONE | | DATA

b

i 1003 ms —-’l "—-—-— ' !

;
.
DSR DATA RATE SELECTOR pcp c1s

«4— DETECT END OF S1 IN LOW CHANNEL
; 450 +10 ms —————p

L TRANSMIT DATA INPUT IS IGNORED ' E
BEGIN 16-WAY | )
DECISIONS ——P! '
RD RECEIVED DATA OUPUT IS CLAMPED TO BINARY ONE IN RECEIVER ' ! I UNCLAMP
.
DETECT 32 CONSECUTIVE BITS
OF BINARY ONE AT 2400 BIT/S
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APPLICATION NOTE

Remote Loop
Handshake Sequence

START

Begin in online state

TRANSMIT UNSCRAMBLED
MARK AT BIT RATE

RxD is weak pullup (TONE bit D7)
Disable CTS

Bypass Scrambler (CR1 bit D4)

WAIT FOR DOTTING

Force Transmit Mark (CR1 bits D7 & D6)

Read Receive Data (DET bit D5)

of 600 ms occurs
If imeout, return to online

TRANSMIT SCRAMBLED MARK

Wait for 250 ms of dotting (1/0) or timeout

Enable Scrambler (DET bit D4)

WAIT FOR LOOPED DATA

Read Received Data (DET bit D5)
Wait for 250 ms of Mark

FINISH CONNECTION

Unclamp RxD (TONE bit 7)
Enable CTS

TERMINATION

_ PULSE CARRIER

Disable Transmit (CRO bit D1)
Wait for 80 ms

Enable Carrier (CRO bit D1)
Return to online
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START

7| Begin in online state

Monitor Unscrambled Mark (DET bit D4)
Validate for 200 ms
Continue if detect occurs

TRANSMIT DOTTING PATTERN

= Force Transmit Dotting (CR1 bits D7 & D6)

DISABLE TERMINAL

RxD to weak pullup (TONE bit D7)
Disable CTS, DSR and DCD; Ignore DTR

it

LOOP DATA

Select RDL (CR1 bits D1 & DO)
If synchronous, select slave mode
(CRO bits D5 - D2)

TERMINATION

DETECT CARRIER

Wait for Carrier Loss (DET bit D3)
Enable CTS and DSR

Remove Data Loop (CR1 bits D1 & D0)
Wait for Carrier Return (DET bit D3)
If no carrier in 200 ms, abort call

ENABLE TERMINAL

Remove Data Loop (CR1 bits D1 & D0)
Unclamp RxD (TONE bit D7)

Enable DCD; stop ignoring DTR
Return to online
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APPLICATION NOTE

SSI 73K224
Retrain at 2400

STARTS WITH BAD DATA
REQUEST RETRAIN

Deactivate CTS
Clamp RxD (TONE bit 7)

INITIAUZE ! ;EL;\
Force S1 Transmit at 1200 bit's for 100 ms

DETECT S1 RESPONSE

Detect S1 for 60 ms (DET bit D6)
Wait 50 ms and Initialize the Adaptive

Equalizer (Pulse CR2 bit DO)
SCRAMBLED MARK ‘Q«:‘@

Force Scrambled Mark(CR1 bits D7 & Dé)
Wait 450 ms from the end of S1 receipt
and begin 16-way decisions (CR2 bit D3)

FINISH \%

After600msofScrambledMarkat 1200 bit/'s

Transmit at 2400 bit/s (CRO bit D6)

Detect 32bits of Mark at 2400 (DET bit D5)

Unclamp RxD after 200 ms of Mark at
2400 bit/s (TONE bit D7)

Activate CTS

(CRO bit D&,CR1 bits D7 & D6, CR2 bit D4) |§

g
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RESPOND - RETRAIN

DETECT S1 REQUEST

3 Detect S1 for 60 ms (DET bit D6)

Wait 50 ms:
Deactivate CTS
Force S1 transmit at 1200 bit/s for

100 ms (CRO bit D6, CR1 bits
D7 & D6, CR2 bit D4)
Clamp RxD (TONE bit D7)
Initialize the Adaptive Equalizer
(Pulse CR2 bit D0)

SCRAMBLED MARK b

Force Scrambled Mark (CR1 bits D7 & D6,
Wait 450 ms from end of S1 receipt and
begin 16-way decisions (CR2 bit D3)

FINISH

Detect 32 Marks at 2400 bit/'s (DET bit D5)

Unclamp RxD (TONE bit D7)

After600msofScrambledMarkat 1200 bit/s

Transmit Marks at 2400 bit/s for 200 ms
(CRO bit D6)

Unclamp TxD (CR1 bits D7 & D6)

Activate CTS
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Ty
ilicon Sustoms”

J SS1 73K212 & 73K222
A TDK Group J Company Originate Handshake Sequence

(RXD is in tri-state mode, TONE bit D7<1)

DIAL

. Go off hook

Bring out of power down mode (CRO0 bits D5-D2)
Set DTMF tone (Tone bits D4-D0)

Turn on transmitter (Set CRO bit D1)

Wait DTMF on time

Turn off transmitter (Clear CRO bit D1)

Wait DTMF off time

Repeat 3-7 for all digits

WAIT FOR CARRIER

1. Start S7 (Wait for carrier) timeout

2. Set to Bell 103 originate mode
(Set CRO bits D5-D0 to 110001)

3. Wait for carrier detect bit (DR bit D3) to come on

4. Start sliding window counter (Wait through
possible 2100 Hz answer tone period)

5. Qualify RXD mark* for 150 ms (DR bit D5) to
detect answer modem (Carrier detect bit must
also be on)

6. Raise DSR

ONOOALP =

— FSK

1. Wait 100-200 ms

2. Raise DCD, start 755-774 ms timer; wait 426-446 ms, send FSK marks
(Set CR1 bits D7 & D6 to 10, set CRO bit D1)

3. Atend of 755-774 ms timer period (started in #2 above); raise CTS, unclamp
RXD & TXD from marking (clear TONE bit D7; clear CR1 bits D7 & D6)

— DPSK

Wait 456 (V.22) or 508-626 ms (212A), switch to DPSK

Send scrambled marks (Set CR1 bits D7 & D6 to 10)

Qualify scrambled marks from answer modem for 150 ms

Wait for 231-302 ms of scrambled marks, raise DCD

Enable RXD (Tone bit D7)

Wait 774 ms, raise CTS, enable TXD (Clear CR1 bits D7 & D8)

SO WON S

*This may be either answer tone from a Bell modem or unscrambled marks from a V.22 modem
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APPLICATION NOTE

SSI1 73K212 & 73K222

ATDK G’°“P C°mpa"y Answer Handshake Sequence

(RXD is in tri-state mode, TONE bit D7=1)

If Answer Modem is BELL 212A/103 If Answer Modem is CCITT V.22
1.Go off hook at end of ring cycle 1.Go off hook at end of ring cycle
2.Raise DSR 2.Wait 2 seconds
3.Wait 2 seconds 3.Send 2100 Hz for 3.3 seconds(Set TONE
4.Send 2225 Hz (Set TONE bit D5, bits D5 &D1, CRO bits D4-D0)
clear bit DO, set CRO bits D4-D0) 4.Silence for 75 ms
(Clear CRO bit D1, TONE bits D5 &D0)
5.Raise DSR
6.Send unscrambled marks at 1200 bit/s
(Set CR1 bit D4, CRO0 bit D1)

FSK DPSK

1.When carrier is detected, start sliding window counters for FSK & DPSK.
2.Monitor DR bit D5; change modes between FSK and DPSK if DR bit D5 is zero.
3.Continue until one window counter reaches zero. Proceed in that mode.

Wait for FSK marks for 150 ms

1.Raise CTS

2.Wait 100-200 ms or “S9” time, raise DCD
3.Enable RXD, TXD (Tone bits D7 & D5)
4.Send Data

Wait for DPSK marks for 270 ms
1.Send Scrambled Marks for 770 ms (CR1 D7 & D6=10)
2.Raise CTS and DCD or wait “S9,” raise DCD
3.Enable RXD (TONE bit D7)

Enable TXD (CR1 bits D6 & D7=00)
4.Send Data
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APPLICATION NOTE

SSI 73K224 Originate
A TDK Group J Company

dilloon ﬂ‘f{aw

Handshake Sequence

START

RXD to weak pullup (TONE bit D7)
(allows micro to send responses)
CTS & DTR inactive

'

DIAL

Go ofthook

Turn chip power on (CR0 bits D2)
Set DTMF tone (TONE bits D4-D0)
Turn on transmit {CRO bit D)

Wait required time

Turn off transmit (clear CRO bit D1)
Wait required time

Repeat for all tones

Clear DTMF bits in tone register

v

Data Pump Initialization

Tristate recover data

Default to async

Default 10-bit async

Reset equalizer (CR2 bit 0)

Turn on DSP (CR2 bit 2}

Put DSP in CALLINIT mode
(CR2 bit 5)

Reset receive gain bit

Turn off guard tones

Set speed to 1200

Enable 4-way decision

Disable scrambler

Ref. CCITT Red Book V.22bis Specification

YES
set speed to 600

Check Carrier
For 4 sec. look for valid tone:
tone valid when 95 ms of 2225 Hz
tone valid when 133 ms of SO
then wait 450 ms

YES
VALID when valid 2225 or SO

TONE? put DSP in demod mode

NO

while waiting for 100 ms
send S1
look for S1
if receiving S1
then turn on scrambler
send marks

Check for S1 or
scrambled marks

jno

received
S1

FSK
Select FSK mode
(CRO bits D5, D4)
Enabie DSR and DCD
Force transmit marks
(CR7 bits D7, D6)
Enable transmit (CRO bit D1)
Unclamp RXD (TONE bit D7)
Wait 765 ms
Unclamp TXD (CR1 bits D7, D6)
Activate CTS
Enable receive data

1191 - K-Series Application Notes

600/1200, found marks
Turn on scrambler

2400, found S1
Wait for S1 to go away

Enable equalizer Turn on equalizer
Wait 450 ms Enable transmit

Set 16-way decisions Force mark

Wait 150 ms Check receiver levet

Set speed to 2400 Turn on equalizer

Wait 200 ms before enabling CTS
Qualify 8 baud times of marks
Enable optional Sync mode
Enable carrier tracking in software
Enable data mode in transmitter
Send data

Enabie receive data

1-289

Wait 765 ms

Enable optional sync mode
Start carrier tracking in software
Enable data mode in transmitter
Send data

Enable receive data




6 , . APPLICATION NOTE
J ﬂ‘f{anj ‘ SSI1 73K224 Answer

A TDK Group JCompany Handshake Sequence

m— Ref. CCITT Red Book V.22bis Specification
RXD to weak puliup (TONE bit D7)

(allows micro to send responses)
CTS & DTR inactive
Data Pump Initialization Set default to marks
Tristate receiver data Check and set guard tones
Default to async Tum on transmitter
Default 10-bit async Assert DSR
Reset equalizer (CR2 bit 0)
Tum on DSP (CR2 bit 2) l
Put DSP in CALLINIT mode
(CR2 bit 5) demod Look for S1, marks
Reset receive gain bit Look for S1 or DPSK marks
Tum off guard tones
Set speed to 1200 2400, found S1
Enable 4-way decision Wait for S1 to go away
Disable scrambler YES | send 100 ms of St
s Tum on scrambler
Delay 350 ms
NO Turn on 16-way decisions
Begin looking for 32 consecutive marks
Wait 150 ms
When 32 marks received assert DCD
Send QAM marks
Wait 200 ms
[ Wait 2 sec. billing delay | E::g: ::::;::ld:;:c mode
Start carrier tracking in software
YES Enabie data mode in transmitter
It Bell 103 - then goto FSK X Send data
\ o5 me ot NES [ 600/1200, found marks
NO DPSK Tum off answer tone
marks, Tum off transmitter
NO Set default for scrambled marks
YES Enable transmitter
It 2400 or set tone bit to 2100 Hz Enable equalizer in receiver
V.22 enable answer tone Wait 750 ms
turn on transmitter Enable receive data
NO Enable optional sync mode
Start carrier tracking in software
Transmit 2225 Hz E:z:!: :t:la mode in transmitter
Set tone bit for 2225 Hz
Enable answer tone
Tum on transmitter \ \ FSK )
Assert DSR ( 7| Disable call init mode
Set speed to 300
" Equalizer should be off
;Z:; ;’g ::nsmmer \ / Disable scrambler
Send marks
Turn on transmitter
YES Receive 155 ms of marks
then goto FSK / Check receive gain level
Wait 450 ms
. Assert DSR
NO Start carrier lracking in softV{are
/ Enable data mode in transmitter
Send Data
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A TDK Group J Company

silliom ﬁ‘ffanr’

APPLICATION NOTE

Performance Testing
Silicon Systems K-Series
Single-Chip Modem Family

Why Modem Performance Is Important

In today’s world of expanding communications, the
modem has become an essential element in providing
data communications capability for such applications
as personal computers, lap-top PCs, and hand-held
portable terminals. To fit the requirements of these
systems, the modem must become more compact
even as it becomes more complex. As more modem
functions are integrated onto a single chip, it is the
modem IC that becomes the key to designing small
footprint modems that integrate well into today’s
computer applications.

Trying to compare competitive modem ICs by
analyzing published technical specifications can be
misleading. No meaningful comparisons canbe made,
because data sheets provide little useful performance
information. Products that appear functionally
competitive can vary widely in datacom performance.

Hiddendifferences in modemarchitecture can have
a profound effect on overall modem operation. Where
one modem IC might perform well within a real-world
operating environment, another seemingly comparable
1C might perform just marginally. So ultimately whatthe
designer needs is away torealistically compare modem
ICs by their ability to perform, error-free, under real-
world operating conditions.

The Real World of Telecommunications

Telephone lines vary. Indifferentgeographical areas,
factors such as age, technology, and upkeep of
equipment all contribute to variations in the physical
operating environment. The physical mechanics of
call-routing introduce other uncertainties, since call-
routing can be completely random in a typical dial-up
connection due to the automatic routing techniques
being used.

Also, differences in the switching and multiplexing
methods used in different locations, as well as
differences in the conductive medium (copper-wire or
fiber-optics), all add to the mix, making it difficult to
design a modem that will perform well in a manner that
is transparent to all of these factors.

These equipment and routing factors that adversely
affect data communications create performance
aberrations that are known collectively as line
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impairments. These line impairments cause the real-
world side-effects that define the actual environmentin
which the modem, and the modem IC, must survive
and perform.

Line Impairments

Generally, line impairments can be classified into
four categories: line noise, signal-level variations, phase
distortion, and carrier offset.

Line Noise

Line noise is the most common impairment to
efficient datacommunications and can manifest itself in
manyways. Ambient noise, for example, canbe caused
by copper line conductors. Wideband noise can be
generated by hybrid repeater amplifiers in the network.
Crosstalk from adjacent lines can sometimes couple
into the connection and add to noise on the line.

Generally, noise impairments occur within the 300
to 3000 Hz voiceband, since other frequencies are
attenuated by repeaters or filters on the line. The
specific quality that enables a modem IC to operate
error-free in a noisy line environment can be foundinits
design architecture, which reflects the functional
efficiency of both its components and its circuit layout.

