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The Company

Silicon Systems specializes in the design and manufacture of application-specific,
mixed-signal integrated circuits (MSICs®). It offers a sophisticated line of custom and
standard ICs aimed primarily at the storage, communications and industrial 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
fabrication sites in California and approximately 2,000 employees worldwide. Additional
operations include assembly and test facilities in California and Singapore, and design
engineering centers in California, Colorado, Tokyo and Singapore.

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 has successfully met quality standards established by the International Organization
of Standardization that governs ISO 9000 certification regulations. Silicon Systems’ domestic
facilities have received ISO 9001 certification for Quality Management Systems applicable to
design and manufacture, and, Silicon Systems’ Singapore facility has achieved ISO 9002
certification which is pertinent to production and installation.

The company 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. Listed
in the back of this publication is a worldwide network of sales representatives and distributors
ready to serve you.
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NOTICE

All products listed herein and subsequently sold by Silicon Systems, Inc. are subject to the
terms and conditions contained in the Silicon Systems Order Acknowledgment Form
applicable to the sale, including those pertaining to warranty, patent infringement and
limitation of liability. Purchasers of these products acquire no rights in the technology
incorporated therein, absent the express written consent of Silicon Systems, Inc. Silicon
Systems, Inc. makes no warranty, express or implied, with regard to the information set forth
in this publication, nor does it warrant that the products described herein are merchantable
or suitable for a particular purpose. Silicon Systems, Inc. reserves the right to discontinue
production of any product, change a product specification and/or revise product pricing at any
time with, or 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 other medical systems.

|
© Copyright 1995 Silicon Systems, Inc. All rights reserved. Product and company names listed are trademarks of their
respective companies.

K-Series integrated circuits are protected by the following patents:

4,691,172/ 4,777,453/ 4,847,868 / 4,866,739 / 4,870,370/ 4,789,995
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Target, Advanced and

Preliminary information

In this data book the following conventions
are used in designating a data sheet
“Target,” “Advanced” or “Preliminary”:

Target Specification—

The target specification is intended as an
initial disclosure of specification goals for
the product. Product is in first stages of
design cycle.

Advance Information-

Indicates a product stillin the design cycle,
undergoing testing processes, and any
specifications are based on design goals
only. Do not use for final design.

Preliminary Data-

Indicates a product not completely re-
leased 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.
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Communications Products Selector Guide

Device Number | B212 CCITT | CCTT | CCITT | CCITT | Description Power Available
B103 | B202 | V.21 | V.23 | V.22 |V.22bis Supply Packages
K-SERIES SINGLE CHIP MODEM FAMILY
SSI73K212L X low power, integrated single-chip modem +5Vv 28 DIP, 28 PLCC
SSI'73K212SL X 73K212L with serial interface only +5V 22 DIP
SSI73K221L X X low power, integrated single-chip modem +5V 22, 28 DIP, 28 PLCC
SSI73K221SL X X 73K221L with serial interface only +5V 22 DIpP
SSI73K222L X X X low power, integrated single-chip modem +5V 22,28 DIP, 28 PLCC
SSI173K222SL X X X 73K222L with serial interface only +5V 22 DIP
SSI 73K222U X X X 73K222L with 16C450 UART +5V 40 DIP, 44 PLCC
SSI 73K224L X X X X Bell 212A/103, CCITT V.22bis/V.22/V.21 +5V 28 DIP, 28, 32 PLCC,
52 QFP, 64 TQFP
SSI73K224SL X X X X 73K224L with serial interface +5V 22 DIP
SSI73K302L X X Bell 212A/202/103 +5V 28 DIP, 28 PLCC
SSI ' 73K302sSL X X Bell 212A/202/103; serial interface only +5V 22 DIP
SSI73K321L X X CCTT V.23/V.21 +5V 28 DIP, 28 PLCC
SS173K321SL X X 73K321L with serial interface only +5V 22 DIP
SSI73K322L X X X CCITT V.23/V.22/V.21 +5V 28 DIP, 28 PLCC
SSI'73K322S5L X X X 73K322L with serial interface only +5V 22 DIP
SSI 73K324L B212 X X X X CCITT V.22bis/V.22/V.23/V.21 +5V 28 DIP, 28, 32 PLCC,
52 QFP, 64 TQFP
CONTROLLERS AND SPECIAL MODEM PRODUCTS
SS173D2248/2348 X X X modem device set w/ AT, MNP +5V Various QFP & TQFP
SSI73M223 1200 bit/s modem IC, +5V 16 DIP, 16 SOL
compact HDX V.23 modem
SSI 73M550 16C550 pin compatible UART +5V 40 DIP, 44 PLCC, 48 GT
Receive and Transmit FIFOs
SSI1 73M1550 28-pin version of 73M550, +5V 28 DIP, PLCC
full UART in 28-pin package
SSI 73M2550 28-pin version of 73M550 +5V 28 DIP, PLCC
adds uPRST function
SSI 73M2910/2910A Microcontroller device +3V/+5V Various QFP & TQFP
SSI 73M2918/2918A Plug & Play Microcontroller & UART +3.3V/+5V 100 QFP




Communications Products Selector Guide

Xl

Device Number I Circuit Function Ueatures 1 Power Available Packages
ANALOG SIGNALLING AND SWITCHING PRODUCTS
SSI1 757201 Integrated DTMF Receiver binary coded 2-of-8 output +12v 22 DIP
SS175T202 Integrated DTMF Receiver low power, binary output +5V 18 DIP
SS1 757203 Integrated DTMF Receiver early detect, binary output +5V 18 DIP
SSI1 757204 Integrated DTMF Receiver low power, binary output +5V 14 DIP, 16 SO
SSI1 7572089 Integrated DTMF Transceiver generator & receiver, uP interface +5V 22 DIP
SSI 7572090 Integrated DTMF Transceiver like 7572089 w/ call progress detect +5Vv 22 DIP
SSI 7572091 Integrated DTMF Transceiver like 7572090 w/ early detect +5V 28 DIP, PLCC
SS1 757980 Imprecise Call Progress Detector energy detect in 305-640 Hz band, Teltone +5V 8 DIpP
SSI1 78A207 Integrated MF Receiver detects central office toil signals +5V 20 DIP
PCM PRODUCTS
SSI 78P236 DS-3 Line Interface T3 clock & data recovery, transmit equalization +5V 28 DIP, PLCC
SSI 78P2361 STS-1 Line Interface Transceiver STS-1 clock & data recovery, transmit equalization +5V 28 DIP, PLCC
SS178P2362 CEPT E-3 Line Interface Transceiver | E3 clock & data recovery, transmit equalization +5V 28 DIP, PLCC
SSI 78P300 T1/E1 Short Haul Transceiver receive jitter attenuation +5V 28 DIP, PLCC
SSI1 78P304A Low-Power 38P300 receive jitter attenuation +5V 28 DIP, PLCC
SS1 78P7200 DS-3/E3 Line Interface Transceiver DS-3/E3 transceiver wireceive equalization +5V 28 DIP, PLCC

& higher transmitter drive
LAN PRODUCTS
SSI178Q902 10BaseT MAU Transceiver direct interface to twisted pair and AUI +5V 28 DIP, PLCC
SS178Q2250 1SS Mbit/s ATM Transceiver for NRZ | on-chip clock/data recovery +5V 48 TQFP
SSI 78Q8373 Single-chip Ethernet IC for PCMCIA | on-chip PCMCIA bus logic, 10BaseT Transceiver 3Vor5v | 100 TQFP
SSI1 78Q8377 Single-chip Ethernet for ISA/PnP on-chip Plug & Play logic, 10BaseT transceiver +5V 128 QFP
SS178Q8378 Single-chip Ethernet for PCMCIA on-chip PCMCIA multi-function logic 3V or 5V 100 TQFP
SSI1 78Q8392 802.3 Coax Transceiver pin-compatible w/NSC 8392 -9V 16 DIP, 28 PLCC
SSt 78Q8392L Low-power Coax Transceiver pin-compatible w/NSC 8392 -9V 16 DIP, 28 PLCC