Signal-Level Variations

High signal-level is one impairment in this category.
This stronger-than-normal signal can occur when an
unusually efficient connection is made, as when routed
through a PBX or whenthe transmitter andreceiver are
within close proximity to one another. Amaximumi evel
for normaloperationon adial-up line mightbe -10dBm.
An abnormally high level might approach 0 dBm.

Low signal-levels result from high line-resistance or
from long, circuitous call-routing paths. The lowest
signal level expected on a dial-up line is -45 dBm. The
ability of the modem to handle abnormally high or low
signal-levels is defined by its dynamic range.

Gain hits are short, quick changes in the receive
signal’s amplitude. The phenomenon can be caused
by trunk-line switching activity or by sudden changes in
line impedance, both of which can cause a breakdown
indata-transfer integrity. Gain hits can be offset by fast-
tracking capability within the AGC circuitry of the
modem IC.
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Phase Distortion

These impairments include phase jitter, phase hits,
and group/envelope delay. Phase jitter is a periodic
shift in the phase of the received carrier, which can be
caused by variations in the fine characteristics or by
imperfections in the transmitting modem. Phase hits
are more instantaneous in nature. They are
characterized by significant changes in phase in the
received carrier and are caused by ongoing switching
action in the dial-up network. Group delay (envelope
delay) results from reactive line-impedance
characteristics that induce phase shifts in the
frequencies presentinthe received signal. The modem
must correct for group-delay distortion. Failure to do so
can result in a phenomenon known as intersymbol
interference. This occurs when frequency elements
from one signal-modulation period overiap those of
another, making it difficult to detect the original phase-
encoded information in the signal, thus introducing
data errors.

Carrier Offset

Thisimpairment refersto a shiftinfrequency between
the transmitted signal and the received signal. The
condition is often introduced during long-distance call
routing, where frequency-division multiplexing
combines lower-frequency voiceband signals into a
higher frequency signal. This phenomenon can be
offset by the modem’s phase-lock-loop tracking
capabilities.

How Modems Can Be Compared For
Performance

In order to compare modem ICs realistically, the
design engineer needs to test each device under
conditions that reflect real-life telephone line conditions.
To achieve this, a test environment must be set up to
simulate a set of actual line characteristics thatconform
to specifications defined by Bell System published
standards. The engineer can then subject each test
modem to artificially induced impairments under each
of these line-standard conditions and compare the
specific performance of competitive modems. A range
of line conditions must be used to show how the
modem will operate over the random variety of lines
that might be encountered in typica! operation.

Line Standards

Characteristics for dial-up telephone lines are not
commonly specified, but leased lines are conditioned
lines forwhich linear-distortion characteristics, including
frequency-response and envelope-distortion
parameters, are guaranteedby the telephone company.
The Bell System line standards define four premium

1-292

line conditions that operate with characteristics similar
to those found indial-up lines. These lines, which allow
for modem performance testing over a wide range of
representative conditions, include the following:

The 3002 Line is the lowest quality leased line and
represents the poorest environment for accurate data
communications. Allowable amplitude variationis 15 dB
overthe voiceband range. Envelope delay can vary as
much as 1750 microseconds over the 800 to 2600 Hz
range.

The C1 Line is conditioned to a greater extent than
the 3002 line and can be considered to represent the
average in dial-up line characteristics. Amplitude
variation over the frequency band of interest is limited
to 8 dB. Allowable envelope delay is the same as for
the 3002 line.

The C2 Line represents an intermediate-quality line
for modem testing. Frequency response is limited to 8
dB amplitude variation. Envelope delay is improved to
not more than 500 microseconds over a 1000 to 2600
Hz range.

The C4 Line represents the best line conditions to
be expected in a dial-up telephone environment.
Optimum modem performance would be expected
using this standard. Group delay or attenuation is
negligible. Frequency response is limited to 8 dB.
Envelope delay distortion is held to less than 300
microseconds over a 1000 to 2600 Hz range.

The Testing Method

To qualify modem ICs for performance, the test
method must be uniformly applied. A test unit is used
to simulate each of the Bell System line standards and
to generate the environmentally representative line
impairments. A typical test set-up includes a line
simulator, a personal computer, an RMS voltmeter,
and a reference modem to test against. Control of the
test parameters is handled by the PC connectedto the
test fixture through a GPIB data bus. The PC sets up
and controls the line simulator, monitors the results,
and accumulates the error count for each iteration.

Two modem ICs are compared in a typical test
sequence. The modem IC to be tested is connected to
the modem testing equipment via a breadboard
evaluation fixture and is fed a continuous data stream
for testing. The tester monitors the data received from
the test modem andthe databit-errors are counted and
plotted to signify the ratio between the number of bits
transmitted compared to the number of transmission
error-bits. This results in a statistical bit-error rate
(BER).

The test method calls for a large sample of data
errors to be simulated for each device, under each line
condition. Multiple data points are taken for each test
for each device. Test message data is transmitted in a
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random, broad-range pattern. Each data point results
from the transmission of a million data bits and a
complete test sequence on a single modem IC could
represent 100 hours of test time before a realistic error
sampling might be realized.

The SSI K-Series Modem ICs

Silicon Systems’ K-Series family of modem ICs use
an integrated analog/digital design philosophy for
enhanced high-performance operation, which virtually
eliminates data-error-related modem failures. These
pin and function-compatible family products comply
with the full range of relevant worldwide operating
standards for data transfer speeds ranging from 300 to
2400 bit/s. The SSI 73K224L, the industry's first
2400 bit/s single-chip modemforboth US and European
standards, features adaptive equalization, whichfurther
enhances performance by giving the modemthe ability
to adapt automatically to varying line conditions.

The K-Series modem ICs are used in the sample
test curves presented with this document as a base
against which competitive performance information
can be compared.

MODEM PERFORMANCE CHARACTERISTICS

The curves presented here define modem IC
performance under a variety of line conditions while
inducing disturbances that are typical of those
encountered during data transmissionon public service
telephone lines. Test data was taken using an AEA
Electronics’ “Autotest 1” modem test set and line
simulator, operating under computer controi. All tests
were run full-duplex, using a Concord Data Systems
224 as the reference modem. A 511 pseudo-random-
bit pattern was used with 1X106 bits transmitted foreach
data point. Noise was C-message weighted and all
sighal-to-noise (S/N) ratios reflect total power similarto
the CCITT V.56 measurement specification. The
individual tests are defined as follows.

BER vs.S/N

This test measures the ability of the modem to
operate over noisy lines with a minimum of data-
transfer errors. Since some noise is generated in the
best of dial-up lines, the modem must operate with the
lowest S/N ratio possible. Optimum modem
performance is indicated by test curves that are closest
to the zero axis. A narrow spread between curves
representingthe four line parameters indicates minimal
variation in performance while operating over a range
of operating conditions. Typically, a DPSK modem will
exhibit better BER-performance test curves operating
in the highband range than in the lowband.
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BER vs. Recelve Level

Thistest measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynamic range is desirable. The
minimum Bell specification calls for 36 dB of dynamic
range. S/N ratios are held constant at the indicated
values while the receive level is lowered from a very
highto very low signal levels. The width of the “bowl” of
these curves, taken at the BER point, is the measure of
dynamic range.

BER vs. Phase Jitter

DPSK and QAM modulation is sensitive to phase
jitter. Modems using these techniques need to be as
tolerant as possible of phase jitter on the line. in this
test, relatively flat curves indicate minimal degradation
of performance when phase jitteris encountered onthe
line.

BER vs. Carrier Otfset

This parameter indicates how the modem’s
performance is affected by the shifts in carrier
frequency encountered in normal public telephone
network operation. Flat curves are an indication that
there is no performance degradation from frequency
offsets. The SSI K-Series modem ICs use a second-
order, carrier-tracking phase-lock-loop thatis insensitive
to carrier offsets in excess of 10 Hz. Both the Bell and
European/Japanese CCITT specifications allow as
much as 7 Hz offset.
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“EQ On” Indicates bit CR1 D4 is set for additional phase equalization.
73K302L performance is similar to that of the 73K322L. V.23 operation corresponds to Bell 202.
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* = “EQOn’ Indicates bit CR1 D4 is set for additional phase equalization.
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A TDK Group JCompany
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SS173D2180
Bell 212A/103, CCITT V.22, V.21
Modem Device Set

DESCRIPTION

The SSI 73D2180 consists of two CMOS integrated
circuits which provide the data pump functions and
command interpretation required to construct a high
performance 1200 bit/s full-duplex intelligent modem.
The 73D2180 includes operating modes compatible
with CCITT V.22, V.21, Bell 212A, and 103 data-
communications standards. Using advanced proc-
esses that include analog and switched capacitor filter
techniques, the SSI 73D2180 offers excellent perform-
ance and a high level of functional integration in a
compacttwo-chip set. The 73D2180 provides aHayes
“AT” compatible command interpreter, a 16C450 com-
patible UART and an enhanced version of Silicon
Systems’ 73K222L single-chip modem.

The 73D2180 is ideal foruse in integral systemmodem
products where full-duplex 1200 bit/s data-communi-
cations over the 2-wire public service telephone net-
work is desired.

November 1991
FEATURES

e Multi-mode CCITT V.22/V.21 & Bell 212A/103 com-
patible device set for intelligent modem designs

*  Full duplex operation at 0-300 and 1200 bit/s

* Includes high-level “AT” command interpreter
compatible with 1200 bit/s industry standard prod-
ucts

* Complete complement of “AT” modem features

* Selectable automatic speed detect, handshake and
autobaud functions

e Dynamic range from 0 to -45dBm

e Call progress, carrier and answer tone detectors
provide intelligent dialing functions

¢ DTMF and CCITT guard tone generators

e Test modes available - ALB, DL, RDL for complete
test capability

* Space efficient 40-pin DIPs or 44-pin PLCCs

* Low power consumption (115 mW using +5V)

BLOCK DIAGRAM
XTL4 XTL2
o P
$517aK2220 Single-Chip ModemJART | T Relay Driver
d [ .
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Bell 212A/103, CCITT V.22, V.21
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OPERATION

The SSI 73D2180 is a complete Bell 212A/103 and
V.22/V.21 intelligent modem contained in two IC’s.
The device set forms the basis for a high performance
integral modem product with self-contained command
interpreter and a 16C450 compatible UART.

The 73D2180 chip set is composed of the SSI
73K222U single-chip modem/UART and the SSi
73D620 controller chip. The 73K222U is a single-chip
modem integrated on the same die with a 16C450
compatible UART. The 73K222U interfaces with the
main CPU via a parallel demultiplexed bus. Com-
mands and data are passed to the chip set over this
port and are serialized by the on-board UART. The
73D620 controller chip hosts an “AT” compatible
command interpreter. This controller monitors the
internal serial bus of the 73K222U (UART output) for
user commands which it interprets and executes. The
73D620 controller communicates with the 73K222U
modenm/UART via a serial port. Refer to the block
diagramon Page 1 and to the 73K222U ModenvVUART
Data Sheet for further details.

The SSI173K222U provides the DPSK and FSK modu-
lator/demodulator functions, call progress and hand-
shake tone monitors, test modes and a tone generator
capable of producing DTMF, answer and CCITT guard
tones. This device supports the V.22, V.21 and Bell
212A/103 operating modes.

DPSK MODULATOR/DEMODULATOR

in DPSK mode the 73D2180 modulates the 1200 bit/s
incoming data into dibits represented by four possible
signal points as specified by CCITT recommendation
V.22 and Bell 212A. The modulator transmits this
encoded data using either a 1200 Hz (originate mode)
or 2400 Hz (answer mode) carrier. The demodulator
reverses this procedure and recovers the data and
data clock from the incoming signal.

FSK MODULATOR/DEMODULATOR

The FSK transmitter frequency modulates the analog
output signal using two discrete frequencies to repre-
sent the binary data. The Bell 103 standard frequen-
cies of 1270 and 1070 Hz (originate mark and space)

2-2

and 2225 and 2025 Hz (answer mark and space) or the
V.21 standard frequencies of 980 and 1180 Hz (origi-
nate mark and space) and 1650 and 1850 Hz (answer
mark and space) are used when this mode is selected.
Demodulation involves detecting the received fre-
quencies and decoding them into the appropriate bi-
nary value.

PASSBAND FILTERS AND EQUALIZERS

Abandsplitfilter is included to shape the amplitude and
phase response of the transmit signal to a square root
75% raised cosine and provide rejection of out-of-band
signals in the receive channel.

AUTOMATIC HANDSHAKE

The SSI 73D2180 will automatically perform a com-
plete handshake as defined by the CCITT V.22, V.21
and Bell 212A/103 standards to connect with a remote
modem. The 73D2180 automatically determines the
speed and operating mode and adjusts its operation to
correspond to that of an originating modem when
answering a call.

TEST MODES

The SSI 73D2180 allows use of Analog Loopback,
Digital Loopback and Remote Digital Loopback test
modes. Full test mode capability allows testing of the
modem and interface functions from the local terminal
using the appropriate control commands, or remotely
using the RDL function.

“AT” COMMAND INTERPRETER

The SSI 73D620 controller includes an AT command
interpreter which is compatible with the Hayes 1200
Smartmodem™ command set. Functions and fea-
tures included with intelligent modems are provided by
the 73D620 controller including auto-dial/auto-answer,
handshake with auto-fallback, and selectable puise or
DTMF dialing sequences.

The 73D620 is also compatible with other SSI modemy/
UART family members and can be used interchanga-
bly with these products. Modes not available will be
automatically disabled by the 73D620 controller in this
case.
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PIN DESCRIPTION - SSI 73D620 CONTROLLER

GENERAL

NAME DIP PLCC | TYPE | DESCRIPTION

VDD 40 44 | +5V supply £10%. Bypass with a 0.1 pF capacitor to ground.

GND 20 22 | Digital ground

X1 19 21 ! 11.0592 MHz clock input from the 73K222U.

RST 9 10 | Reset Input. A highon this pin for two machine cycles while the
oscillator is running resets the device. An internal pull-down
resistor permits power-on reset using a 0.1 pF capacitor to the
5V supply.

STNDLN 13 15 | Stand alone. Tie low for proper operation as a command
interpreter. Tie high to disable device.

EA 31 35 1 Tie to VDD.

AA 28 31 | Auto Answer at power-up. Tie high to enable auto answer on
power-up feature. Controllerwill automatically answeraringas
specified in the S0 register. Tie low to disable auto answer on
power-up.

FDCD 14 16 | Force on data carrier detect. Tie low to permanently force on
data carrier detect indication to controlier. Tie high or leave
floating to allow carrier detection from telephone line.

FDTR 15 17 l Force on data terminal ready. Tie low to permanently force on
the data terminal ready indication to the controlier. Tie highor
leave floating to allow data terminal ready indication to be
obtained from the 73K222U register.

STL 16 18 I Switched telephone lines. Tie high or leave floating if operating
with the public switched telephone network lines. Tie low if
operating with leased lines.