Communications Products Selector Guide

Device Number I Circuit Function

l Features

PROGRAMMABLE FILTERS

SSI 32F8001/8002
SSI 32F8003

SSI 32F8011/8012
SSI 32F8020/8022

Low Power Prog. Elect. Filter
Prog. Electronic Filter
Prog. Electronic Filter
Low Power Prog. Elect. Filter

7-Pole Equiripple Active Filter, Prog. fc /Pulse Slimming, 9 - 27 MHz (8001), 6-18 MHz (8002)
7-Pole Equiripple Active Filter, Prog. fc /Pulse Slimming, 5 - 13 MHz

7-Pole Bessel Active Filter, Prog. fc /Pulse Slimming, (5 - 13 MHz, 8011) (6-15 MHz, 8012)
7-Pole Equiripple Active Filter, Prog. fc /Pulse Slimming, 1.5 - 8 MHz

SSI 32F8030 Prog. Electronic Filter 7-Pole Equiripple Active Filter, Prog. fc /Pulse Slimming, 250 kHz - 2.5 MHz

SSI 32F8101/02/03/04 | Low Power Dgtl. Prog. Filter (8101/02/03) - 8001/02/03 w/Serial Port & DACs, 95 mW, (8004) - Similar to 8103, fc range 3-9 MHz
SSI32F8120 Low Power Dgtl. Prog. Filter 32F8020 with serial port and DACs

SSI 32F8130/31 Low Power Dgtl. Prog. Filter 32F8030 with serial port and DACs / 32F8131 = 150 kHz < fc < 1.5 MHz

SSI32F8144 Low Power Dgtl. Prog. Filter 2 zero/7-pole linear phase filter, 7-bit serial shift register, 7-27 MHz
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CUSTOM SOLUTIONS

SILICON SYSTEMS LEADS THE WAY
DEVELOPING MIXED-SIGNAL CUSTOM
PRODUCTS.

This is a story about leadership. Silicon Systems is dedi-
cated to taking the point in the creation of high-performance,
application-specific custom, mixed-signal integrated circuits
(MSICs®).

Such dedication means we bring a lot to the party. Includ-
ing truly innovative analog, digital, and mixed analog/digital
ICs. A full complement of mixed-signal CMOS, BiCMOS and
Bipolar wafer fabrication processes, state-of-the-art automated
design tools, production, assembly, test, and QA capability.

No onhe’s more experienced

More than 20 years of successful IC design work makes us
the most experienced engineering team in the MSICs field. Add
it all up and you get a company that saves you time and money
while delivering you the most sophisticated mixed-signal cus-
tom ICs you can get.

Faster to market for mixed-signal applications

Whatever your mixed-signal design application, Silicon
Systems gives you a competitive advantage. In communica-
tions, disk drives, other storage products, automotive control
systems, or other analog/digital signal processing applications,
you can depend on our technical know-how to do the job right
and turn your design around faster.

CMOS. Bipolar. BICMOS. Analog. Digital.
We've done it

Ourdesigners are an experienced bunch. They're uniquely
able to take a look at your specific application problem and
move quickly to the right 1C solution.

Our team is particulatly adept at identifying key issues
such as power, cost and performance trade-offs. So we can
gear our efforts toward delivering you an optimized solution,
manufactured with the appropriate fab process.

_ Application

silicon Systems Designed Examples

CMOS Analog Processing

For analog continuous time, sampled data
(switched-capacitor implementation), and | ¢
high-current power transistor applications. | *
Low power, high density capability also *» Servo and spindle motor controllers with 1.0
supports inclusion of ROMs, RAMs, and
other analog/digital subsystems.

« Complete single-chip 2400 bit/s modem
14.4 kbps modem chip set
Direct-broadcast satellite descrambler

Amp motor interfaces
High-resolution analog data acquisition
Cellular baseband processor

.

BiCMOS Signal Processing

current drive.

For high-performance, low noise,
wideband signal acquisition and process-
ing applications. Offers TTL, CMOS
and/or ECL logic interfaces with high

Sub 1 nV/AHz HDD R/W amplifiers
AGC, pulse detection amplifiers
High-speed data separators
Wideband transceivers

PLLs (phase locked loops)

Optical signal processing

Digital cellular, PCS IF circuits

« e o o o o o

Digital CMOS

For ASIC controllers, digital signal
processors, sequencers and data path
applications with on-board ROM, RAM,
and PLA sub-systems. Offers standard
TTL and/or CMOS logic interfaces.

Digital communications LAN devices
Hard disk drive controllers

SCSl interface controllers

UARTs

Digital signal processors for hard
disk servo and telecommunications




CUSTOM SOLUTIONS

The right mix of analog and digital

Providing total analog/digital systems on a chip allows you
to meet your cost and performance objectives whether you're
designing the next generation of communication, computer
peripheral, or industrial control systems.

We've turned to CMOS to effectively implement low-
power, highly integrated systems solutions for everything from
modems and cellular phones to hard disk drive controllers and
digital signal processors.

We've gone the BiCMOS route to meet the high-perfor-
mance needs of products like wideband transceivers, wireless
IF modems, R/W amplifiers, low-noise ampilifiers, pulse detec-
tors, high-speed data separators and high-performance, low-
power combo devices.

SOPHISTICATED TOOLS FOR
STRUCTURED CUSTOM DESIGN

At each of six design centers capable of worldwide service
— Tustin, San Jose and Nevada City, California; Longmont,
Colorado; Tokyo and Singapore — Silicon Systems employs
PEGASYS, any internal design automation system developed
from carefully selected vendor tools and our own proprietary
software. Using Mentor Graphics workstations of both electrical
and physical design, PEGASYS helps create complex designs
while significantly reducing schedules, costs and errors.

By integrating third-party tools and custom software, we're
better able to design and analyze mixed-signal integrated
circuits in all CMOS, Bipolar and BiCMOS technologies. It's an
approach that has given us the edge in mixed-signal design and
helped put Silicon Systems’ customers in a favorable position
in the marketplace.

VHDL Schematic Layout
Database Capture Capture
Design Neted* ICgraph* Chipgraph*
Architect™
v
-
Test Vector . " RAM, ROM,
> Logic Schematic Floor Layout
Development Synthesis Database Planning Database Datapath
Environment \_ Generation
Synopsys* iCplan* GDT
Test Vector > VHDL Placement &
Simulation ’ Routing —
¢ Model Technology* ICblocks* Tancell*
Test Vector Fault < > <
Conversion 71 simulation Lvs
TSSI* Zycad® ICtrace* Dracula® * Product and company
names are trademarks of
’ their respective companies
ATE Test Logic P Parasitics | 4
Program P simuaton | Extraction D
(. J/ <
ATTSIM* Lism* ICextract® Dracula*
Mixed-Mode (4 BRC P
’ Simulation 4 <
ATTSIM* Lism* ICrules* Dracula®
Circuit < : d
Simulation | ——{ Compaction |4
Hspice* ICompact*
Switched GDS
Capacitor < LvL Database
Simulation
Switcap2* Dracula*
PEGASYS Design System

1-2



CUSTOM SOLUTIONS

Specifically, PEGASYS brings the following to each design:
« Fully integrated design environment

« Methodology for precision circuit design

« Integrated electrical and physical design

+ Unique blend of full-custom and automated layout
techniques

« Complete layout verification
+ Full mixed-signal parasitic extraction

Our design automation staff integrates the third-party tools
and optimizes their use on the Mentor platform. This framework
can easily accommodate new tools when needed, and it
enables us to support a combination of analog and digital
design techniques in all CMOS, Bipolar and BiCMOS chip
designs. By mixing design methodologies, we can achieve
optimum systems performance, even when schedules are
tight.

Electrical design

A single CAE (computer aided engineering) environment
provides for schematic capture, synthesis, simulation, and fault
grading. We support this software with extensive libraries of
pre-designed cells and components. Highly specialized cells or
components can be designed and enhariced where required.
We simulate each circuit to meet precise performance specifi-
cations using:

« Analog circuit simulation

« Digital logic simulation

* VHDL simulation

- Mixed-mode simulation

+ Switched-capacitor filter simulation

« Analog and mixed-mode behavioral simulation

Admittedly, simulation alone is not the key to perfecting
performance. That's why we work aggressively to refine our
understanding of models to make them work with simulation.
Inside our progressive device modeling and characterization
(DMC) laboratory, we develop accurate circuit simulation mod-
els and parameters. The DMC lab provides complete device
model data for our processes using capabilities such as AC
measurement, statistical analysis and worst-case modeling.
Accurate models are a cornerstone of our design-for-quality
approach.