Ri 17 19 | Ring indication. Input to the controller from the telephone ring
isolation circuit.
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PIN DESCRIPTION - SSI 73D620 CONTROLLER (Continued)

MODEM INTERFACE

NAME DIP PLCC | TYPE | DESCRIPTION

MAOQ-MA2 6-8 7-9 o See SSI 73K222U pin description
DATA 1 2 10 See SSI 73K222U pin description
RD 4 5 0 See SS| 73K222U pin description
WR 5 6 o] See SSI 73K222U pin description
DCLK 2 3 (0] See SSI 73K222U pin description
INT 12 14 (0] See SSI 73K222U pin description
RXD 10 11 | See SSI 73K222U pin description
TXD 11 13 | See SSI 73K222U pin description

Note: Unused 73D620 controller pins are active, but not used for this application. These pins should be
left floating.

PIN DESCRIPTION - SSI 73K222U

GENERAL

NAME DIP PLCC | TYPE | DESCRIPTION

vDD 40 44 | +5V Supply +10%, bypass with a 0.1 and a 22 uF capacitor to
GND.

GND 20 22 | Ground. Connect to analog ground.

VREF 19 21 (0] VREF is an internally generated reference voltage which is
externally bypassedby a 0.1 uF capacitorto the systemground.

ISET 9 11 | The analog current is set by connecting this pin to VDD through
a 2MQ resistor. ISET should be bypassed to GND. Alterna-
tively, an internal bias can be selected by connecting ISET to
GND, which will result in a larger worst-case supply current due
to the low tolerance of on-chip resistors. Bypass with .1uF
capacitor if resistor is used.

XTLA1, 25 27 | These pins are inputs for the internal crystal oscillator requir-

XTL2 24 26 | ing an 11.0592 MHz crystal. XTL2 can also be driven from an
external clock.

CLK 21 23 0] Output Clock. This pin provides an 11.0592 MHz clock to drive

the 73D620 controller.

2-4
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GENERAL (Continued)

NAME

DIP

PLCC

TYPE

DESCRIPTION

RESET

10

12

Reset. An active signal (high) on this pin will put the chip into
aninactive state. The control register bits (except the Receiver
Buffer, Transmitter Holding, and Divisor latches) will be reset.
The output of the CLK pin willbe setto the crystal frequency. An
internal pull-down resistor permits power-on reset using a
0.1uF capacitor connected to the 5V supply.

STNDLN

15

17

Tie low to enable the dual-port mode of the chip. Thisis required
in order to operate properly with the 73D620.

UART INTERFACE

NAME

DIP

PLCC

TYPE

DESCRIPTION

UAO-UA2

37-39

41-43

UART Address. These pins determine which of the UART
registers is being selected during a read or write on the UART
data bus. The contents of the DLAB bit in the UART’s Line
Control Register also control which register is referenced. See
the SSI 73K222U data sheet.

27-34

30-37

1o

UART Data. Data or control information to the UART registers
is carried over these lines.

35

38

Data Input Strobe. A low on this pin requests a read of the
internal UART registers. Data is output on the D0-D7 lines if
DISTR and CS2 are active.

36

39

Data Qutput Strobe. A low on this pin requests a write of the
internal UART registers. Data on the D0-D7 lines are latched
on the rising edge of DOSTR. Data is only written if both
DOSTR and CS2 are active.

Chip Select. Alow onthis pin allows a read or write to the UART
registers to occur.

INTRPT

UART Interrupt. This signal indicates that aninterrupt condition
fromthe UART has occurred. If the Enable 8250A interrupt bit
in the interrupt Enable Register is 0 the interrupt is gated by the
DISTR signal to provide compatibility with the 8250B. The
output can be put in a high impedance state with the OUT2
register bit in the Modem Control Register. See the SSI
73K222U data sheet.

1191 - rev.
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Bell 212A/103, CCITT V.22, V.21
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PIN DESCRIPTION - SSI 73K222U (Continued)

ANALOG / LINE INTERFACE

NAME DIP PLCC TYPE DESCRIPTION
TXA1, 3 4 (o] Transmitted Analog (differential). These pins provide the ana-
TXA2 4 5 (0] log output signals to be transmitted to the phone line. The

drivers will differentially drive the impedance of the line trans-
former and the impedance matching resistor. An external
hybrid can also be built using TXA1 as a single ended transmit
signal; in such a case, TXA2 should be left floating.

RXA 16 18 | Received Analog. This pin inputs analog signals from the line
transformer to the two-to-four wire hybrid. This input can also
be taken directly from an external hybrid.

SPKR 17 19 (0] Speaker Output. This pin outputs the received signal through
a programmable attenuator stage, which controls volume or
disables the speaker.

OH 18 20 (0] Off-hook relay driver. This signal is an open drain output
capable of sinking 20mA and is used for controlling a hook
relay.

MICROPROCESSOR INTERFACE (STNDLN = 0)

NAME DIP PLCC | TYPE | DESCRIPTION

MAO0-MA2 12-14 14-16 | Modem Address Control. These lines carry register addresses
for the modem registers and are valid throughout any read or
write operation.

DATA 22 24 110 Serial Control Data. Serial control data to be read/written is

clocked in/out onthe falling edge of the DCLK pin. The direction
of datatransfer is controlled by the state of the RD pin. Ifthe RD
pinis active (low) the DATA line is an output. Conversely, if the
RD pin is inactive (high) the DATA line is an input.

RD 23 25 1 Read. Alow on this input informs the SSI 73K222U that control
data or status information is being read by the processor from
a modem register.

WR 26 28 | Write. Alow onthis input informs the SS1 73K222U that control

data or status information is available for writing into a modem
register. The procedure for writing is to shiftin data LSB firston
the DATA pinfor eight consecutive cycles of DCLK and then to
pulse WR low. Data is written on the rising edge of WR.
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MICROPROCESSOR INTERFACE (STNDLN = 0)

NAME DIP PLCC | TYPE | DESCRIPTION

DCLK 11 13 | Data Clock. The falling edge of this clock is used to strobe
control data for the modem registers in or out on the DATA pin.
The procedure for a WRITE is to shift in data LSB first on the
DATA pin for eight consecutive cycles of DCLK and then to
pulse WR low. Data is written on the rising edge of WR. The
falling edge of the RD signal must continue for eight cycles of
DCLK in order to read all eight bits of the reference register.
Read data is provided LSB first. Data will not be output unless
the RD signal is active.

|

z
.—rl
n
w
(@]

Modem Interrupt (with weak pull-up). This output signalis used
to inform the 73D620 controller that a change in a modem
detect flag has occurred. The controller then reads the Modem
Detect Register to determine which detect triggered the inter-
rupt. INT stays active until the controller reads the Modem
Detect Register or does a full reset.

UPRST 8 10 o] Microprocessor Reset. This output signalis used to provide a
hardware reset to the controller. This signal is high if the
RESET pin is high or the MCR bit D3 (OUT1) bitis set. See the
SSI 73K222U data sheet.

RXD 6 8 (0] RXD outputs data received by modem from telephone line.
This data is monitored by the 73D620 controller.

TXD 7 9 o] TXD is serial output of UART. This data is monitored by the
73D620 controller which checks for and executes the “AT”
commands downloaded from the computer's CPU.
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“AT” COMMANDS SUPPORTED
(Note: s=string; n=decimal, 0-255; x=Boolean, 0/1=false/true)

COMMAND | OPTIONS DEFAULT
A Repeats last command line N/A
A Answer N/A
Bx BELL/CCITT = 1/0* 1
Ds Dial string specified by s No string
Ex Command echo, 0/1 = off/on 1
Hn Hook status, 0/1 = on/off N/A
In ID code, 0/1/2/3/4 (see Table 5) N/A
Ln Speaker volume, (0)1/2/3 = lo/med/hi 2
Mn Speaker, 0/1/2/ = control (see Table 3) 1
On Online, 0/1/2/ = on-line/on-line with remote digital loopback N/A

(see Table 4)

P Pulse dial Pulse
Qx Quiet result, 0/1 = 1-quiet 0

R Reverse originate N/A
Sn=n Set S register (see Table 2) N/A
Sn? Return value in register n (see Table 2) N/A
T Touch tone dial Pulse
Vx Verbose result, 0/1 = off/on 1

Xn Result code, 0/1/2/3/4 (see Table 1) 4

Yx Enable long space disconnect, 1 = enable 0

z Restore all default settings N/A

*BO command (

modes.

Dial string arguments:

, = delay
; = return to command

@ = silent answer I =flash

W = wait for tone

2-8

R=reverse mode

CCITT mode) is operational only when using K-series modem/UARTS that include CCITT
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TABLE 1: Result Codes

Xn VOCAL/NUMERIC RESULT CODE

X0 OK/0, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4
X1 All functions of X0 + CONNECT (RATE)/1 = 300, 5 = 1200
X2 All functions of X1 + NO DIAL TONE/6

X3 All functions of X1 + BUSY/7

X4 All functions of X3 + NO DIAL TONE/6

TABLE 2: S Registers Supported

NUMBER FUNCTION UNITS DEFAULT
SO Answer on ring No. of rings 000"
S1 Ring counter No. of rings upto 8 000
S2 Escape code ASCII CHR$( ) 043
S3 Carriage return ASCII CHR$( ) 013
S4 Line feed ASCH CHR$() 010
S5 Back space ASCII CHR$( ) 008
S6 Wait for dial tone Seconds 002
S7 Wait for carrier Seconds 030
S8 Pause time Seconds 002
S9 Carrier valid 100 milliseconds 006
S10 Carrier drop out 100 milliseconds 007

S11 DTMF tone duration 1 millisecond 070
S12 Escape guard time 20 milliseconds 050
S13 Bit mapped register N/A
S14 Bit mapped register Decimal 0-255 Hex 6A
S15 Bit mapped register N/A
S16 Test register Decimal # 000

Valid for AA pin tied low.

191 - rev.
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DIP SWITCH FUNCTIONS SUPPORTED
(DIP switches are only read on power-up.)

PIN FUNCTION SETTINGS (Suggested default underlined)
FDTR Force DTR on Tie high or float: DTR signal controls modem
Tie low: DTR always on
STL Operate with switched Tie high or float: Switched telephone lines
telephone lines Tie low: Leased lines
FDCD Force DCD on Tie high or float: RS-232 DCD line follows carrier
Tie low: DCD line always on
TABLE 3: Speaker Modes TABLE 5: ID Codes
Mn SPEAKER MODE In CODE
MO Speaker off 10 Product code (139)
M1 Speaker on during connect only 11 ROM checksum
M2 Speaker on always 12 Checksum test
13 Product revision
TABLE 4: O Modes 14 Software copyright
On ONLINE/RETRAIN MODE
Q0 Return online
o1 Return online
02 Return online with remote digital
loopback enabled
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS
TA =0°C to 70°C, VDD = 5V + 10%, unless otherwise noted.

PARAMETER RATING UNIT
VDD Supply Voltage 7 A
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD +0.3 \

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETERS CONDITIONS MIN | NOM | MAX UNIT
VDD, Supply Voltage 45 5 55 \
TA, Operating Free-Air
Temperature 0 70 °C
External Component ?
VREF Bypass Capacitor 2 (External to GND) 0.1 na
Bias Setting Resistor (Placed between VDD
and ISET pins) 1.8 2 2.2 MQ
ISET Bypass Capacitor 2 ISET pinto GND 0.1 uF
VDD Bypass Capacitor 2 (External to GND) 0.1 uF
Input Clock Variation (11.0592 MHz) -0.01 +0.01 %

Note 1: Optional for minimum worst case current consumption.
Note 2: Minimum for optimized system fayout; may require higher values for noisy environments.
Note 3: Refer to application drawing for placement.
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DC CHARACTERISTICS

TA = 0°C to +70°C, VDD = 5V * 10%, unless otherwise noted.

PARAMETERS CONDITIONS MIN NOM | MAX UNIT
IDD, Supply Current
73K222U IDDA, Active ISET Resistor =2 MQ 8 12 mA
73K222U IDDA, Active ISET = GND 8 15 mA
73K222U IDD1, Power-Down CLK = 11.0592 MHz 3 4 mA
73K222U IDD2, Power-Down CLK =19.200 kHz 2 mA
73D620L IDDA, Active 11 15 19 mA
Digital inputs
Input High Current IIH | VI=VDD 100 HA
Input Low Current L | Vi=0 -200 HA
Input Low Voltage VIL 0.8 \
Input High Voltage VIH | Except RESET & XTL 1 2.0 \"
Input High Voltage VIH | RESET & XTL 1 3.0 \'
Pull Down Current RESET pin 5 30 pA
Input Capacitance 10 pF
Digital Outputs
Output High Voltage VOH | IOUT=-1mA 24 VDD \"
VOL UD0-UD7 and INTRPT | I0UT =3.2mA 4 v
VOL other outputs IOUT = 1.6 mA 4 Y
CLK Qutput VOL | IOUT=3.2mA 0.6 Vv
OH Output VOL | I0UT =20 mA 1.0 v
OH Output VOL | IOUT=10mA 0.5 \'
Offstate Current INTRPT pin VO =0V -20 20 HA
Analog Pins
RXA Input Resistance 200 kQ
RXA Input Capacitance 25 pF
2-12 1191 - rev.
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DYNAMIC CHARACTERISTICS AND TIMING
TA = 0°C to +70°C, VDD = 5V + 10%, unless otherwise noted.

PARAMETERS CONDITIONS MIN NOM | MAX UNIT
DPSK Modulator
Carrier Suppression Measured at TXA 55 dB
Output Amplitude ANS TONE 2225 or 2100 Hz -1 -10.0 -9 dBm0Q’
DPSK TX Scrambled Marks -1 -10.0 9 dBmo0
FSK Dotting Pattern -1 -10.0 -9 dBmo
FSK Tone Error Bell 103 or V.21 5 Hz
DTMF Generator
Freq. Accuracy -25 .25 %
Output Amplitude Low Band -10 -9 -8 dBm0
Output Amplitude High Band -8 -7 -6 dBmo
Long Loop Detect DPSK or FSK -40 -32 dBmo
Demodulator
Dynamic Range DPSK or FSK 45 dB
Call Progress Detector
Detect Level 2-Tones in 350-600Hz Band -39 0 dBmo0
Reject Level 2-Tones in 350-600Hz Band -46 dBmo
Delay Time -70dBmo0 to -30dBm0 Step 27 80 ms
Hold Time -30dBm0 to -70dBm0 Step 27 80 ms
Hysteresis 2 dB
Carrier Detect DPSK or FSK Receive
Threshold Data -49 -42 dBm0
Delay Time -70 dBmO to -30 dBmO Step 15 45 ms
Hysteresis 2 3.0 dB
Hold Time -30 dBmO to -70 dBmO Step 10 24 ms

191 - rev.

Note 1: Allunits in dBm0 are measured at the line side to the transformer. The interface circuit inserts an 8dB
loss in the transmit path (TXA1 - TXA2 to line), and a 3dB loss in the receive path (line to RXA).
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN NOM | MAX UNIT
Answer Tone Detector
Detect Level Threshold In FSK mode -49.5 -42 dBmo0
Delay Time -70dBm0 to -30dBm0 STEP 20 45 ms
Hold Time -30dBmo0 to -70dBm0 STEP 10 30 ms
Detect Frequency Range -25 +2.5 %
Hybrid Loading
R1 See Figure 1 600 Q
R2 Nominal telephone line load 600 Q
Cc TXA Hybrid Loading .02 .033 uF
Speaker Output
Gain Error -1 +1 dB
Output Swing SPKR 10K}|50pF LOAD 5% THD 2.75 VPP
Carrier VCO
Capture Range Originate or Answer -10 10 Hz
Capture Time -10Hz to +10Hz Carrier 40 100 ms
Frequency change assumed
Recovered Clock
Capture Range % of Center Frequency -625 +625 ppm
Data Delay Time Analog data in at RXA pin to 30 50 ms
receive data valid at RXD pin.
Guard Tone Generator
Tone Accuracy 550 or 1800Hz -20 +20 Hz
Tone Level 550 Hz -4.0 -3.0 -2.0 ds
(Below DPSK Qutput) 1800 Hz -7.0 -6.0 -5.0 dB
Harmonic Distortion 700 to 2900 Hz -60 dB
Capacitance
Inputs All digital inputs 10 pF
XTL1, XTL2 Per crystal manufacturer's 30 pF
load capacitors recommendations
CLK Maximum capacitive load 15 pF
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TXA1
R1
RXA
—l 600Q  Nominal telephone
C— line load.
1:1
TXA2 >—*

FIGURE 1: TXA Hybrid Loading Analog Interface Hybrid Loading

SERIAL BUS INTERFACE (See Figure 2)
The following times are for CL = 100pF.

PARAMETER MIN [ NOM | MAX UNIT
TRD Data out from Read 0 140 ns
TCKD  Data out after Clock 200 ns
TRDF  Data Float after Read 0 200 ns
TRCK  Clock High after Read 200 ns
TWW Write Width 140 25000 ns
TDCK  Data Setup Before Clock 150 ns
TCKD  Data Hold after Clock 20 ns
TCKW  Write after Clock 150 ns
TACR  Address setup before Control’ 50 ns
TCAR  Address Hold after Control ' 50 ns
TACW  Address setup before Write 50 ns
TCAW  Address Hold after Write 50 ns

191 - rev.

Note 1: Control is later of falling edge of RD or DCLK.
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FIGURE 2: Modem Serial Bus Timing

PARALLEL BUS INTERFACE (See Figure 3) The following times are for Cl = 100pF.

PARAMETER MIN MAX UNIT
RC Read Cycle = TAD + TRC 240 ns
TDIW DISTR Width 80 ns
TDDD Delay DISTR to Data (read time) 80 ns
THZ DISTR to Floating Data Delay 0 50 ns
TRA Address Hold after DISTR 20 ns
TRCS Chip select hold after DISTR 20 ns
TAR DISTR Delay after Address 20 ns
TCSR DISTR Delay after Chip Select 20 ns
wC Write Cycle = TAW + TDOW + TWC 140 ns
TDOW DOSTR Width 80 ns
TDS Data Setup 30 ns
TDH Data Hold 20 ns
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FIGURE 3: UART Bus Timing
PARALLEL BUS INTERFACE (Continued)
PARAMETER MIN MAX UNIT
TWA Address Hold after DOSTR 20 ns
TWCS Chip select hold after DOSTR 20 ns
TAW DOSTR delay after Address 20 ns
TCSW DOSTR delay after Chip Select 20 ns
TADS Address Strobe Width ns
TAS Address Setup Time ns
TAH Address Hold Time ns
TCS Chip Select Setup Time ns
TCH Chip Select Hold Time ns
TRC Read Cycle Delay 40 ns
TWC Write Cycle Delay 40 ns
TAD Address to Read Data 200 ns

191 - rev.
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TYPICAL PERFORMANCE
CHARACTERISTICS

The SS1 73K222U was designed using an integrated
analog/digital architecture that offers optimum per-
formance over a wide range of line conditions. The
SSI 73K222U utilizes the circuit design proven in
SSI's 73K222L one-chip modem, with added en-
hancements which extend low signal level perform-
ance and increase immunity to spurious noise typically
encountered in integral bus applications. The
SSI 73K222U provides excellent immunity to the
types of disturbances present with usage of the dial-up
telephone network. The following curves show repre-
sentative Bit Error Rate performance under various
line conditions. (See Figures 4, 5 and 6 Performance
Curves)

BER vs S/N

This test measures the ability of the modem to function
with minimum errors when operating over noisy lines.
Since some noise is generated by even the best dial-
up lines, the modem must operate with as low a S/N
ratio as possible. Optimum performance is shown by
curves that are closest to the zero axis. A narrow
spread between curves for the four line conditions
indicates minimal variation in performance when oper-:
ating over a range of line qualities and is typical of high
performance adaptive equalization receivers. High
band receive data is typically better than low band due
to the inherent design of PSK modems.
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FIGURE 4: SSI 73K222U Typical BER vs. S/N

FIGURE 5: SSI 73K222U Typical
BER vs. Receive Level
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BER vs Receive Level

This measures the dynamic range of the modem. As 10¢ —
signal levels vary widely over dial-up lines, the widest HIGH BAND RECEIVE
dynamic range possible is desirable. The minimum DPSK OPERATION

Bell specification calls for 36dB of dynamic range.
S/N ratios were held constant at the indicated values
while receive level was lowered from very high to very 10°
low signal levels. The ‘width of the bow!” of these
curves taken at the 10 and 10° BER points are a
measure of the dynamic range.

BER vs Carrier Offset 10

This parameterindicates how the modemperformance
is impacted by frequency shifts encountered in normal
PSTN operation. Flat curves show no performance
degradation fromfrequency offsets. The SSI K-Series [c2108dBSIN | L~
devices use a 2nd order carrier tracking phase-locked- 108
loop, which is insensitive to carrier offsets in excess of
10Hz. The Bell network specifications allow as much
as 7Hz offset, and the CCITT specifications require
modems to operate with 7Hz of offset.

{ 3002 11.5 dB SN}

BIT ERROR RATE

——
|t

10¢
12 8 4 0 -4 -8 12
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FIGURE 6: SSI 73K222U Typical

APPLICATIONS INFORMATION BER vs. Carrier Offset
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FIGURE 7: Typical Block Diagram for an Internal Modem Utilizing the SS1 73D2180 Chip-Set
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APPLICATIONS INFORMATION (Continued)
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FIGURE 8: Typical internal Modem Schematic Using the SSI 73D2180 Chip-Set
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PACKAGE PIN DESIGNATIONS

DATA []1 40 [] VDD T2 |1 40 [] VDD
DCLK [] 2 39 [] NC WT ]2 39 [] UAD
NC |3 38 [] NC ™ 3 38 {J UA1
RO )4 37[] NC ™2 [ 4 37 ] uA2
WR[]5 36 (] NC INTRPT [} 5 36 {] DOSTR
Mao [] 6 35 [] NC RXD []6 35 [] DISTR
MA1 []7 34 ] NC ™D 7 34 ] UD7
MA2 [] 8 33{] NC WwPRST [] 8 33 [] UD6
RST [] 9 32[] NC ISET [} 9 32 [} UDs
RXD [] 10 31[] EA RESET [] 10 31 ] uD4
XD [} 11 30 [] NC DCLK [} 11 30 [] UD3
NT 12 29 [1 NC MA2 [] 12 29 [] ubD2
STNDLN [] 13 28[] AA MA1 [] 13 28 [J uD1
FDCD [] 14 271 NC MAO [] 14 27 [] ubo
FOTR [ 15 26 [] NC STNDLN [] 15 26 ] WR
STL [} 16 25[] NC RXA [] 16 25 [1 XTL1
mg17 24 [] NC SPKR [| 17 24 [] XTL2
NC ] 18 23 [] NC OH [ 18 23 [] RD
x1 {] 18 22[] NC VREF [] 19 22 [] DATA
GND [] 20 21 [] NC GND [] 20 21[] CLK
SS1 73D620 40-pin DIP S$SI1 73K222U 40-pin DIP
< SRrEBgESESY
Epe3s5¢8eggy S i S R T a e e e
/‘E—?—?—?—?—?—iﬁ—ﬁ—ﬁ“ INTRPT[] 7 30 [1DOSTR
Mao []7 39 [INC RXD[l8 38 []DISTR
MAt [} 8 38 [INC ™0 [9 a7 [Jup7
maz o NG pRsTI 10 36 [1UD6
RST( 10 % [INC 1SET [ 11 35 [JUDs
RXD [ 3 [IEA RESET[] 12 34 [JUD4
Ne [ 12 34 [IJNC
0 [ 13 a8 ONC DCLK[] 13 33 [JUD3
T[] 14 32 [INC MA2[] 14 32 [Jub2
STNDLN[] 15 31 []AA MA1[l 15 31 [JUD1
ROCD [ 16 30 [INC MAO[] 16 ' 30 {]UDO
FOTR[]17 29 Jch STNDLNq 17 29 [JN/C
18 19 20 21 22 23 24 25 26 27 28 18 19 20 21 22 23 24 25 26 27 28 |
SE:rc592222% S EEES X B SGE
B z X gZ222¢2z= X é 5 .g g 3 g rd § 5 =
SS1 73D620 44-pin PLCC SSI 73K222U 44-pin PLCC
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SSI 73D2180

Bell 212A/103, CCITT V.22, V.21

Modem Device Set

ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SS1 73D2180 Chip-set 73D2180L-CP 73K222U-IP
Two 40-pin DIP packages 73D620L-CP
SSI 73D2180 Chip-set 73D2180L-CH 73K222U-I1H
Two 44-pin PLCC packages 73D620L-CH

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 573-6914

©1989 Silicon Systems, Inc.

Protected by the following patents: (4,691,172), (4,777,453)
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SSI 73D2240
V.22bis 2400 Bit/s
Modem Device Set

DESCRIPTION

The SSI 73D2240 is a set of two ICs that provide the
data pump functions needed to design a high-perform-
ance, low-power 2400 bit/s intelligent modemforuse in
dial-up telephone network applications. The 73D2240
consists of the SSI 73K224L 1-chip multi-mode mo-
dem along with the SSI 73D600, a companion super-
visory controller that provides a complete “AT” com-
mand and feature set compatible with industry stan-
dard products.

The 73D2240 includes operating modes compatible
with CCITT V.22bis, V.22, and V.21, as well as Bell
212A and 103 data communications standards. Using
advanced CMOS processes that integrate analog,
digital signal processing and switched capacitor filter
functions on the same chip, the SSI 73D2240 offers
excellent performance, full modem features and the
lowest power consumption available in a compact 2-
chip set.

November, 1991

FEATURES

Multi-mode V.22bis/V.22/V.21 & Bell 212A/103 com-
patible device set for intelligent modem designs

Full duplex operation at 0-300, 1200 and 2400 bit/s
with all synch & asynch operating modes

Includes high-level “AT” command Interpreter
compatible with 2400 bit/s industry standard prod-
ucts

73K600 Controller Compatible with other K-series
products

Complete complement of “AT” modeimn features

Selectable automatic speed detect, handshake and
autobaud functions

Supports external non-volatile memory to store
user configurations

Adaptive equalization for optimum performance
over all lines

(Continued) e Dynamic range from -3 to -45 dBm (Continued)
BLOCK DIAGRAM
Volume:Control
ox o lze Telephone Interface
- —&{xtaL1  Rxa [-EL
L1 VOD 5 —= XTAL2 VREF Fos—
Ao [ 32 ADO " RESET 53—
a1 |2 ADY ISET 55—
vc2 AD2 (52 AD2  RXCLK 23
NVSK  AD3 [ % AD3 RXD 122
g Aarm s RBpa—
s e 3 ADs  EXcLK 12
0o Kew B e ble—
T rxD 3 [ %ﬁ TXA
12| RiNGD Fém‘éﬁ b2 — o] voD 15—
] e Mﬂﬁ% T3K22AL
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SSI 73D2240
V.22bis 2400 Bit/s
Modem Device Set

DESCRIPTION (Continued)

The 73D2240 canbe usedinfree-standing and integral
modem designs where full-duplex 2400 bit/s operation
is required. Single 5V supply operation with extremely
low power draw make it ideal for battery powered
terminals, lap-top PCs and other power sensitive ap-
plications.

FEATURES (Continued)

Call progress, carrier and answer tone
detectors provide intelligent dialing functions

DTMF and CCITT guard tone generators

Test modes available - ALB, DL, RDL for
complete test capability

All CMOS technology for low power
consumption (< 600mW using +5V)

OPERATION

The SSI 73D2240 is a complete V.22bis intelligent
modem contained in two CMOS ICs. The device set
forms the basis for a high performance stand-alone
modem product with self-contained command inter-
preter, indicator LEDs, and interface lines for an RS-
232 serial port. Both data and commands are passed
over the serial port as in conventional intelligent mo-
dem designs.

The SSI 73D2240 provides the QAM, PSK and FSK
modulator/demodulator functions, call progress and
handshake tone monitors, test modes and a tone
generator capable of producing DTMF, answer and
CCITT guardtones. This device supports the V.22bis,
V.22, V.21 and Bell 212A/103 operating modes, both
synchronous and asynchronous. The 73D2240 is
designed to provide functions needed for an intelligent
modem and includes auto-dial/auto-answer, hand-
shake with auto-fallback, and selectable pulse or
DTMF dialing sequences to simplify these designs.

The SSI 73D2240 consists of two devices. The
SSI 73K224L is an analog processor and DSP that
performthe filtering, timing adjustment, level detection
and modulation/demodulation functions. The
§S173D600 is a command processor that provides
supervisory control and command interpretation. The
SSI173D600 is also compatible with the SSI 73K212,
221 and 222 K-series modem ICs.

2-24

QAM MODULATOR/DEMODULATOR

The SSI 73D2240 scrambles and encodes the
2400 bit/s incoming data into quad bits represented by
16 possible signal points as specified by CCITT recom-
mendation V.22 bis. The modulator transmits this
encoded data using either a 1200 Hz (originate mode)
or 2400 Hz (answer mode) carrier. The demodulator
reverses this procedure and recovers a data clock from
the incoming signal. Adaptive equalization corrects for
different line conditions by automatically changingfilter
parameters to compensate for line characteristics.

DPSK MODULATOR/DEMODULATOR

In DPSK mode the 73D2240 modulates the 1200 bit/s
incoming data using a subset of the QAM signal points
as specified by CCITT recommendation V.22bis, V.22
and Bell212A. The DPSK demodulator is similar to the
QAM demodulator.

FSK MODULATOR/DEMODULATOR

The FSK transmitter frequency modulates the analog
output signal using two discrete frequencies to repre-
sent the binary data. The Bell 103 standard frequen-
cies of 1270 and 1070 Hz (originate mark and space)
and 2225 and 2025 Hz (answer mark and space) orthe
V.21 standard frequencies of 980 and 1180 Hz (origi-
nate mark and space) and 1650 and 1850 Hz (answer
mark and space) are used when this mode is selected.
Demodulation involves detecting the received fre-
quencies and decoding them into the appropriate bi-
nary value.