To ensure high quality test vectors, production test vectors
are derived from simulation vectors using the TSSI tools early
in the design process. The industry-standard Zycad fault simu-
lator is then used to determine fault coverage.

Physical design

Our PEGASYS layout system aids the mask designer
through all physical design phases, ensuring consistency
throughout the design cycle. This flexible, fully integrated
environment supports abroad range of layout techniques, from
full-custom to full-automation.

Capabilities include:

« Chip floor planning

« Analog device generators

« Schematic driven layout

« On-line point-to-point routing
» Compaction

« Automatic place and route

« Support of custom cells, standard cells, and compiled
blocks in any combination

« Design rule checking (drc)

« Layout-versus-schematic verification (lvs)
« Parasitic extraction/back annotation

« Output in industry standard GDS format

In the first generation Pegasys system, Silicon Systems
pioneered a device-generator based approach to precision
analog layout. In partnership with Mentor Graphics, we have
enhanced this technique for our current system, based on
Mentor Graphics V8 ICstation® tools. ICstation® provides tre-
mendous flexibility, combined with ease of customization, to
fully support analog and mixed-signal designs. A variety of
layout styles and technigues are combined to meet each chip's
specific requirements. Rigorous verification checks ensure the
quality and accuracy of the layout, for both physical and electri-
cal properties. Post-layout simulation uses true parasitic model-
ing to handle remaining problems before first silicon fabrication.

STATE OF THE ART CMOS DIGITAL AND
ANALOG PROCESSES

Silicon Systems offers four proven CMOS process technolo-
gies for creating cost effective, highly integrated systems solu-
tions. These processes combine small geometry digital circuit
capability with high performance analog capability. Table 1 sum-
marizes Silicon Systems' CMOS process capabilities.

Our newest CK process is designed to support high
breakdown, high current power FETs, 15V NPNs for special-
ized analog needs, poly capacitors and resistors, low noise
differential amplifiers and high performance A/D and D/A con-
verters. It also includes highly optimized and silicon area
efficient digital cells including DSPs, microcontrollers,
sequencers, memory managers and data paths.

The CJ process provides high performance analog and
digital cells and includes the same analog and digital complex
devices in our CK process.

Our CG process supports high-performance analog cir-
cuitry with precision poly-poly capacitors. Complex analog
circuitry includes 1.25 Amp power FETs, 12-bit switched ca-
pacitor analog to digital converters and low distortion opera-
tional amplifiers and filters. Complex digital circuitry includes
DSPs, microcontrollers, sequencers, memory mangers and
data paths.
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BIPOLAR & BICMOS PROCESS
TECHNOLOGIES

Our bipolar MSICs take advantage of a high-performance
Bipolar process, BN (for 5V applications).

BN - Low-power/ 8 GHz Bipolar at 5 volts

Because we employ full oxide isolation in our BN process,
we can fabricate very fast, very small transistors and reduce
sidewall capacitances. This supports not only high speed, but
low power.

The BN process features high-performance NPN transis-
tors to support mixing high-performance emitter coupled logic
(ECL)with analog circuitry. To provide for strict TTL /O compat-
ibility, we use superior PtSi Schottky diodes.

The resuiting speed and packing density allows you to
effectively implement dense high-performance, low-power
Bipolar analog/digital capability into your system designs.

For a feature-by-feature comparison of Silicon Systems’
BN Bipolar process, see Table 3.

BICMOS process technologies

Our BiCMOS process portfolio is expanding to support the
evolving demands of the mixed-signal IC market. Now in
production is our BCA process which combines 13 GHz NPNs
with 1.0p CMOS features to support the design of efficient, high
performance, mixed-signal circuits. High bandwidth analog
circuits can be combined with dense digital logic to support the
development of 5V data channels with transfer rates into the
120+ Mbit/s range, while maintaining low power consumption.
The BCAtechnology has also allowed our designers to develop
3V only circuits to address very low power applications.

Our second generation BICMOS process, BCB, will pro-
vide the next step in performance with a parallel improvement
in circuit density. BCB advances our BICMOS with 0.8 CMOS
feature sizes and improved interconnect capability resulting in
a significant performance step for CMOS logic. This will allow
implementation of mixed-signal circuits that support data trans-
fer rates well beyond 200 Mbit/s, while maintaining very low
power dissipation. The dense digital advantages of BCB will
also expand the possibilities for cost effective customization
and programmability in both 5V and 3V environments.

For a summary of our BICMOS processes see Table 2.
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- Drawn . =
[ Gate’ nnect Pitches i .
Process | Type ~Length - Metal 1 [Metal 2| Features =~ .
CG Si-Gate, dual metal, 1.5n 3.0p 4.5u 6.0 « DDD S/D structure
dual poly, PWell + Poly-poly capacitors
» Shrinkable to 1.2p
CJ Si-Gate, dual metal, 5V 7v 1.0p 2.0u 3.0u 3.3u + Ldd S/D structure
dual poly, NWell » Poly-poly capacitors
» Shrinkable to 0.8
CK Si-Gate, dual metal, 5V v 0.8u 1.6p 2.0p 2.4 + Ldd S/D structure
dual poly, NWell + Poly-poly capacitors
» Shrinkable to 0.5p
» High voltage FETs
+ 15V NPNs

TABLE 1: CMOS Process Chart

'Drawn
| Gate
age | BVDSS| Length
5V 10V | 1.0n

terconnect Pitches |
MO .{ M1 | M2
3.2u( 3.8u|5.0n

Emitter | Features
1.0n | Bipolar:
« High Performance NPNs
« Polysilicon emitters
» PiSi Schottky Diodes
« Poly resisters
BCB: 5V 8V 084 }16u] 24pj20nf240] 8V | 15GHz | 0.8y |- Gate Oxide Capacitors
« Poly Capacitors
« Sidewall Oxide Isolation
* Fuses
CMOS:
+ Lightly Doped Drains

"BCA:

TABLE 2: BiCMOS Process Chart

: ] | Emitter | M1 | M2 -
Process | Type .. . | NPNFt | - Size | Pitch | Pitch |Features
BN Oxide-isolated 8 GHz 2.0u 4.5u 8.0p | - High performance NPNs

« PtSi Schottky diodes

« Nitride capacitors

« lon implanted resistors
- Sidewall oxide isolation
« Collector/base plugs

TABLE 3: Bipolar Process Chart
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A SUPERIOR FINISH FOR CMOS, BIPOLAR
AND BICMOS

You might say this is the payoff window. The benefits of our
process technologies, design tools and our unique custom
approach all come together during wafer fabrication, test and
assembly.

Our two manufacturing centers, located in Tustin and
Santa Cruz, California, can offer specialized capabilities to
match your particular fabrication requirements. Both facilities
provide you with high resolution stepper photolithography tech-
nology, positive resist, dry plasma etch systems, high current
ion implantation and automatic sputtering.

Fabrication sites in both Tustin and Santa Cruz accommodate
4-and 6-inch waferfabrication and Bipolar, CMOS and BiICMOS
processes.

The right package

Silicon Systems offers a wide range of packages to meet
the small footprint requirements of advanced storage and
communication products. We continue to be innovative in
surface mount technology by providing PLCC, SO, VSOP,
VTSOP, QFP, TQFP, VTQFP and UTQFP packages. At our
ISO 9002-certified Singapore assembly & test facility we have
the full capability to support high quality automated packaging
while also maintaining rapid cycle times.

Promis. Quality through CAM

Process and Management Information System (PROMIS)
underscores our commitment to computer-aided manufactur-
ing (CAM). And to delivering you a superior quality product on
time.

We use PROMIS to facilitate the data required in our
manufacturing, monitoring and statistical process control (SPC)
systems.

With PROMIS we more effectively manage our inventory,
accurately track wafers in process, and closely monitor the
clean room environment.

PROMIS also assists our SPC efforts, as does ourcommit-
ment to fully train all of our manufacturing personnel in SPC
basics.