PASSBAND FILTERS AND EQUALIZERS

Abandsplitfilteris included to shape the amplitude and
phase response of the transmit signal to a square root
75% raised cosine and provide rejection of out-of-band
signals in the receive channel.

ASYNCHRONOUS MODES

The character asynchronous modes are used for com-
munication between asynchronous terminals which
may vary the data rate from +1.5% to -2.3%. When
transmitting in this mode the serial data on the TXD
input is passed through a rate converter which inserts
or deletes stop bits in the serial bit stream in order to
output the data within 0.01%. The signal is routedto a
data scrambler (following the CCITT V.22bis algo-
rithm) and into the modulator. The 73D2240 recog-
nizes a break signal and handles it in accordance with
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specifications. Received data is processed in a similar
fashion except that the rate converter now acts to
reinsert any deleted stop bits. An incoming break
signal will be passed through without incorrectly insert-
ing a stop bit.

SYNCHRONOUS MODES

Synchronous operation is possible only with the QAM
or DPSK modes. Operation is similar to that of the
asynchronous mode exceptthat data mustbe synchro-
nized to a provided clock and no variation in data
transfer rate is allowable. External synchronous mode
is provided for a user supplied clock accurate to
10.01%. Serial input data appearing at TXD must be
valid on the rising edge of TXCLK. Receive data at the
RXD output is clocked outonthe rising edge of RXCLK.
The async/synch converter is bypassed when syn-
chronous mode is selected and data is transmitted out
atthe same rate as is input. The RXCLK, TXCLK and
EXCLK are for synchronous modes only.

AUTOMATIC HANDSHAKE

The SSI 73D2240 will automatically perform a com-
plete handshake as defined by the V.22bis, V.22 and
Bell 212A/103 standards to connect with a remote
modem. The 73D2240 automatically determines the
speed and operating mode and adjusts its operation to
correspond to that of an answering modem when
originating a call.

TEST MODES

The SSI 73D2240 aliows use of Analog Loopback,
Digital Loopback and Remote Digital Loopback test
modes. Full test mode capability allows testing of the
modem and interface functions from the local terminal
using the appropriate control commands, or remotely
~ using the RDL function.

191 - rev.

ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN

The SSI 73D2240 uses adaptive equalization which
automatically compensates for varying line character-
istics by adjusting taps on a multi-tap FIR filter. Opti-
mum performance is obtained with this technique over
a wide range of line conditions. When the line quality
deteriorates to a specified level the 73D2240 can
automatically initiate a retrain of the equalizer to re-
establish data communications without the need to go
through a complete handshake sequence.

“AT” COMMAND INTERPRETER

The SSI73D2240includes an AT command interpreter
which is compatible with the Hayes 2400 Smart-
modem™ command set. Functions and features in-
cluded with intelligent modems are provided by the
73D2240 command interpreter. The 73D600 control-
ler may also be usedwiththe 73K212,K221, and K222.
It will function with these parts in the modes supported
by the device. It will still support the Hayes Smart-
modem™ 2400 commands even though operation at
2400 bit/s will not be permitted. The controller reads
the device signature of the modem IC installed to
determine which modes should be allowed.

NON-VOLATILE MEMORY

The SSI 73D2240 supports connection to an external
non-volatile memory (National 9346 or equivalent) to
store dial strings and the current AT command con-
figuration. If NOVRAM is not present, the factory
default configuration is automatically used, but dial
string storage is not permitted.




SSI 73D2240
V.22bis 2400 Bit/s
Modem Device Set

SPEED/PROTOCOL COMPATIBILITY GUIDE

73D2240 originating as:

Bell ceirT
Calling a: 300 1200 300 1200 2400
Bell [ 300 (103) 300 300 - . 300
1200  (212) 300 1200 - 1200 1200
2400'  (224) 300 1200 1200 2400
CCITT | 300 (v.21) - - 300 -
1200  (V.22) 300 1200 1200 1200
2400  (V.22bis) 300 1200 - 1200 2400
73D2240 answering as:
Bell ceIT
Called from a: 300 1200 300 1200 2400
Bell 300  (103) 300 300 . - 300
1200  (212) 300 1200 1200 1200
2400  (224) 300 1200 - 1200 2400
cCCITT | 300 (V.21) . - 300 - .
1200  (V.22) 300 1200 - 1200 1200
2400  (V.22bis) 300 1200 - 1200 2400

' A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks.
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SSI 73D2240
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“AT” COMMANDS SUPPORTED
(Note: s=string; n=decimal, 0-255; x=Boolean, 0/1=false/true)

COMMAND | OPTIONS DEFAULT
A Repeats last command line N/A
A Answer N/A
Bx BELL/CCITT = 1/0 answer tone @1200 (N/A @2400) 1
DS=n Dial string specified by n, n = 0-3 n=0
Ex Command echo, 0/1 = off/on 1
Hn Hook status, 0/1 = on/off N/A
In ID code, 0/1/2 (see Table 8) N/A
Ln Speaker volume, (0)1/2/3 = lo/med/hi 2
Mn Speaker, 0/1/2/3 = control {see Table 3) 1
On Online, 0/1/2/3 = online/retrain/no retrain (see Table 4) N/A
P Pulse dial Pulse
Qx Quiet result, 0/1 = 1-quiet 0
R Reverse originate N/A
Sn=n Set S register (see Table 2) N/A
Sn? Return value in register n (see Table 2) N/A
T Touch tone dial Pulse
Vx Verbose result, 0/1 = off/on 1
Xn Result code, 0/1/2/3/4 (see Table 1) 4
Yx Enable long space disconnect, 1 = enable 0
Zx Restore from Non-Volatile Memory, x = 0 or 1 N/A
&Cx Carrier detect override, 0/1 = on/normal 0
&Dn DTR mode, 0/1/2/3 (see Table 5) 0
&F Restore to factory configuration N/A
&Gn CCITT guard tone, 0/1/2 = off/1800/550
&Jx Auxiliary relay control
&Mn Async/Sync mode, 0/1/2/3 (see Table 6)
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“AT” COMMANDS SUPPORTED (Continued)

COMMAND OPTIONS DEFAULT
&Px Pulse dial mode, 0/1=U.S./U.K. 0
&Qx Same as &M N/A
&Rx Enable RTS/CTS 0
&Sx DSR override, 0/1=U.S./U.K. 0
&Tn Test mode (see Table 7) N/A
&V View active configuration and user profiles N/A
&Wx Write current configuration to NVRAM x = 0 or 1 0
&Xn Sync Tx clock mode, 0/1/2=int/ext/slave 0
&Yx Designate default user profile Z0 or Z1 N/A
&n=s Store a telephone number n = 0-3 N/A
Factory configuration':

Bt E1 F1 L2 M1 P Q0 V1 X4 YO &CO &D0 &GO &JO &MO0 &P0 &R0 &S0 &T4 &X0

Dial string arguments:

, = delay

@ = silent answer | =flash

; = return to command s = dial stored number W = wait for tone  R=reverse mode

TABLE 1: Result Codes

Xn VOCAL/NUMERIC RESULT CODE

X0 OK/0, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4

X1 All functions of X0 + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400
X2 All functions of X1 + NO DIAL TONE/6

X3 All functions of X1 + BUSY/7

X4 All functions of X3 + NO DIAL TONE/6

TABLE 2: S Registers Supported

Sn FUNCTION UNITS DEFAULT
S0? Answer on ring No. of rings 000
St Ring counter No. of rings up to 8 000
S2 Escape code ASCII CHR$() 043
S3 Carriage return ASCII CHR$( ) 013

' Ifthe NOVRAM has not been initialized it may be necessary to Power down/Power up and type AT&F&W<cr>
to properly initialize modem state.
2 Stored in NVRAM with &W command
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TABLE 2: S Registers Supported (Continued)

NUMBER FUNCTION UNITS DEFAULT
S4 Line feed ASCIl CHR$( ) 010
S5 Back space ASCII CHR$() 008
S6 Wait for dial tone Seconds 002
S7 Wait for carrier Seconds 030
S8 Pause time Seconds 002
S9 Carrier valid 100 milliseconds 006
S$10 Carrier drop out 100 milliseconds 014

St1 DTMF tone duration 1 millisecond 070
S12 Escape guard time 20 milliseconds 050
S13 Unused N/A
*S14? Bit mapped register Decimal 0-255 170
S$15 Unused N/A
S16 Test register Decimal # 000
S18 Test timer Decimal 0-255 000
S19 Unused N/A
S20 Unused N/A
*S212 Bit mapped register Decimal 0-255 000
*S222 Bit mapped register Decimal 0-255 118
*S23? Bit mapped register Decimal 0-255 007
S24 Unused N/A
S§252 DTR delay 10 milliseconds 005
S262 CTS delay 10 milliseconds 001
*S272 Bit mapped register Decimal 0-255 064

1191 - rev.

* The bit mapped register functions are equivalent to normal “AT” command modem registers. They are not
needed for evaluation of the 73D2240 capabilities.

Asynchronous character formats supported:
[Number of data bits, parity (even/odd/none), number of stop bits]
1200/2400 bit/s: 7N2, 7E1, 701, 8Nt 300 bit/s: 7N2, 7E1, 701, 8N1

2 Stored in NVRAM with &W command
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TABLE 3: Speaker Modes

TABLE 6: Synchronous Modes

TABLE 4: O Modes

Mn SPEAKER MODE &Mn SYNCHRONOUS MODE
MO Speaker off &MO Asynchronous
M1 Speaker on during connect only &M1 Sync mode entered upon completion of
M2 Speaker on always connect sequence
- &M2 Dial stored number on OFF to ON tran-
M3 Speaker on during call progress sition of DTR and go online
&M3 Manual dial using DTR as talkk data

switch

On ONLINE/RETRAIN MODE
TABLE 7: Test Modes
00 Return online
o1 Return online with retrain &Tn TEST MODE
02 Enable automatic retrain (default) &T0 | End/Aborttest
o3 Disable automatic retrain &T1 Initiate local analog loopback (L.3)
&T3 Initiate local digital loopback
&T4 Permit remote digital loopback (L2)
TABLE 5: DTR Modes
&T5 Prohibit remote digital loopback
&Dn | DTR MODE &T6 | Initiate remote digital loopback (L2)
&D0 Ignore DTR &T7 Initiate RDL with self-test and error
detector
&D1 Go to command state if ON to OFF
detected &T8 Initiate ALB with self-test and error
detector
&D2 Go to command state and disable auto-
answer if ON to OFF detected
&D3 Initialize modem with NVRAM if ON to

OFF detected

2-30

TABLE 8: ID Codes

In CODE

10 Product code (249)
(] ROM checksum
12 Checksum test

13 Product revision
14 Software copyright
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HARDWARE INTERFACE

POWER SUPPLIES AND CLOCKS

LABEL o] PIN CONNECTION DESCRIPTION
73K224L 73D600
VDD | 15 40 Positive supply (+5V)
GND | 28 System ground
GND | 28 Digital ground
X1 | 19 Clock input 11.0592 MHz
CLK (0] 1 Clock output 11.0592 MHz
RST | 25 9 Reset (10 pF & 8.2k)
DAA INTERFACE
RxA | 27 Receive analog from DAA
TxA (o) 16 Transmit analog to DAA
VC1 O 6 Audio volume control
vC2 0] 4 Audio volume control
RINGD | 12 From ring indicator
OH o] 1 Off hook relay control
AUX o] 21 Aucxiliary relay control

RS-232/V.24 INTERFACE

RI 0 22 Ring indicator output
HS 0 23 Indicates high speed
TXD | 21 10 Digital data from terminal
RXD 0 22 11 Digital receive data
DCD 0 3 Data carrier detect
DSR 0 24 Data set ready
EXCLK | 19 External Tx sync clock input
RXCLK (@) 23 Receive clock ouptut
TXCLK (o] 18 Transmit clock output
CTS 0 8 Clear to send
RTS ! 2 Request to send
DTR ! 7 indicates DTE available
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HARDWARE INTERFACE (Continued)

LED DISPLAY SIGNAL SOURCE

PIN CONNECTION
LABEL 1/0 73D600 DESCRIPTION
TR LED 28 Data terminal ready (Active Low)
SD LED 11 Transmit data (Mark = High)
RD LED 10 Receive data (Mark = High)
CD LED 25 Data carrier detect (Active Low)
HS LED 23 High speed indicator (Active Low)
MR LED 27 Modem ready/test in progress (Active Low)
AA LED 26 Auto answer indicator (Active Low)
OH LED 1 Off hook indicator (Active Low)
NVRAM INTERFACE 73D600
NVCE (@) 15 NVCE
NVRM 110 14 NVRM
NVSK 0] 5 NVSK
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
VDD Supply Voltage 73K224L 7 \'
73D600 7 \'
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Applied Voltage -0.3to VDD+0.3 Vv

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are short-circuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER | CONDITIONS [ MIN | NOM | MAX [ UNITS
External Components (Refer to Application section for placement.) :
VREF Bypass capacitor (VREF to GND) 0.1 uF
Bias setting resistor (Placed between VDD
and ISET pins) 1.8 2 2.2 MQ
ISET Bypass capacitor (ISET pin to GND) 0.1 uF
VDD Bypass capacitor 1 (VDD to GND) 0.1 uF
VDD Bypass capacitor 2 (VDD to GND) 22 uF
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RECOMMENDED OPERATING CONDITIONS (continued)

PARAMETER [ coNDITIONS [ min | NOM [ max | uNITS
External Components - 73D600
VDD Bypass Capacitor VDD to GND 1 uF
XTL1, 2 Load Capacitors Typical, depends on crystal 15 40 pF
Clock Variation (11.0592 MHz) Crystal or -0.01 +0.01 %
external clock
TA, Operating Free-Air 0 55 °C
Temperature
DC ELECTRICAL CHARACTERISTICS
(TA = 0°C to 55°C, VDD =recommended range unless otherwise noted.)
VDD Supply Voltage
73D600, 73K224L | [475] 5 | 55 v
IDD, Supply Current CLK = 11.0592 MHz
73K224L ISET Resistor = 2 MQ
IDD1, Active 25 30 mA
IDD2, Idle CLK = 11.0592 MHz 3 5 mA
73D600
IDD1, Active 16 mA
IDD2, Idle 3.7 mA
Digital Inputs 73K224L
VIL, Input Low Voltage 0.8 \')
VIH, Input High Voltage
All Inputs except Reset 2.0 VDD \"
XTL1, XTL2
Reset, XTL1, XTL2 3.0 vDD \'
11H, Input High Current VI = VIH MAX 100 A
liL, Input Low Current VI = VIL MIN -200 pA
Reset Pull-down Current Reset = VDD 5 50 HA
Digital Outputs 73K224L
VOH, Output High Voltage 10 = IOH Min 24 vDD Vv
IOUT = -0.4 mA
VOL, Output Low Voltage 10 =10UT = 1.6 mA 0.4 \'
VOL, CLK Output 10UT = 3.6 mA 0.6 \Y
RXD Tri-State Pull-up Curr. | RXD = GND -5 -50 HA
Capacitance 73K224L
Inputs Input capacitance, all Digital Input 10 pF
pins
CLK Maximum Capacitive Load 15 pF
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DC ELECTRICAL CHARACTERISTICS (Continued)

PARAMETER | CONDITIONS [ min | Nom | max | uniTs
Digital Inputs 73D600
VIL, Input Low Voltage 0 .2VDD-1 \J
VIH, Input High Voltage
Reset, X1 .7VDD VDD \'
All Other Pins .2VDD VDD \
+.9
lIL, Low input Current Vin=045V -50 HA
ITL, Logic 1t0 0
Transition Current Vin = 2.0V -500 uA
Digital Outputs 73D600
VOH Output High Voltage
All Ports
Except ALE, ADO-7 IOH = -80 uA 24 \'%
ADO-7, ALE I0H = -400 pA 2.4
VOL Output Low Voltage
All Ports
Except ALE, ADO-7 IOL = 1.6 mA 0.45 \
ADO-7, ALE I0L =3.2mA 0.45 \Y
Reset Pull Down Resistor 40 125 kQ
DYNAMIC CHARACTERISTICS AND TIMING
(TA = 0°C to +55°C, VDD = recommended range unless otherwise noted.)
PARAMETERS | CONDITIONS | min | NoM | max | uNiTs
QAM/DPSK Modulator
Carrier Suppression Measured at TXA 35 dB
Output Amplitude TX scrambled marks -11.5 | -10.0 -9 dBm0
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -0.31 +.20 %
Transmit Level Transmit Dotting Pattern -11.5 ] -10.0 -9 dBmo
Output Distortion All products through BPF -45 dB
Sum of Output Bias Transmit Dotting Pattern -20 +20 %
Distortion and Output Jitter | in ALB @ RXD Bell 103 Originate
2100 Hz Answer Tone Generator
Output Amplitude -11.5 -10 -9 dBm0
Output Distortion All products though BPF -40 dB

NOTE: Parameters expressed in dBm0 refer to the following definition:
0 dB loss in the Transmit path to the line.

2 dB gain in the Receive path from the line.
Refer to the Basic Box Modem diagram in the Applications section for the DAA design.
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN NOM MAX UNITS
DTMF Generator
Freq. Accuracy 0.03 +0.25 %
Output Amplitude -10 -8 dBmo
Output Amplitude -8 -6 dBmoO
Twist High-Band to Low-Band 1.0 2.0 3.0 dB
Receiver Dynamic Range Refer to Performance Curves -43 -3 dBmo
Call Progress Detector In Call Init mode
Detect Level 460 Hz test signal -34 0 dBmo0
Reject Level -50 dBmo0
Delay Time -70 dBmO to -30 dBmO STEP 25 ms
Hold Time -30 dBmo0 to -70 dBmO STEP 25 ms
Hysteresis 2 dB
Carrier Detect
Threshold FSK receive data -51 -40 dBmo0
Threshold QAM/DPSK receive data -49 -43 dBmo0
Hysteresis All Modes 2 daB
DPSK | -70 dBmo0 to -6 dBm0 15 20 25 ms
-70 dBm0 to -40 dBm0 15 20 25 ms
Delay Time
QAM -70 dBmo to -60 dBm0 25 30 35 ms
-70 dBmoO to -40 dBm0 25 33 41 ms
DPSK | -6 dBmO to -70 dBm0 15 22 28 ms
Hold Time -40 dBmoO to -70 dBmO 10 15 20 ms
QAM -6 dBm0 to -70 dBm0 44 60 66 ms
-40 dBmo0 to -70 dBm0 21 26 31 ms
Answer Tone Detectors Call Init Mode
Detect Level -56 -45 dBmoO
Detect Time For signals from 7 40 ms
Hold Time -610 -40 dBmO, 2100 or 2225 Hz | 10 50 ms
Detect Time Demod Mode for signals from 4 26 ms
Hold Time -6 to -40 dBm0, 2100 or 2225 Hz 11 43 ms

1191 - rev.
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS MIN | NOM MAX | UNITS
Pattern Detectors DPSK Mode
S1 Pattern
Delay Time For signals from -6 to -40 dBm0, 5 65 ms
Hold Time Demod Mode 4 45 ms
Unscrambled Mark
Delay Time For signals from -6 to -40 dBmO, 5 45 ms
Hold Time Demod or call Init Mode 5 45 ms
Recelve Level Indicator
Detect On -21 dBm0
Valid after Carrier Detect 10 ms
Output Smoothing Filter
Output Impedance TXA pin 200 300 Q
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 dB 50 pF
in 0.3 to 3.4 kHz range
Maximum Transmitted 4 kHz, Guard Tones off -35 dBmo0
Energy 10 kHz, Guard Tones off -55 dBm0
12 kHz, Guard Tones off -65 dBm0
Anti Alias Low Pass Filter (Frequency kHz)
Out of Band Signal Energy | Level at RXA pin with receive
(Defines Hybrid Trans- Boost Enabled
Hybrid loss requirements) Scrambled data at 2400 bit/s -14 dBm
in opposite band
Sinusoids out of band -9 dBm
Clock Noise TXA pin; 153.6 kHz
73K224L | | 15 | mvrms
Carrier Offset
Capture Range | Originate or Answer l +7 +10 | Hz
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS | min | Nom | max | uniTs
Recovered Clock
Capture Range % of frequency originate or -.02 +.02 %
answer
Guard Tone Generator
Tone Accuracy 550 Hz +1.18 %
1800 Hz -0.7
Tone Level 550 Hz -5.0 -3.0 -2.0 dB
(Below QAM/DPSK 1800 Hz -8.0 -6.0 -5.0 dB
Qutput)
Harmonic Distortion 550 Hz -60 dB
(700 to 2900 Hz) 1800 Hz -60 dB
Timing (Refer to Timing Diagrams)
TAL CS/Addr. setup before ALE 30 ns
TLA CS/Addr. Hold after latch 20 ns
TLC Latch to RD/WR control 40 ns
TCL RD/WR Control to Latch 0 ns
TRD Data out from RD 0 160 ns
TLL ALE width 50 ns
TRDF Data float after READ 0 5 ns
TRW READ width 171 25000 ns
TWW WRITE width 140 25000 ns
TDW Data setup before WRITE 150 ns
TWD Data hold after WRITE 20 ns

1: Control for setup is the falling edge of RD or WR.

Control for hold is the falling edge of RD or the rising edge of WR.

ALE

l‘ TLL'l

S

Tc |+_1_'R_W_.,| TCL |

TLC

TWwW
e

TRD TRDF

i e "
ADDRESS

oo 5

S C—
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PERFORMANCE DATA

(This performance data was taken using an AEA tester and the 7302402 MEU board.)

TYPICAL BER PERFORMANCE

(-20dBm receive level 10-5 BER)

PARAMETER - RECEIVE BAND C-WEIGHTED MINIMUM SNR REQUIRED
2400 bit/s  Originate 17 dB SNR

2400 bit/s  Answer 18.5 dB SNR

1200 bit/s  Originate 8.0 dB SNR

1200 bit/s Answer 8.5 dB SNR

0-300 bit/s Originate 8.0 dB SNR

0-300 bit’s Answer 8.0 dB SNR
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PIN DIAGRAMS
(TOP VIEW)
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PIN DIAGRAMS org 1 40 [y voo
RIS[] 2 39 [] ADO
(TOP VIEW) o - . % o
vea g 4 37 [] AD2
NVSK [] 5 36 [] AD3
CLK [] 1 28 [] GND ver[] e 35 % AD4
xTu [ 2 27 [] RXA DR 7 34 [] ADS
XTL2 3 26 VREF TS 8 33 D AD6
ADO [ 4 25 [] RESET RST[] 9 . S8 22 a AD7
AD1 5 24 ISET TXD [ 10 3 XEN
A2 (] 6 23 [] RXCLK i 30 ] ALE
AD3 [ 7 ssi 22 N Rxp RINGD {] 12 29 %;RFSEN
73K224L-CP TXINT [] 13 28
:Z : :jgo NVRM [] 14 27 ] WR
AD6 10 19 EXCLK NVeE [ 18 2y o
WR[] 16 25 ] TO
AD7 [ 11 18 g TXCLK RO 17 24 [ D8R
ALE [] 12 17 [] INT X2 [] 18 23 As
WA [] 13 16 [] TXA xi ] 19 2w
RO [ 14 16 [} VDD GND [] 20 21 [] AUX
28-Pin DIP 40-Pin DIP
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
881 73D2240 Dual In-Line Package SS173D2240-CP
28-pin Plastic DIP 73K224L-CP
40-pin Plastic DIP 73D600A-CP
SSI 73D2240 Surface Mount Package SSI 73D2240-CH
28-pin Plastic Leaded Chip Carrier 73K2241.-28CH
32-pin Plastic Leaded Chip Carrier 73K224L-CH
44-pin Plastic Leaded Chip Carrier 73D600A-CH
52-Lead Quad Fine Pitch Package 73K224L-52CG

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights
of third parties resulting from its use. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Copyright Notice:
The software contained within certain components of the Silicon Systems, Inc. 73D2240 is copyright protected and may only be used in
conjunction with the 73D2240 product as supplied by Silicon Systems, Inc. No license to reproduce this software is granted or implied. This

material may not be reproduced in any form without the express written permission of Silicon Systems, Inc. © Copyright 1989. All rights
reserved.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 573-6914

Protected by the following patents:
(4,777,453) (4,789,995) (4,87C,370) (4,847,868) (4,866,739) 2-46 1191 - rev.
©1990 Silicon Systems, Inc.
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SSI 73D2247
MNPS5, V.42bis Datacom
Modem Device Set

Advance Information

DESCRIPTION

The SSI 73D2247 Chip Set consists of two CMOS
integrated circuits which provide the data pump and
protocol functions required to implement a high per-
formance 2400 bit/s modemwith error control and data
compression. The basic modem function is provided
by the SSI 73K224L modem chip and is compatible
with CCITT V.21,V.22, V.22bis and Bell 103 and 212A
protocols. The error control functions are provided by
modular software running inthe SS173D630 controller.
Moduies are available for MNP4, and V.42. Compres-
sion software modules can be can be added to the
controller; MNP5 and V.42bis are available. Provi-
sions for customization of the Command Set are pro-
vided, forming the basis for an International Modem.

November 1991

FEATURES

Combines Modem and Protocol Controller
Supports 0 - 300, 1200 and 2400 bit/s with both
Sync and Async Modes

Modular Software Design Allows Customization
Modem Protocols:

Bell 103, 212A

CCITT V.22, V.22bis
Error Control/Compression Protocols Avail-
able: MNP4, MNP5, CCITT V.42, V.42bis
Supports Non-volatile Memory to Store User
Configurations and Phone Number Blacklists

CMOS Design for Low Power Consumption

MNP5, V.42bis Datacom
Modem Device Set

1191 - rev.

CAUTION: Use handling procedures necessary
for a static sensitive component.
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FUNCTIONAL DESCRIPTION

The SSI 73D2247 chip set forms the basis for an
international modem design incorporating the most
advanced error control and compression algorithms.
The set consists of two chips, the SSI 73K224L modem
and the 73D630 controller. Customization of the con-
troller is one of the features of this chip set; software
modules allow the modem vendorto provide arange of
features from a standard hardware platform.

The 73K224L provides the QAM, PSK and FSK modu-
lator and demodulator functions, call progress and
handshake tone monitors, test modes and a tone
generator capable of producing DTMF, answer and
CCITT guardtones. This single-chip modem supports
the V.22bis, V.22, V.21 and Bell 103/212A operating
protocols in both sync and async modes. Low level
functions of the controller provide for automatic detec-
tion of DTE speed, auto-dial, auto-answer, handshake
with fallback and call progress detection.

Four coded versions of the 73K224L are available; the
73K224LT is used with code designed to use only AT
commands. Similarly, the 73K224LP, 73K224LV and
73K224L.Z are used in versions supporting MNP, V.42
and V.42bis.

The 73D630 controller handles both the low level
modem functions as well as protocol negotiation and
protocol operation. Software modules can be chosen
to provide the desired protocols for product
customization and differentiation. In addition, the “AT”
command set source code will be available for those
desiring to provide unique or country dependent
features.

QAM Modulator/Demodulator
PSK Modulator/Demodulator

FSK Modulator/Demodulator
Passband Filters and Equalizers
Adaptive Equalization with Retrain

Basic capabilities of the modem are those found inthe
73K224L Single-Chip Modem and are listed in the
separate 73K224L data sheet.

AUTOMATIC HANDSHAKE

The 73D2247 will automatically perform a complete
handshake with a called or calling modem and enter
the data transfer mode. After the link between the two

2-48

modems has been established, the modems may
remain in the normal data mode or negotiate a link
which has error control and data compression.
Commands are provided to inform the modem which
action is appropriate.

TEST MODES

The 73D2247 chip set has provisions for three test
modes: analog loopback, digital loopback and remote
digital loopback. Analog loopback allows data to be
sent into the local modem, have it modulated and then
demodulated and returned to the local terminal. Digital
loopback requires the cooperation of the user at the
remote end and allows data to be sent to the remote
modem, demodulated, then remodulated and returned
to the local end. Remote digital loopback aliows the
same capability, without the need for a remote opera-
tor; signals are sent to the remote modem which
perform the switching task that a remote operator
would have done.

AT COMMAND INTERPRETER

The SSI 73D2247 includes an AT Command Inter-
preter which is a superset of the Hayes 2400
Smartmodem™ command set. Common application
software will be able to control the modem though this
interpreter. Additional commands have been added to
provide for control of the MNP and CCITT V.42 modes.

NON-VOLATILE MEMORY

Two modes of operation depend on the use of non-
volatile memory: end user configuration storage and
telephone number blacklisting. Current hardware
provides for a 2K byte memory of which about 400
bytes are used for setup and telephone number
storage. The remaining 1600 bytes are avaliable.
Memory address space allocated to non-volatile RAM
is 8K, so an expansion factor of 4 is available.
Alternatively, the address space could be decoded for
more hardware functionality.
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PROTOCOLS

Microcom Networking Protocol (MNP)

MNP4 is a protocol offering error control while MNP5
offers data compression. Data to be transmitted is
broken into blocks of varying sizes, depending on line
conditions, and sent to the remote modem along with
a 16-bit Cyclic Redundancy Check word. If the algo-
rithm used to derive the CRC word at the transmitter
does not produce an identical word when exercised on
the received data, a line érror is assumed, and the
block is repeated. Data compression is obtained by
transmitting a short set of characters for a longer
redundant set. At the receiver, the short string is
replaced with the longer string that it represented, and
the data stream is returned to its original state.

CCITT V.42 and V.42bis

The CCITT has ratified a set of protocols which operate
inamanner similarto MNP. MNP4 correspondsto V.42
while MNP5 corresponds with V.42bis. Greater effi-
ciency is offered, but the tradeoff is a larger memory
space requirement. MNP5 requires an 8K buffer, while
V.42bis requires 32K. Data files which show com-
pression ratios approaching 2:1 with MNP5 may show
ratios of nearly 4:1 with V.42bis.

1191 - rev.