We design for quality

I's our view that quality is nothing less than absolute
customer satisfaction. To achieve it, we begin far “upstream” in
the product development process. Our design-for-quality
approach scrutinizes the design itself with statistically based
models, comprehensive simulation tools and vigorous design
reviews.

The results of such an effort are IC products that boast
lower defect rates, higher parametric performance and far
fewer redesigns. Moreover, our persistence in improving qual-
ity keeps us focused on finding better and faster ways to satisfy
future customer demands.

Quality that delivers

With effective systems such as PROMIS and our design-
for-quality approach in place, Silicon Systems is prepared to
deliver you finished products you can really depend on. On
time. And within budget.

For details on how you can take best advantage of Silicon
Systems' custom’ mixed-signal IC solutions, see your nearest
Silicon Systems representative, or contact us. Silicon Systems, Inc.
14351 Myford Road, Tustin, CA 92680-7022. 714-573-6000.
FAX: (714) 573-6914.

Design Specifications
and Requirements

Initial Design Review

Design Components
« Schematic Capture
» Simulation

* Netlisting

Final Design Review

« Automatic Placing
and Routing or
Hand-Packed Layout

* Automatic Circuit
Trace

Final Layout Review

Test Program Creation
Photomask
Wafer Fab
Prototype

(Assembly, Test, Ship)

Evaluate Prototype

]
‘zrify System FunclionH Final Review J
Release to Production

Customer Interface for Full-Custom
and Cell-Based Designs
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CONTINUOUS IMPROVEMENT
MISSION & OBJECTIVE STATEMENT

Mission

Be the supplier of choice by exceeding customer
expectations through continuous improvements in our
products, systems and services.

Objectives

Provide world class quality in our products and services
through focus on:

Customer Partnering
Cycle Time Improvement
Process and System Improvements

Develop a culture that ensures the consistent use of
continuous improvement tools and fact based decision
methodology by:

Senior Management Leadership
Employee Empowerment
Aggressive Goal Setting and Performance Measurement
Communication and Celebration of Successes

A TDK Group JCompany

Jill ﬂ&‘mﬂ@
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Reliability and
Quality Assurance

SECTION 1
1.1 INTRODUCTION

Silicon Systems is committed to the goal of customer satis-
faction through the on-time delivery of defect free products
that exceed the customer’s expectations and requirements.
This section outlines Silicon Systems’ ongoing activities for
the control and continual improvement of quality in every
aspect of our organization.

Silicon Systems is diligently working to maintain and improve
its position as a world-class provider of mixed-signal inte-
grated circuits (MSICs®).

We realize and practice the concept that quality and reliability
must be designed and built into our products. In addition,
Silicon Systems utilizes rigid inspections and data analysis to
evaluate the acceptability and variation existing in incoming
materials and performs stringent outgoing quality verifica-
tion. The manufacturing process flow is encompassed by an
effective system of test/inspection checks and in-line moni-
tors which focus on the controt and reduction of process
variation. These gates and monitors ensure precise adher-
ence to prescribed standards and procedures.

Silicon Systems also incorporates the use of statistical pro-
cess control techniques into company operations. The con-
trol and reduction of the process variation by the use of
statistical problem solving techniques, analytical controls
and other quantitative methods ensures that Silicon Systems’
products maintain the highest levels of quality and reliability.

Corporate R & QA
Vice Presit

Our Reliability and Quaiity Assurance organizations are
committed to working closely with our customers to provide
assistance and a continually improving level of product quality.

1.2 SILICON SYSTEMS' QUALITY MANDATE:
CONTINUOUS IMPROVEMENT

Continuous improvement is Silicon System’s strategic thrust
for the 1990’s. In order to ensure that all aspects of our
business are encompassed by this mandate, Corporate
Reliability & Quality Assurance has been chartered with the
responsibility for developing, educating and overseeing the
worldwide continuous improvement process. The continu-
ous improvement initiative will lead to developing a new
organizational culture, changing attitudes and stronger own-
ership and accountability for total customer satisfaction.

1.3 CHARACTERISTICS OF SILICON SYSTEMS’
CONTINUOUS IMPROVEMENT PROCESS
+ Executive Steering Committee leadership and direc-
tion - defines the right things to do and provides
guidance - the right way to do them.

« Continuousimprovementis measured everywhere and
by everyone. Metrics that reflect pride in accomplish-
ment are celebrated.

« Benchmarking is employed as a method to shorten
learning curves and ensure successful ventures.

+ Quality management and employee empowerment are
encouraged at all levels.

ident

Sr. Executive
Secretary

Sr. Executive
Secretary

l [

l [

Corporate Reliability
QA - Engineering
Manager ' Mana

' Singapore
Rellabllity Lab

Failure Continuous Configuration
"~ Anslysis Improvement Document Controt
' Manager Mana Manager
'
'
L Singapore

F.A. Lab

:

s
;
£

FIGURE 1: Organizational Chart
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Reliability and
Quality Assurance

» Supplier partnership is a critical element of our quality
strategy.

This is the essence of Silicon Systems - a total quality
involvedcompany - forward looking and immersed in the goal
of customer satisfaction and best-in-class business pursuits.

1.4 CORPORATE RELIABILITY AND
QUALITY ASSURANCE

It is the objective of the Corporate Reliability and Quality
Assurance organization to ensure that proactive quality
systemsare in place to ensure that Silicon Systems’ products
will meet or exceed customer requirements and expecta-
tions. In addition, the Reliability and Quality Assurance
organization works to facilitate the timely implementation of
solutions and monitors the effectiveness of corrective ac-
tions. These organizational strategies support the continuing
enhancement of quality consciousness throughout Silicon
Systems.

1.5 1S0 9000 CERTIFICATION

Silicon Systems has determined that ISO 9000 certification
is an important strategy for achieving total customer satisfac-
tion. Our Singapore assembly and test operations facility has
been ISO 9002 certified through. SISIR and our domestic
facilities’ quality systems have been ISO 9001 certified
through Intertek. We believe strongly that ISO 9000
certification proves that Silicon Systems is doing the right
things to do things right.

SECTION 2: QUALITY ASSURANCE
2.1 QUALITY OBJECTIVES

While all Silicon Systems employees have direct responsibility
for quality in their functions, the Quality Assurance Organiza-
tions have the ultimate responsibility for the reliable perfor-
mance of our products. This is accomplished through the
development, administration and assessment of formal qual-
ity systems which assure Silicon Systems’ management, as
well as our customers, that products will fulfill the require-
ments of customer purchase orders and all other specifica-
tions.

Corporate Quality Assurance supports, coordinates and ac-
tively participates in the formal qualification of suppliers,
material, processes, and products, and the administration of
quality systems to assure that our products meet Silicon
Systems quality standards. Product Quality Assurance pro-
vides the liaison between Silicon Systems and the customer
for all product quality related concerns. Manufacturing Quality
Assurance administers the manufacturing quality systems
and reports quality monitar data to the factory.

It is the practice of Silicon Systems to have corporate quality
and reliability objectives encompass all of its activities. This
starts with a strong commitment of support from the corporate
level and continues with exceptional customer support long
after the product has been shipped.

Silicon Systems emphasizes the belief that quality and reli-
ability must be built into all of its products by ensuring that all
employees are educated in the quality philosophy of the
company. Some of the features built into Silicon Systems
quality culture include:

1. Structured training programs directed at wafer fabri-
cation, test, process control personnel and supporting
organizations.

- Team-based problem solving methodologies.
- Corporate-wide training of quality philosophy and
statistical methods.

2. Stringent in-process inspections, gates, and monitors.

3. Rigorous evaluation of designs, materials, and pro-
cessing procedures.

4. Stringentelectricaltesting (100% and QC AQL/Sample
testing).

5. Ongoing reliability monitors and process verifications.

6. Real-time use of statistical process control
methodology.

7. Corporate level audits of manufacturing, subcontrac-
tors, and suppliers.

8. Timely corrective action system.

9. Control of non-conforming material.

These focused quality methods result in products which
deliver superior performance and reliability in the field.

2.2.1 INCOMING INSPECTIONS

Incoming inspection plays a key role in Silicon Systems’
quality efforts. Small variations in incoming material can
traverse the entire production cycle before being detected
much later in the process. By paying strict attention to the
monitoring of materials at the earliest possible stage, varia-
tion can be reduced, resulting in a stable uniform process.

2.2.2 IN-PROCESS INSPECTIONS

Silicon Systems has established key inspection monitors in
the following strategic areas: wafer fabrication, wafer probe,
assembly, and final test.

Quality control monitors have been integrated throughout the
manufacturing flow, so that data may be collected and ana-
lyzed to verify the results of intermediary manufacturing
steps. This data is used to document quality trends or long
term improvements in the quality of specific operations.
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Abnormality control is being used to enhance the effective-
ness of this process. In process monitors such as oxide
integrity, electromigration immunity and other parameters
monitor long term reliability as well as circuit performance.

2.3 QUALITY STEERING COMMITTEE

The Corporate, Product and Manufacturing Quality Assur-
ance organizations work closely together to provide leader-
ship in the development, integration and assessment of
Silicon Systems’ worldwide quality systems and procedures.

This team approach ensures that policies and procedures are
standardized and facilitates rapid improvement in products,
processes and services.

2.4 DESIGN FOR QUALITY

Since the foundation of a reliable product is rooted in the
design process, the Reliability and Quality Assurance organi-
zations actively participate in comprehensive cross-func-
tional reviews of design stages priorto the product's transition
to production status. These review stages assure a predict-
able and effective development cycle. Other important de-
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sign-related functions include ensuring that process specifi-
cation revisions are translated into updated design param-
eters and the translation of manufacturing process capability
into design guidelines. This is accomplished through the
identification and monitoring of critical process and device
parameters. Wafer level test at the early stages of process
development also plays a critical role. These elements, in-
cluded in Silicon Systems design for quality effort, support the
development of robust design rules which are as insensitive
as possible to inherent manufacturing variation. The result is
a product that delivers predictable and reliable long term
performance.

2.5 PPM REDUCTION PROGRAM

The primary purpose of a PPM reduction program is to
provide a formalized feedback system in which data from
nonconforming products can be used to improve future
product consistency and reliability. The action portion of this
program is accomplished in three stages:

1. Identification of defects by failure mode.

2. ldentification of defect causes and initiation of corrective
action.
3. Measurementof results and setting of improvedgoals.

The data summarized from the established PPM program is
compiled as a ratio of units rejected/tested. This ratio is then
expressed in terms of defective parts per million (PPM).
Founded on a statistically valid database of PPMdata and an
established five-year strategic plan identifying PPM improve-
ment goals, Silicon Systems has consistently achieved ex-
cellent quality standards and will continue to progressively
improve PPM standards.

26 COMPUTER AIDED MANUFACTURING CONTROL

Computer Aided Manufacturing (CAM) is used throughout
Silicon Systems for the identification, control, collection and
dissemination of timely information for logistics control. Sili-
con Systems also uses this type of computerized system for
statistical process control and manufacturing monitoring.
PROMIS, (PROcess Management and Information System),
displays approved/controlled recipes, processes, and proce-
dures; tracks work-in-process; reports accurate inventory
information; allows continuous recording of facilities data;
contains statistical analysis capabilities; and much more.
PROMIS allows for a paperless facility, a major element in
minimizing contamination of clean room areas.
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TEST CONDITIONS PURPOSE OF EVALUATION
Biased temperature/humidity 85°C/85° JGRH Resistance to high humidity with bias
Highly accelerated stress test (HAST) JDEC A110 Evaluates package integrity

High temperature operating life (HTOL)

Mil 883D, Method 1005

Resistance to electrical and thermal stress

Early Failure Rate

Mil 883D, Method 1005

Detect infant mortality

Steam pressure

121°C/15PSI

Resistance to high humidity

Temperature cycling

Mil 883D, Method 1010

Resistance to thermal excursion (air)

Thermal shock

Mil 883D, Method 1011

Resistance to thermal excursion (liquid)

Salt atmosphere

Mil 883D, Method 1009

Resistance to corrosive environment

Constant acceleration

Mil 883D, Method 2001

Resistance to constant acceleration

Mechanical shock

Mil 883D, Method 2002

Resistance to mechanical shocks

Solderability

Mil 883D, Method 2003

Evaluates solderability of leads

Lead integrity

Mil 883D, Method 2004

Evaluates lead integrity before board assembly

Vibration, variable frequency

Mil 883D, Method 2007

Resistance to vibration

Thermal resistance

Silicon Systems Method

Evaluates thermal dissipation

Electrostatic damage

Mil 883D, Method 3015

Evaluates ESD susceptability

Latch-up

Silicon Systems Method

Evaluates latch-up susceptibility

Seal fine and gross leak

Mil Std 883D, Method 1014

Evaluates hermeticity of sealed packages

TABLE 1: Reliability Stress Tests

SECTION 3: RELIABILITY

3.1 RELIABILITY PROGRAM

A primary objective at Silicon Systems is to improve the
reliability of our products through characterization of our
manufacturing operations. The identification of specific failure
mechanisms occuring in the wafer fabrication and assembly
processes is a prerequisite to effective corrective action
aimed atreducing defects and improving quality and reliability.

Silicon Systems has defined various programs that will
characterize product reliability levels on a continuous basis.
These programs can be categorically described by:
1. Qualifications
Production monitors
Evaluations
Failure analysis
Wafer level reliability

Data collection and presentation for improvement
projects

I IS

3.2 QUALIFICATIONS

Extensive qualification testing and data collection ensures
that all new product designs, processes, and packaging
configurations meet the absolute maximum ratings of design
and the worst case performance criteriaforend users. A large
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database generated by means of accelerated stress testing
results in a high degree of confidence in predicting final use
performance. The qualification criteria used are periodically
reviewed to be consistent with Silicon Systems’ increasing
quality and reliability goals in support of our customers.

3.3 PRODUCTION MONITORS

This program has been established to randomly select a
statistically significant sample of production products for
subjection to maximum stress test levels in order to evaluate
the useful life of the product in a field use environment.

Table 1 lists reliability test methods that are in use at Silicon
Systems. This analysis of production monitor at Silicon
Systems provides valuable information on possible design/
process changes which assure continued improved reliability.
The monitors are periodically reviewed for effectiveness and
improvements.

3.4 EVALUATIONS

The evaluation program at Silicon Systems is an ongoing
effort that defines standards which address the reliability
assessment of the circuit design, process parameters, and
package of a new product. This program continuously ana-
lyzes updated performance characteristics of product as they
undergo improvement efforts at Silicon Systems.
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3.5 FAILURE ANALYSIS

The failure analysis function is an integral part of the Quality
and Reliability department at Silicon Systems. Silicon Sys-
tems has assembled a highly technical and sophisticated
failure analysis laboratory and staff. This laboratory provides
visual analysis, electrical reject mode analysis, and both
destructive and non-destructive data to aid the engineers in
developing cotrective action for improvement. These test
analyses may include metaliurgical, optical, chemical, elec-
trical, SEM with X-ray dispersive analysis, and E-Beam non-
contact analysis as needed.

These conclusive in-house testing and analysis techniques,
are complemented by outside support, such as scanning
acoustic microscopy, focused ion beam, and complete sur-
face and material analysis. This allows Silicon Systems to
monitor all aspects of product manufacturing to ensure that
the product of highest quality is shipped to our customers.

3.6 WAFER LEVEL RELIABILITY PROGRAM

The primary advantage of wafer level reliability testing is the
speed at which results can be derived, thereby providing
additional response time and an early warning of process
changes. This tool provides Silicon Systems with a very rapid
analysis tool which allows for the early identification of
possible problems and a determination of their origin.

The continuous improvement approach taken at Silicon
Systems uses wafer level reliability tests as tools to improve
theprocess, identify potential problems, determine the sources
of any process weakness and eliminate problems upstream
in the process. This results in a focus on reliability improve-
mentthat goes well beyond merely determining the projected
lifetime of a product to a detailed characterization, measure-
ment and control of the specific parameters which actuallly
determine product lifetime.