2-49

ADDITIONAL INFORMATION

The SSI 73D2247 Design Manual completely defines
the AT commands, gives a description of the hardware
and provides instructions for modifying the code for
customization. Please contact your local Silicon Sys-
tems sales office or Silicon Systems headquarters in
Tustin for a copy of the SSI 73D2247 design manual.
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AT COMMAND SUMMARY ’

Command Description Command Description

AT command prefix — precedes command line X4 enable features represented by result codes 0-7, 10-12
<CR>  carriage retumn ch — termil d line Yo disable long space di:
A go into answer mode; attempt to go 1o on-line state Y1 enable long space disconnect
N re-execute previous command line; Z0 reset modem

not preceded by AT nor foliowed by <CR> &C0 assume data carrior always present
BO select CCITT V.22 standard for 1200 bit/s communication aC1 track presence of data carrier
B1 select Boll 212A standard for 1200 bit/s communication D0 Ignore DTR signal
D rd;zzldr;umber that follows; attempt to go to on-line state, originate aD1 assume comman d state when an on-to-off

transition of DTR occurs

DS=n  dial stored number in location ‘" (0-3) &D2 hang up and assume command state when an on-to-off
EO Disable character echo in command state transition of DTR occurs
E1 Enable ch ter echo in d state &D3 reset when an on-to-off transition of DTR occurs
Ho go on hook (hang up) &F recall factory settings as active configuration
H1 go off hook; operate auxiliary relay &GO no guard tone
10 request product indentification code &G1 550 Hz guard tone
3] perform checksum on firmware ROM; return checksum &G2 1800 Hz guard tone
12 perform checksum on firmware ROM; &K flow control method

returns OK or ERROR result codes &M asynchronous mode

LOorL1 low speaker volume aM1 synchronous mode 1

L2 medium speaker volume &M2 synchronous mode 2

L3 high speaker volume &M3 synchronous mode 3

Mo speaker off &Q5 error control mode

M1 speaker on until carrier detected 806 automatic speed buffering (ASB)

M2 speaker always on &T0 terminate test in progress

M3 'speaker on until carrier detected, except during dialing &T1 initiate local analog loopback

00 90 1o on-line state aT3 initiate local digital loopback

01 g0 to on-line state and initiate equalizer retrain at 2400 bi/s &T4 grant request from remote modem for RDL
Qo moedem returns result codes &T5 deny request from remote modem for RDL

e} modem does not return result codes &T6 initiate remote digital loopback

Sr set pointer to register “r" &T7 initiate remote digital loopback with self test
Sr=n set register “r” to value “n” &T8 initiate local analog loopback with self test
Sr? display value stored in register “r" &V view active configuration, user profiles, and stored numbers
vo display result codes in numeric form

&wWo save storable parameters of active configuration
1% display result codes in verbose form (as words) &X0

wo negotiation progress result codes not returned

modem provides transmit clock signal

&X1 data terminal provides transmit clock signal
w1 negotiation progress result codes returned 8X2  receive carrier provides ransmit clock signal
X0 enable features represented by result codes 0-4 &Zn=x  store phone number “x" in location “n” (0-3)
X1 enable features represented by result codes 0-5, 10-12
X2 enable features represented by result codes 0-6, 10-12
X3 enable features represented by result codes 0-5, 7, 10-12
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Dial string arguments:
, = delay @ = silent answer ! = flash
; = return to command s = dial stored number W = wait for tone R=reverse mode

If the NovRAM has not been initialized it may be necessary to Power down/Power up andtype AT&F&W<cr>
to properly initialize modem state.

TABLE 1: Result Codes

Xn VERBOSE/TERSE RESULT CODES
X0 OK/0, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4
X1 All functions of X0 + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400
X2 All functions of X1 + NO DIAL TONE/6
X3 All functions of X1 + BUSY/7
X4 All functions of X3 + NO DIAL TONE/6, NO ANSWER/8
TABLE 2: S Registers Supported
Sn FUNCTION UNITS DEFAULT
SO! Answer on ring No. of rings on which to answer 0002
S1 Ring counter No. of rings accumulated 000
S2 Escape code ASCIli CHR Decimal 0-127 043
S3 Carriage return ASCII CHR Decimal 0-127 013
S4 Line feed ASCII CHR Decimal 0-127 010
S5 Back space ASCII CHR 008
S6 Wait for dial tone Seconds 002
s7 Wait for carrier Seconds 030
S8 Pause time Seconds 002
S9 Carrier valid 100 milliseconds (0.1 sec) 006
S10 Carrier drop out 100 milliseconds (0.1 sec) 014
S11 DTMF tone duration 1 millisecond (0.001 sec) 070
S12 Escape guard time 20 milliseconds (0.05 sec) 050
S$13 Unused N/A
*S14 Bit mapped register Decimal 0-255 170

! Stored in NVRAM with &W command.
2 Modem will not answer until value is changed to 1 or greater.
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TABLE 2: S Registers Supported (Continued)

NUMBER FUNCTION UNITS DEFAULT
§15 Unused N/A
S16 Test register Decimal # 000
S17 SSi Special test register Decimal 0-255 096
S18 Test timer Decimal 0-255 000
S19 Unused N/A
S20 Unused N/A

*s21! Bitmapped register Decimal 0-255 000
*§22! Bitmapped register Decimal 0-255 118
*S231 ‘Bitmapped register Decimal 0-255 007
S24 Unused N/A
S25! DTR delay 10 milliseconds (0.01 sec) 005
S26' CTS delay 10 milliseconds (0.01 sec) 001
*827! Bitmapped register Decimal 0-255 064
S36 Negotiation failure treatment 5
8§37 Desired modem line speed Decimal 0-9 000
S38 Hang-up timeout 20
S39 Current flow control setting 3
S43 Current DCE speed 0
S46 Protocol/Compression selection 2
S48 Feature negotiation action 7
S49 ASB Buffer low limit 1-249 8
S50 ASB Buitfer high limit 2-250 16
S82 Break select register 128
S95 Extended result code bit map 0

* The bitmapped register functions are equivalent to normal “AT” command modem registers.

' Stored in NVRAM with &W command
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PACKAGE PIN DESIGNATIONS (Top View)
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SS1 73D2247-F
MNP5, V.42bis Datacom
and FAX Modem Device Set

Advance Information

DESCRIPTION

The SSI 73D2247-F Chip Set consists of two CMOS
integrated circuits which provide the data pump and
protocol functions required to implement a high perfor-
mance 2400 bit/s modem with error control and data
compression. The basic modem function s provided by
the SSI 73K224L modem chip and is compatible with
CCITT V.21, V.22, V.22bis and Bell 103 and 212A
protocols. The error control functions are provided by
modular software running in the SSI 73D630 controller.
Modules are available for MNP4, and V.42. Compres-
sion software modules can be added to the controller,
MNPS5 and V.42bis are available.

Send and Receive FAX capability is provided by adding
aYamaha YTM401 device. Firmware supporting class |
FAX commands is provided.

Provisions for customization of the Command Set are
provided, forming the basis for an International Modem.

November 1991

FEATURES

* Combines Modem and Protocol Controlier
* Supports 0 - 300, 1200 and 2400 bit/s with both
Sync and Async Modes
* ModularSoftware Design Allows Customization
* Modem Protocols:
Bell 103, 212A
CCITT V.22, V.22bis
* ErrorControl/CompressionProtocols Available:
MNP4, MNP5, CCITT V.42, V.42bis

* Supports Non-volatile Memory to Store User
Configurations and Phone Number Blacklists

¢ CMOS Design for Low Power Consumption
¢ Available with MNP5 only: 73D2247/5
¢ Send and Receive FAX Capability

9600, 7200, 4800, 2400 bit/s
Firmware Support Provided

MNPS5, V.42bis Datacom
and FAX Modem Device Set

1191
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FUNCTIONAL DESCRIPTION

The SSI 73D2247-F chip set forms the basis for an
international modem design incorporating the most
advanced error control and compression algorithms.
The set consists of two chips, the SS173K224L modem
and the SSI 73D630 controller. Customization of the
controlleris one of the features of this chip set; software
modules allow the modem vendorto provide a range of
features from a standard hardware platform.

The SSI 73K224L provides the QAM, PSK and FSK
modulator and demodulator functions, call progress
and handshake tone monitors, test modes and a tone
generator capable of producing DTMF, answer and
CCITT guardtones. This single-chip modem supports
the Bell 212, V.22 and V.22bis operating protocols in
both sync and async modes. V.21 and Bell 103 are
supported in async mode. Low level functions of the
controller provide for automatic detection of DTE
speed, auto-dial, auto-answer, handshake with
fallback and call progress detection.

Four coded versions of the 73K224L are available; the
73K224LT is used with code designed to use only AT
commands. Similarly, the 73K224LP, 73K224LV and
73K224LZ are used in versions supporting MNP, V.42
and V.42bis.

The SSI 73D630 controller handles both the low level
modem functions as well as protocol negotiation and
protocol operation. Software modules can be chosen
to provide the desired protocols for product
customization and differentiation. In addition, the “AT”
command set source code will be available for those
desiring to provide unique or country dependent
features.

QAM Modulator/Demodulator
PSK Modulator/Demodulator

FSK Modulator/Demodulator
Passband Filters and Equalizers
Adaptive Equalization with Retrain

Basic capabilities of the modem are those found inthe
SSI73K224L Single-Chip Modem and are listed in the
separate SSI 73K224L data sheet.

AUTOMATIC HANDSHAKE

The SSI 73D2247-F data modem will automatically
perform a complete handshake with a called or calling

modem and enter the data transfer mode. After the link
between the two modems has been established, the
modems may remain in the normal data mode or
negotiate a link which has error control and data
compression. Commands are provided to inform the
modem which action is appropriate.

TEST MODES

The SSI 73D2247-F chip set has provisions for three
test modes: analog loopback, digital loopback and
remote digital loopback. Analog loopback allows data
to be sent into the local modem, have it modulated and
then demodulated and returned to the local terminal.
Digital loopback requires the cooperation of the user at
the remote end and allows datato be sent to the remote
modem, demodulated, then remodulated and returned
to the local end. Remote digital loopback allows the
same capability, without the need for a remote opera-
tor; signals are sent to the remote modem which
perform the switching task that a remote operator
would have done.

AT COMMAND INTERPRETER

The SSI 73D2247-F includes an AT Command Inter-
preter which is a superset of the Hayes 2400
Smarntmodem™ command set. Common application
software will be able to control the modem though this
interpreter. Additional commands have been added to
provide for control of the MNP and CCITT V.42 modes.

NON-VOLATILE MEMORY

Two modes of operation depend on the use of non-
volatile memory: end user configuration storage and
telephone number blacklisting. Current hardware
provides for a 2K byte memory of which about 400
bytes are used for setup and telephone number
storage. The remaining 1600 bytes are avaliable.
Memory address space allocated to non-volatile RAM
is 8K, so an expansion factor of 4 is available.
Alternatively, the address space could be decoded for
more hardware functionality. Additional support will be
provided for an optional serial EEPROM (4k bit).



SSI 73D2247-F
MNP5, V.42bis Datacom
Modem Device Set

1191

FAX SUPPORT

FAX capability is added to the basic SSI 73D2247 by
adding the Yamaha YTM401 data pump chip. In
addition to added chip select logic the EEPROM must
be upgraded from 64k x 8 to 128k x 8.

PROTOCOLS

Microcom Networking Protocol (MNP)

MNP4 is a protocol offering error control while MNP5
offers data compression. Data to be transmitted is
broken into blocks of varying sizes, depending on line
conditions, and sent to the remote modem along with
a 16-bit Cyclic Redundancy Check word. If the algo-
rithm used to derive the CRC word at the transmitter
does not produce an identical word when exercised on
the received data, a line error is assumed, and the
block is repeated. Data compression is obtained by
transmitting a short set of characters for a longer
redundant set. At the receiver, the shont string is
replaced with the longer string that it represented, and
the data stream is returned to its original state.

CCITT V.42 and V.42bis

The CCITT has ratified a set of protocols which operate
inamanner similarto MNP. MNP4 correspondsto V.42
while MNP5 corresponds with V.42bis. Greater effi-
ciency is offered, but the tradeoff is a larger memory
space requirement. MNP5 requires an 8K buffer, while
V.42bis requires 32K. Data files which show com-
pression ratios approaching 2:1 with MNP5 may show
ratios of nearly 4:1 with V.42bis.

EIA/TIA - 578

EIA -578is an ANSI standard covering "Asynchronous
Facsimile DCE Control" for Group 3 Facsimile termi-
nals. It consists of "AT" commands similar to a data
modem (preceded by a "+F") for data pump control.
This insures compatibility with 3rd party personal com-
puter applications DTE software designed for FAX
communications.

2-57

ADDITIONAL INFORMATION

The SSI 73D2247 Design Manual completely defines
the AT commands, gives a description of the hardware
and provides instructions for modifying the code for
customization. Please contact your local Silicon Sys-
tems sales office or Silicon Systems headquarters in
Tustin for a copy of the SSI 73D2247 design manual.

p




SSI 73D2247-F
MNP5, V.42bis Datacom
Modem Device Set

COMMAND SUMMARY ‘

Command Description

Command Description

AT
<CR>

B1

DS=n

LOor L1
L2
L3

B288F%E8

Q1
Sr

Sr=n

Vo
v
wo
w1
X0
X1

X3
X4
Yo
Y1

command prefix — precedes command line
carriage return character — terminates command line
go into answer mode; attempt to go 1o on-line state

re-execute previous command line;
not preceded by AT nor followed by <CR>

select CCITT V.22 standard for 1200 bi's communication
select Bell 212A standard for 1200 bit/s communication

dial number that follows; attempt to go 1o on-line state, originate
mode

dial stored number in location “n” (0-3)
Disable character echo in command state
Enable ch. ter echo in
go on hook (hang up)

d state

go off hook; operate auxiliary relay
request product indentification code
perform checksum on firmware ROM; return checksum

perform checksum on firmware ROM;
returns OK or ERROR result codes

low speaker volume

medium speaker volume

high speaker volume

speaker off

speaker on until carrier detected

speaker always on

speaker on until carrier detected, except during dialing

go to on-line state

go 1o on-line state and initiate equalizer retrain at 2400 bit/s
modem returns result codes

modem does not return result codes

set pointer to register "

set register “r” to value “n”

display value stored in register “r”

display result codes in numeric form

display resuit codes in verbose form (as words)
negotiation progress result codes not returned
negotiation progress result codes returned

enable features represented by result codes 0-4

enable features represented by result codes 0-5, 10-12
enable features represented by result codes 0-6, 10-12
enable features represented by result codes 0-5, 7, 10-12
enable features represented by result codes 0-7, 10-12
disable long space disconnect

enable long space disconnect

20 reset modem
&Co assume data carrier always present
&C1 track presence of data carrier
&Do Ignore DTR signal
&D1 assume command state when an on-to-off
transition of DTR occurs
&D2 hang up and assume command state when an on-to-off
transition of DTR occurs

&D3 reset when an on-to-off transition of DTR occurs
&F recall factory settings as active configuration
&Go no guard tone
&G1 550 Hz guard tone
8G2 1800 Hz guard tone
&K flow control method
&Mo asynchronous mode
am1 synchronous mode 1
&M2 synchronous mode 2
&M3 synchronous mode 3
&Q5 error control mode
&Q6 automatic speed buffering (ASB)
&To terminate test in progress
&T1 initiate local analog ioopback
&T3 initiate local digital loopback
&T4 grant request from t dem for RDL
&T5 deny request from remote modem for RDL
&T6 initiate remote digital loopback
&T7 initiate remote digital loopback with self test
&T8 initiate local analog loopback with self test
av view active configuration, user profiles, and stored numbers
awWo save storable parameters of active configuration
&Xo0 modem provides transmit clock signal
&X1 data terminal provides transmit clock signal
ax2 receive carrier provides transmit clock signal
&Zn=x  store phone number “x” in location “n” (0-3)

FAX AT COMMAND SUMMARY
Command Description
+FCLASS =n Select FAX (1) or Data (0)
+FTS = <TIME> Transmit silence
+FRS = <TIME> Detect silence
+FRM = <MOD> Receive data with <MOD> carrier
+FRH = <MOD> Receive HDLC data with <MOD> carrier
+FTM = <MOD> Transmit data with <MOD> carrier
+FTH = <MOD> Transmit HDLC data w/ <MOD> carrier
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Dial string arguments:
, = delay @ = silent answer ! = flash
; = return to command s = dial stored number W = wait for tone R=reverse mode

if the NovRAM has not been initialized it may be necessary to Power down/Power up andtype AT&F&W<cr>
to properly initialize modem state.

TABLE 1: Result Codes

Xn VERBOSE/TERSE RESULT CODES
X0 OK/0, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4
X1 All functions of X0 + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400
X2 All functions of X1 + NO DIAL TONE/6
X3 All functions of X1 + BUSY/7
X4 All functions of X3 + NO DIAL TONE/6, NO ANSWER/8
FAX only +FCERROR, +F4

TABLE 2: S Registers Suppotrted

Sn FUNCTION UNITS DEFAULT
So! Answer on ring No. of rings on which to answer 0002
S1 Ring counter No. of rings accumulated 000
S2 Escape code ASCIl CHR Decimal 0-127 043
S3 Carriage return ASCIll CHR Decimal 0-127 013
S4 Line feed ASCIl CHR Decimal 0-127 010
S5 Back space ASCIl CHR 008
S6 Wait for dial tone Seconds 002
S7 Wait for carrier Seconds 030
S8 Pause time Seconds 002
S9 Carrier valid 100 milliseconds (0.1 sec) 006
S10 Carrier drop out 100 milliseconds (0.1 sec) 014
S11 DTMF tone duration 1 millisecond (0.001 sec) 070
S12 Escape guard time 20 milliseconds (0.05 sec) 050
S13 Unused N/A
*S141 Bit mapped register Decimal 0-255 170

Stored in NVRAM with 8W command.
2 Modem will not answer until value is changed to 1 or greater.
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TABLE 2: S Registers Supported (Continued)

NUMBER FUNCTION UNITS DEFAULT
S15 Unused N/A
S16 Test register Decimal # 000
S17 SSi Special test register Decimal 0-255 096
S18 Test timer Decimal 0-255 000
S19 Unused N/A
$20 Unused N/A

*821! Bitmapped register Decimal 0-255 000
*§22! Bitmapped register Decimal 0-255 118
*823! Bitmapped register Decimal 0-255 007
S24 Unused N/A
S25! DTR delay 10 milliseconds (0.01 sec) 005
S2¢’ CTS delay 10 milliseconds (0.01 sec) 001
*S27 Bitmapped register Decimal 0-255 064
S36 Negotiation failure treatment 5
S37 Desired modem line speed Decimal 0-9 000
S38 Hang-up timeout 20
S39 Current flow control setting 3
S43 Current DCE speed 0
S46 Protocol/Compression selection 2
S48 Feature negotiation action 7
S49 ASB Buffer low limit 1-249 8
S50 ASB Buffer high limit 2-250 16
S82 Break select register 128
S95 Extended result code bit map 0

* The bitmapped register functions are equivalent to normal “AT" command modem registers.

' Stored in NVRAM with &W command
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PACKAGE PIN DESIGNATIONS (Top View)
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Copyright Notice:
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SSI 73D2322
V.32bis, V.42bis FAX/Datacom
Modem Module

DESCRIPTION

The SSI 73D2322 Modem Module is a complete V.32/
V.32bis modem. It includes a high performance
V.32bis datapump, MNP/V.42/V.42bis protocol en-
gine, AT command set and interface to Silicon Systems
DAA.

The datapump has high speed V.32/V.32bis modes
and will automatically fall back to V.23, V.22bis, V.22,
V.21 Bell 212A and Bell 103J for maximum
interoperability. The protocol engine provides buffered
error free data transmission and data compression at
DTE speeds up to 57.6 kBit/s. The AT command set is
compatible with industry standards. The DAA interface
simplifies connection to an SSI 73M9001 DAA.

Using high density packaging and advanced power
management this module is ideally suited for power
and space critical applications. The module is available
configured as an external modem with serial interface
or as an internal 16C550 compatible paraliel DTE
interface.

An optional E2PROM configuration allows field up-
grades for future versions which will include FAX Class
2commands and V.25bis Dialing and International Call
Progress.

November 1991

FEATURES

Combines high performance datapump, protocol
engine and line Interface DAA

Supports 300, 1200, 2400, 4800, 7200, 9600, 12000,
14400 bit/s with both sync and async modes

Supports serlal buffered DTE rates from 300 to
57.6 kBit/s Parallel rates to >115 kBit/s

Modem protocols supported:

- Bell 103, 212A

- CCITT v.21, V.22, V.22bis, V.23, V.32, V.32bis
FAX protocols supported

- V.17, V.21 ch. 2, V.27ter, CCITT V.29
Industry standard AT command set

Error control/data compression protocols avail-
able: CCITT V.42, V.42bis, MNP2-4, MNP5

EIA 578 Class 1 FAX command interface
Single +5V supply operation

Power consumption < 1watt active, with automatic
power down mode

Small footprint < 6 sq", low profile < 0.5"
Optional E2PROM for field upgradability
'C’' source code for user customization available

BLOCK DIAGRAM
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SSI 73D2404
V.22bis 2400 Bit/s
Modem Device Set

DESCRIPTION

The SSI 73D2404 consists of three CMOS integrated
circuits which together provide the data pump func-
tions required to construct a high performance 2400
bit/s full-duplex intefligent modem for use over the dial-
up telephone network. The 73D2404 includes operat-
ing modes compatible with CCITT V.22bis, V.22, V.21,
as well as Bell 212A and 103 data-communications
standards. Using advanced CMOS processes that
include analog, digital signal processing and switched
capacitor filter techniques, the SSI 73D2404 offers
excellent performance and a high level of functional
integration in a compact three-chip set available in DIP
or surface mount packages.

The 73D2404 is ideal for use in both free-standing or
integral system modem products where full-duplex
2400 bit/s data-communications over the 2-wire public
service telephone network is desired.

November, 1991
FEATURES

* Multi-mode V.22bis/V.22/V.21 & Bell 212A/103 com-
patible device set for intelligent modem designs

¢ Full duplex operation at 0-300, 1200 and 2400 bit/s
with with both synch & asynch operating modes

* Includeshigh-level "AT" command interpretercom-
patible with 2400 bit/s industry standard products

¢ Complete complement of “AT” modem features

¢ Selectable automatic speed detect, handshake and
autobaud functions

¢ Supports external non-volatile memory to store
user configurations

¢ Adaptive equalization for optimum performance
over all lines
* Dynamic range from 0 to -45dBm

* Call progress, carrier and answer tone detectors
provide intelligent dialing functions
(Continued)
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CAUTION: Use handling procedures necessary
for a static sensitive component.
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SSI 73D2404
V.22bis 2400 Bit/s
Modem Device Set

FEATURES (Continued)

DTMF and CCITT guard tone generators

Test modes available - ALB, DL, RDL for com-
plete test capabllity

All CMOS technology for low power
consumption

OPERATION

The SSI 73D2404 is a complete V.22bis intelligent
modem contained in three CMOS IC’s. The device set
forms the basis for a high performance stand-alone
modem product with self-contained command inter-
preter, indicator LED’s, default switches and interface
lines for an RS-232 serial port. Both data and com-
mands are passed over the serial port as in conven-
tional intelligent modem designs.

The SSI 73D2404 provides the QAM, PSK and FSK
modulator/demodulator functions, call progress and
handshake tone monitors, test modes and a tone
generator capable of producing DTMF, answer and
CCITT guard tones. This device supports the V.22bis,
V.22, V.21 and Bell 212A/103 operating modes, both
synchronous and asynchronous. The 73D2404 is
designed to provide functions needed for an intelligent
modem and includes auto-dial/auto-answer, hand-
shake with auto-fallback, and selectable pulse or
DTMF dialing sequences to simplify these designs.

The SSI 73D2404 consists of three devices. The SSI
73M214 is an analog processor that performs the
filtering, timing adjustment, level detection and modu-
lation functions. The 73D215 is the receiver digital
signal processor. The 73D216 is a command proces-
sor that provides supervisory control and command
interpretation.

QAM MODULATOR/DEMODULATOR

The SSI 73D2404 scrambles and encodes the 2400
bit/s incoming data into quad bits represented by 16
possible signal points as specified by CCITT recom-
mendation V.22bis. The modulator transmits this en-
coded data using either a 1200 Hz (originate mode) or
2400 Hz (answer mode) carrier. The demodulator
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reverses this procedure and recovers a data clock from
the incoming signal. Adaptive equalization corrects for
different line conditions by automatically changingfilter
parameters to compensate for line characteristics.

PSK MODULATOR/DEMODULATOR

In PSK mode the 73D2404 modulates the 1200 bit/s
incoming data using a subset of the QAM signal points
as specified by CCITT recommendation V.22bis, V.22
and Bell 212A. The PSK demodulator is similar to the
QAM demodulator.

FSK MODULATOR/DEMODULATOR

The FSK transmitter frequency modulates the analog
output signal using two discrete frequencies to repre-
sent the binary data. The Bell 103 standard frequen-
cies of 1270 and 1070 Hz (originate mark and space)
and 2225 and 2025 Hz (answer mark and space) or the
V.21 standard frequencies of 980 and 1180 Hz (origi-
nate mark and space) and 1650 and 1850 Hz (answer
mark and space) are used when this mode is selected.
Demodulation involves detecting the received fre-
quencies and decoding them into the appropriate bi-
nary value.

PASSBAND FILTERS AND EQUALIZERS

Abandsplitfilter is included to shape the amplitude and
phase response of the transmit signal to a square root
75% raised cosine and provide rejection of out-of-band
signals in the receive channel.

ASYNCHRONOUS MODES

The asynchronous mode is used for communication
between asynchronous terminals which may vary the
data rate from +1.5% to -1.5%. When transmitting in
this mode the serial data on the TXD input is passed
through a rate converter which inserts or deletes stop
bits in the serial bit stream in order to output a signal
whose data rate is accurate to 0.01%. The signal is
routed to a data scrambler (following the CCITT
V.22bis algorithm) and into the modulator. The
73D2404 recognizes a break signal and handles it in
accordance with BELL 212A specifications. Received
data is processed in a similar fashion except that the
rate converter now acts to reinsert any deleted stop
bits. An incoming break signal will be passed through
without incorrectly inserting a stop bit.
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SSI 73D2404
V.22bis 2400 Bit/s
Modem Device Set

SYNCHRONOUS MODES

Synchronous operation is possible only with the QAM
or PSK mode. Operation is similar to that of the
asynchronous mode exceptthat data mustbe synchro-
nized to a provided clock and no variation in data
transfer rate is allowable. Serial input data appearing
at TXD must be valid on the falling edge of TXCLK.
Receive data at the RXD output is clocked out on the
rising edge of RXCLK. The async/synch conventer is
bypassed when synchronous mode is selected and
data is transmitted out at the same rate as is input.

AUTOMATIC HANDSHAKE

The SSI 73D2404 will automatically perform a com-
plete handshake as defined by the V.22bis, V.22 and
Bell 212A/103 standards to connect with a remote
modem. The 73D2404 automatically determines the
speed and operating mode and adjusts its operationto
correspond to that of an answering modem when
originating a call.

TEST MODES

The SSI 73D2404 allows use of Analog Loopback,
Digital Loopback and Remote Digital Loopback test
modes. Full test mode capability allows testing of the
modem and interface functions from the local terminal
using the appropriate control commands, or remotely
using the RDL function.

1191 - rev.
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ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN

The SSI 73D2404 uses adaptive equalization which
automatically compensates for varying line character-
istics by adjusting taps on a multi-tap FIR filter. Opti-
mum performance is obtained with this technique over
a wide range of line conditions. When the line quality
deteriorates to a specified level the 73D2404 can
automatically initiate a retrain of the equalizer to re-
establish data communications without the need to go
through a complete handshake sequence.

“AT” COMMAND INTERPRETER

The SS173D2404 includes an AT command interpreter
which is compatible with the Hayes 2400 Smart-
modem™ command set. Functions and features in-
cluded with intelligent modems are provided by the
73D2404 command interpreter.

NON-VOLATILE MEMORY

The SSI 73D2404 supports connection to an external
non-volatile memory (ie. Xicor X2444) to store a dial
string and the current AT command configuration.

p




SSI173D2404
V.22bis 2400 Bit/s
Modem Device Set

SPEED/PROTOCOL COMPATIBILITY GUIDE

73D2404 originating as:

Bell CCITT
Calling a: 300 1200 300 1200 2400
Bell 300 (103) 300 300 - 300
1200 (212) 300 1200 - 1200 1200
2400'  (224) 300 1200 - 1200 2400
ceiTT 300 (V.21) - - 300 - -
1200 (V.22) 300 1200 - 1200 1200
2400 (V.22bis) 300 1200 1200 2400
73D2404 answering as:
Bell cciIrT
Called from a: 300 1200 300 1200 2400
Bell 300 (103) 300 300 - - 300
1200 (212) 300 1200 - 1200 1200
2400 (224) 300 1200 - 1200 2400
CCITT 300 (V.21) - - 300 - -
1200 (V.22) 300 1200 - 1200 1200
2400  (V.22bis) 300 1200 - 1200 2400

' A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks.
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SSI 73D2404
V.22bis 2400 Bit/s
Modem Device Set

HARDWARE INTERFACE
POWER SUPPLIES AND CLOCKS
LABEL 170 PIN CONNECTION DESCRIPTION
73M214 | 73D215 | 73D216
VDD [ 40 Positive supply (analog +5V)
vCC | 28 28 Positive supply (digital +5V)
VSS I 14 Negative supply (analog -5V)
AGND | 26 Analog ground
GND | 15 14 20 Digital ground
X1 | 19 Clock input 14.7456 MHz
XIN | 18 Clock input 7.3728 MHz
RST I 9 Reset (10 pF & 8.2k)
DAA INTERFACE
RXA | 27 R<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>