3.7 DATA COLLECTION AND PRESENTATION FOR
IMPROVEMENT PROJECTS

Data collected from each element of the Reliability program
is summarized for scope and impact and distributed among
all engineering disciplines in the company. This data facili-
tates improvement and provides our customers an opportu-
nity to review the performance of our product.
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3.8 RELIABILITY METHODS

The Reliability Program utilizes a number of stress tests that
are presently being used to define performance levels of our
products. Many of these stress tests are per MIL-STD-883D
as shown in Table 1.

3.9 RELIABILITY PREDICTION METHODOLOGY

At Silicon Systems, the Arrhenius model is used to relate a
failure rate at an accelerated temperature test condition to a
normal use temperature condition.

The model basically states FR = A exp(-Ea/KT)

Where:

FR = Failure rate
A = Constant
Ea = Activation Energy (eV)
K = Boltzmann’s constant 8.62 x 10 eV/ degree K
T = Absolute temperature (degree K)
SECTION 4: ELECTROSTATIC DISCHARGE
PROGRAM
4.1 ESD PREVENTION

Silicon Systems recognizes that the protection of Electro-
static Discharge (ESD) sensitive devices from damage by
electrical transients and static electricity is vital. ESD safe
procedures are incorporated throughout all operations which
come in contact with these devices. Continuous improve-
ment in the ESD protection levels is being accomplished
through the incorporation of increasingly robust protection
devices during the circuit design process as well as work area
improvements.

Silicon Systems’ quality activity incorporates several protec-
tion measures for the control of ESD. Some of the preventive
measures include handling of parts at static safe-guarded
workstations, the wearing of wrist straps during all handling
operations, the use of conductive lab coats in all test areas
and all areas which handle partts and the packaging of
components in conductive or anti-static containers.
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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. Currently, Silicon
Systems offers the most extensive line of one-chip
modem ICs available, with high-performance, cost-
effective designs suitable for a wide range of applica-
tions. Silicon Systems’ fully compatible modem IC
family has redefined 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 development costs.

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

1. The SSI 73K222L, a multi-mode device which
combines both Bell212A/103and V.22/V.21 capa-
bility in one chip, with operating modes at 0 - 30,
600 and 1200 bit/s.

The SSI 73K222U which combines the functional-
ity of the 73K222L. with the industry standard
16C450 UART.

The SSI 73K224L, 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 73K322L 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 73K324L 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 73K224L and SS| 73K324L products. “U”versions
of the K-Series devices integrate an industry standard
UART with full modem capability on a single chip. In
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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.

K-SERIES
MODEM
DESIGN
MANUAL

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



A TDK Group J Company

JMﬂJM@

SSI 73K212L
Bell 212A/103
Single-Chip Modem

DESCRIPTION

The SSI 73K212L is a highly integrated single-chip  *
modem IC which provides the functions needed to
construct a typical Bell 212A full-duplex modem. «
Using an advanced CMOS process that integrates
analog, digital and switched—capacitor filter functions  «
onasingle substrate, the SSI 73K212L offers excellent
performance and a high level of functional integration
inasingle 28-Lead PLCC, 28- or 22-pin DIP configura-
tion. The SSI 73K212L operates from a single +5V
supply.

The SSI 73K212L includes the DPSK and FSK modu-
lator/demodulator functions, call progress and hand-
shake tone monitor test modes and a DTMF dialer.
This device supports all Bell 212A modes of operation
allowing both synchronous and asychronous commu-
nications. :

Test features such as analog loop, digital loop, and
remote digital loopback are provided. internal pattern
generators are also included for self-testing. The SSI
73K212L is designed to appear to the systems de-
signer as a microprocessor peripheral, and will easily
interface with popular one-chip microprocessors

January 1994

FEATURES

One-chip Bell 212A and 103 standard compatible
modem data pump

Full-duplex operation at 0-300 bit/s (FSK) or
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 or parallel microprocessor bus for control
Serial port for data transfer

Both synchronous and asynchronous modes of
operation

Call progress, carrier, precise answer tone and
long loop detectors

DTMF 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

Single +5V supply

0194 - rev.
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SSI 73K212L
Bell 212A/103
Single-Chip Modem

DESCRIPTION (Continued)

(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 demulti-
plexing. Data communications occurs through a sepa-
rate serial port only.

The SSI73K212L 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 convertor for a typical system.
The SSI173K212L 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 uitimately be transmitted in a synchronous fash-
ion. The SSI 73K212L 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%. Therate converterwillthen insert or delete stop
bits in order to 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).
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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. Anincoming 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 mustbe synchro-
nized to a provided clock and no variation in data
transferrate is allowable. Serialinput 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
RXCLK pininslave mode. Receive data atthe 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 73K212L modulates a serial bit stream into
dibit pairs that are represented by four possible phase
shifts as prescribed by the Bell 212A standard. The
baseband 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). Demodula-
tion 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 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 73K212L 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
representthe binary data. In the Bell 103, the standard
frequencies of 1270 and 1070 Hz (originate, mark and
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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 1850 Hz (answer, mark
and space). Demodulation involves detecting the re-
ceived frequencies and decoding them into the
appropriate binary vaiue. The rate converter and
scrambler/descrambler are 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 ad-
dressed 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 73K212L control and status registers via a serial
command port (22-pin version only). In this mode the
A0, A1 and A2lines provide register addresses for data
passed through the data pin under control of the RD
and WRlines. A read operation s initiated when the RD
line is taken low. The next eight cycles of EXCLK will
then transfer out eight bits of the selected address
location LSBfirst. A write takes place by shifting in eight
bits of data LSB first for eight consecutive cycles of
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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, call-progress tones, answer tone and weak re-
ceived signal, (long loop condition). An unscrambled
mark request signalis also detected when the received
dataoutof the DPSK demodulator before the descram-
bier has been highfor 165.5 ms+ 6.5 ms minimum. The
appropriate detect register bit is set when one of these
conditions changes and aninterrupt is generated for all
purposes except long loop. The interrupts 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.
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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% (73K212L). Bypass with .1
and 22 uF capacitors to ground.

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

ISET 24 19 | Chip current reference. Setsbias currentfor op-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
0.1 uF capacitor.

PARALLEL MICROPROCESSOR INTERFAC

E

ALE

12

Address latch enable. The falling edge of ALE latches the
address on ADO-AD?2 and the chip select on CS.

ADO-AD7

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 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 pindefaults to the crystal frequency
on reset.

17

13

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. 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 73K212L intemal
registers. Data cannot be output unless both RD and the
latched CS are active or low.
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PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
RESET 25 20 1 Reset. An active high signal on this pin will put the chip into

aninactive state. All control registerbits (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 73K212L that data is
available on AD0O-AD?7 for writing into an internal register.
Data s latched on the rising edge of WR. No data is written
unless both WR and the latched CS are low.

SERIAL MICROPROCESSOR INTERFACE

AD-A2 - 57 | Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation.

DATA - 8 11O 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 73K212L that
data or status information is being read by the processor.
The falling edge of the RD signal will initiate aread fromthe
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. Alow onthisinputinforms the SSI73K212L thatdata
or status information has been shifted in through the DATA
pin and is available for writing to an internai 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 written onthe rising edge
of WR.

Note: In the serial, 22-pin version, the pins AD0-AD7, ALE andgs_ 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 parallel control versions by tying ALE high and CS low.
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, At and A2,
respectively.
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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 externaltiming 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 can be 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 con-
stant marks if no carrier is detected.

TXCLK

18

14

Transmit Clock. This signal is used in synchronous trans-
missionto 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
selection. InInternal Mode the clockis generated internaily.
InExternalMode 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 data for transmission 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 INT!

ERFACE 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
XTL2

N

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. Consult crystal manufacturer for proper
valves. 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 ADO, AD1 and
AD2 lines in parallel mode. in parallel mode the ad-
dress lines are latched by ALE. Register CRO controls
the method by which data is transferred over the phone

REGISTER BIT SUMMARY

line. CR1 controls the interface between the micropro-
cessor and the SSI 73K212L internal state. DR is a
detect register which provides an indication of moni-
tored 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 DRwhich is read only. Register control and
status bits are identified below:

ADDRESS DATA BIT NUMBER
REGISTER AD2 - ADO D7 D& D5 D4 D3 D2 D1 Do

CONTROL TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
REGISTER CRO | 000 MODE MODE MODE MODE ENABLE ORIGINATE

] 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 0 INTERRUPT 1 0
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR | o010 DATA MARKS DETECT TONE PROGRESS LooP

TONE TRANSMIT | TRANSMIT

CONTROL  TR| on OuTPUT ANSWER DIMF DTMF3 DTMF2 DTMF1 DTMFO
REGISTER CONTROL TONE
CONTROL
REGISTER CR2 | 100 THESE REGISTER LOCATIONS ARE RESERVED FOR

2 =
CONTROL
REGISTER CR3 | 101 USE WITH OTHER K-SERIES FAMILY MEMBERS

3 R =

D
REGISTER  ID| 110

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

37
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REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
l REGISTER AD2 - ADO D7 D6 Ds D4 | D3 ‘ D2 l D1 Do
CONTROL TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ORIGINATE/
REGISTER  CRO 000 MODE MODE MODE MODE ENABLE ANSWER
0 3 2 1 0
l_ 0000=PWR DOWN | 0=DISABLE 0=ANSWER
0001=INT SYNCH TXA OUTPUT  1=ORIGINATE
0010=EXT SYNCH 1=ENABLE
0011=SLAVE SYNCH TXA OUTPUT
0100=ASYNCH B BITS/CHAR
0101=ASYNCH 8 BITS/ICHAR
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 0 INTERRUPT 1 0
‘:00=T)( DATA J 0=DISABLE 0=NORMAL 0=XTAL 0=NORMAL L 00=NORMAL
01=TX ALTERNATE 1=ENABLE 1=BYPASS 1=16 X DATA 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 LOOPBACK
DETECT RECEIVE UNSCR, CARRIER ANSWER CALL LONG
REGISTER PR 010 DATA MARKS DETECT TONE PROGRESS LooOP
QUTPUTS L————" 0=CONDITION NOT DETECTED
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT TRANSMIT
CONTROL TR 011 OUTPUT ANSWER DTMF DTMF3 DTMF2 DTMF1 DTMFO
REGISTER CONTROL TONE |
RXD PIN 0=OFF 0=DATA —E—_‘ 4 BIT CODE FOR 1 OF 16 ———‘—’J
0=NORMAL 1=0ON 1=TX DTMF DUAL TONE COMBINATIONS.
1=TRI STATE !
1D
REGISTER 10 110 1] 1D D 0

00XX=73K212l., 322L, 321L

01XX=73K221L, 302L
10XX=73K222L.
1100=73K224L
1110=73K324L
1101=73K312L
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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

CRO
000

BIT NO. NAME CONDITION DESCRIPTION

DO Answer/ 0 Selects answer mode (transmit in high band, receive
Originate in low band).

1 Selects originate mode (transmitin low band,receive in
high band).

D1 Transmit 0 Disables transmit output at TXA.

e ]

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. 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 EXGLK 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).

0o 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).

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

11 0 0 Selects FSK operation.

D6 0 Not used, must be written as "0."
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CONTROL REGISTER 1

D7

D6

DS

D4 D3 D2 D1 DO

CR1
001

TRANSMIT
PATTERN

1

TRANSMIT
PATTERN

0

ENABLE
DETECT
INTER.

BYPASS
SCRAMB

CLK
CONTROL

RESET | TEST

MODE

TEST
MODE

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 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 ighored.

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 regis-
ter bits (CRO, CR1, Tone) are reset to zero. The output
of the CLK pin will be set to 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 scrambiler.

Selects Scrambler Bypass. Bypass DPSK data is
routed around scrambiler 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.
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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
D7 D6
D7, D6 Transmit 0 0 Selects normal data transmission as controlied

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 signai.

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.

DEQFEET 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.
alﬁ:‘i 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

DR RECEIVE | UNSCR. CARR. ANSWER CALL LONG
010 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.
D6, D7 Not used.
TONE REGISTER
D7 D4 D3 D2 D1 DO
RXD TRANSMIT
TR OUTPUT DTMF DTMF3 | DTMF2 | DTMF 1 | DTMF 0
011 CONTR.
BIT NO. NAME CONDITION DESCRIPTION
D3 D2 D1 DO

D3, D2, DTMF 0 0 0 O- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 1 1 1 1 transmittedwhen 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| 82 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 1.1 0 1 | 697 1633
B 1 1.1 0| 770 1633
c 1.1 1 1 | 852 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 | DTMF 3 | DTMF 2 | DTMF 1 | DTMF 0
TR OUTPUT ANSWER DTMF
011 CONTR. TONE
BIT NO. NAME CONDITION DESCRIPTION
D4 TRANSMIT 0 Disable DTMF. o
DTMF 1 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 tope generz.ator‘ A 2225 Hz answer
tone will be transmitted continuously when the Trans-
mit 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
ID ID ID iD 1D D -
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device: )
D7, D6, D5 Device 0 0 X X SSI 73K212L, 73K321L or 73K322L or 73K321L
D4 ldentification 0 1 X X SSI 73K221L or 73K302L
Signature 1 0 X X SSI 73K222L L
1 1 0 0 SSI 73K224L
1110 SSI 73K324L B
11 0 1 SS173K312L

3-

13



SSI173K212L
Bell 212A/103
Single-Chip Modem

ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING

VDD Supply Voltage 14V

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-ci

rcuit protected.

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM MAX | UNITS
VDD Supply Voltage 45 5 55 v
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 betweeh VvDD 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
IDD1, Power-down CLK =11.0592 MHz mA
IDD2, Power-down CLK =19.200 kHz mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \)
All other inputs 2.0 vDD \Y
VIL, Input Low Voltage 0 0.8 \"
lIH, Input High Current VI = VIH Max 100 HA
lL, 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 2.4 VDD \"
VOL, Output Low Voitage 10 MAX=1.6 mA 0.4 Vv
VOL, CLK Output 10=36mA 0.6 \Y
RXD Tri-State Pull-up Curr. RXD = GND -1 -50 HA
CMAX, CLK Output Maximum Capacitive Load 15 pF
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ELECTRICAL SPECIFICATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING

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

PARAMETERS | conoiTions | mn | nom | max | uniTs
PSK Modulator
“Carrier Suppression Measured at TXA 55 dB
Output Amplitude TX scrambled marks -1 -10.0 -9 dBmo
FSK Mod/Demod
Output Freq. Error CLK = 11.0592 MHz -0.35 +.35 %
Transmit Level Transmit Dotting Pattern -11 -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 dBmo
Twist High-Band to Low-Band, 1.0 2.0 3.0 daB
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 dBmQ
Delay Time -70 dBm0 to -30 dBm0 STEP 27 80 ms
Hold Time -30 dBm0 to -70 dBmO0 STEP 27 80 ms
Hysteresis 2 N ] 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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ELECTRICAL SPECIFICATIONS (Continued)

DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS | conpiTions MmN | Nom | max | uniTs
Carrier Detect
Threshold DPSK or FSK receive data -49 -42 dBmo
Delay Time -70 dBmO to -30 dBm0 STEP 15 45 ms
Hysteresis Single tone detected 2 3 dB
Hold Time -30 dBmoO to -70 dBmO STEP 10 24 ms
Answer Tone Detector
Detect Level In FSK mode -49 -42 dBmo
Delay Time -70 dBmO to -30 dBmO0 STEP 20 45 ms
Hold Time -30 dBmoO to -70 dBm0 STEP 10 30 ms
Detect Freq. Range 25 +2.5 %
Output Smoothing Fiiter
TXA pin Output Impedance 200 300 Q
Output load TXA pin; FSK Single 10 o kKQ |
Tone out for THD = -50 db
in .3 o0 3.4 KHz o 50 pF
Spurious Freq. Comp. Frequency = 76.8 KHz -39 dBmQ
Frequency = 153.6 KHz -45 dBmo
Clock Noise TXA pin; 76.8 KHz 1.0 mVms
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 1 CONDITIONS | MIN | NOM ] MAX [ 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 parallel version only.

** 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
AE _ A + %
TLC TRW TCL
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TLA !I}: TRDF TWD
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READ TIMING DIAGRAM (SERIAL VERSION)
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WRITE 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 products
are designed to be used in conjunction with a control
processor, a UART or RS-232 serial data interface,
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 ar-
rangements are shown: one for a 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.

i c13
39 pF 18 pF
i +5V
11.0592
MHZ ‘
NG
| 0 M
RS232 XTz XL CLK XTUi  XTL2 VDD
CoNVERTERS iN? Nt ISET
— 80C51
ca H>—-A18 P10 P0.0-7 GND
cs (< szR P11
oc 3|28 P12 AD D VREF
eo (> 10TR P13 WA WA
o ALE ALE ssi RXA
oF <2 P1S P31 G
P16 P32 POWER
r P30 P1.7 RESET FAMILY
BA | > ;’)‘( .
88 | <7
EXCLK
oA i> RXCLK
00 | <=
o8 TXCLK
RESET TXA
us, Us
MC145406 j:sv
c12
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 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/data interface. The parallel versions may also
be used in the serial mode, as explained in the data
sheet pin description.

Inmost applications the controlier willmonitor 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 overthe same
line as the transmitted data. In other applications the
RS-232interface handshake lines are used for modem
control.

Tt
MIDCOM
671-8005

4751%

S §
4.
ZENER /!!/

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 asthe 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 5V supply. Because
DTMF tones utilize a higher amplitude than data, these

ct
390 pF

R4
374K 1%

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvert the sighal 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 bottomleg of
the transformer is being driven in one directionby U1A
and the resistor is driveninthe opposite direction atthe
same time by U1B, the junction 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.

0.1 nf
- R10 & R11 values
depend on Op-amp
used.
+6V
5 4 o
" 7 4751%
8 _ T
" uis MIDCOM
671-8005 T
- Lo ¥
| IR T
c2
S |l | o i 5 =
o1 ':_ Bd 750 pF | —— 9 AN3S
z : ) o VA1
y D1 W
20K 1% D2 IN4004 <—‘ '—/\j visozo
N
R8 5.1-6.2v
200 1% 2ZENERS
R 4 R12
22K
2 luta o3 %
1
VOLTAGE K"'\q
REFERENCE T
R
2N2222A
HOOK

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 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 mF electro-
Iytic capacitor in parallel with a 0.1 mF ceramic capaci-
tor 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 mini-
mized 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 on the board, and
digital signals should not be routed near low level or
high impedance analog traces. The analog and digital
grounds shouid 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. Receive Level

This test measures the dynamic range of the modem.
Because signal levels vary widely over dial-up lines,
the widest possible dynhamic 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 “bow!” of
these curves, taken at the BER point, is the measure of
dynamic range.
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PACKAGE PIN DESIGNATIONS

CAUTION: Use handling procedures necessary

(Top View) for a static sensitive component.
CLK (] + 2] anD
Xt 2 27 ] Rxa
aND ":: E j : N vRer
RESET
ol AD1 [| s 2 g ISET
XTUE AD2 ] & = E RXCLK 4 3 2 1 28 27 26
XTL2 a0 [ - 2] rxo o
Ao [l AD4 [ & 21 E XD
At (] ADs [ o 2] cs
PLCC PINOUTS
Az [ A6 [ 10 % [] EXCLK ARE THE SAME AS
DATA AD7 [} 18 [] TXCLK THE 28-PIN DIP
WR ALE [} 12 17 ] INT
RD WR [| 13 6] TXA
VDD RD [ 1 15 [] VDD
12 13 14 15 16 17 18
400-Mil 600-Mil 28-Pin
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
28-pin
Plastic Dual-In-Line 73K212L - IP 73K212L - IP
Plastic Leaded Chip Carrier 73K212L - IH 73K212L - IH
22-pin
Plastic Dual-In-Line 73K212SL - IP 73K212SL - 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, 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 92680-7022, (714) 573-6000, FAX: (714) 573-6914

0194 - rev. Protected by the following Patents (4,691,172) (4,777,453)
' 3-24 ©1989 Silicon Systems, Inc.
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DESCRIPTION

The SSI 73K221L is a highly integrated single-chip
modem IC which provides the functions needed to
construct aCCITT V.22 and V.21 compatible modem,
capable of 1200 or 0-300 bit/s full-duplex operation
over dial-up lines. The SS! 73K221L is an enhance-
ment of the SSI 73K212L single-chip modem with
performance characteristics suitable for European and
Asian telephone systems. The SSI73K221L 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 SSI 73K221L 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 73K221L, oper-
ates from a single +5 volt supply.

The SSI 73K221L includes the DPSK and FSK modu-
lator/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

January 199;1
FEATURES

*  One-chip CCITT V.22 and V.21 standard compat-
ible 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 typicai)

*  Serial (22-pin DIP) or parallel (28-pin DIP or
PLCC) 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 available: ALB, DL, RDL, Mark,
Space, Alternating bit patterns

* Precise automatic gain control allows 45 dB
dynamic range

*  Space efficient 22- or 28-pin DIP or 28 Pin PLCC

0194 - rev.

V.22 (Except mode v) and V. 21 modes of operation, packages
(Continued) ¢ CMOS technology for low power consumption
using 30 mW @ 5V
* Single +5 volt supply
BLOCK DIAGRAM PIN DIAGRAM
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BUFFER ous o GENERATORS X1 [ 2 27 [] Rxa
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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 73K221L is designed to appear
to the systems designer as a microprocessor periph-
eral, and will easily interface with popular one-chip
microprocessors (80C51 typical) for control of modem
functions through its 8-bit multiplexed address/data
bus or alternatively via the serial control bus. An ALE
control line simplifies address demultiplexing. Data
communications occurs through a separate serial port
only.

The SSI 73K221L 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. lts 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 73K221L is part of Silicon Systems’ K-Series
family of pin and function compatible single-chip mo-
dem 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
fashion, The SSI 73K221L 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 + 0.01%.

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 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 descrambier 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 greaterthan 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 output
range of either +1% or +2.3%. In the extended
Overspeed mode, stop bits are output at 7/8 the normal

 width.
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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 variation in data transfer rate is allowable.
Serial input data appearing at TXD must be validonthe
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 73K221L modulates a serial bit stream into
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
interference on the bandlimited 2-wire telephone line.
Transmission occurs on 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 convertedback to a serial bit stream. The demodu-
lator also recovers the clock which was encoded into
the analog signal during modulation. Demodulation
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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 73K221L uses
aphase 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 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
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 contro!
microprocessor as four consecutive memory loca-
tions. Two control registers and the tone register are
read/write memory. The detect registerisread 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 73K221L control and status registers via a serial
command port (22-pin version only). In this mode the
A0, A1andAz2lines provide register addresses for data
passed through the data pin under control of the @
and WRlines. Aread operationis 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 wil
then transfer out the remaining seven bits of the se-
lected address 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 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). An unscrambled
mark signal is also detectedwhenthe 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 bitis 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 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 pF
capacitors to ground.
VREF 26 21 0] An internally generated reference voltage. Bypass with
0.1 uF capacitor to GND.
ISET 24 19 | Chip current reference. Sets bias current for op-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. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.
ADO-AD7 4-11 - /0 Address/data bus. These bidirectional tri-state multi-

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

[ 20 - | Chip select. A low 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 CS is a latched on the falling edge
of ALE.

CLK 1 2 (0] Output clock. 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 pindefaults to the crystalfrequency
on reset.

INT 17 13 (0] Interrupt. This open drain output signalis used to 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 73K221L internal
registers. Data cannot be output unless both RD and the
latched CS are active or low.

RESET 25 20 1 Reset. An active high signal on this pin will put the chip into
aninactive 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 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 pin informs the SSI 73K221L that data

is available on AD0-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 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 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 | Read. A low on this input informs the SSI 73K221L 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. Alow onthis input informs the SS! 73K221L 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 WRlow. Data is written on the rising edge
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 used differently.

The Serial Control mode is provided in the parallel control versions 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 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 avail-
able 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. 1

TXD

21

16

Transmit Data Input. Serial data for transmission 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 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
an 11.0592 MHz Parallel mode crystal. Load capacitors
shouldbe connectedfrom XTL1 and XTL2to 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, orthe 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 73K221L 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 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 D1 Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ORIGINATE
o 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 [)
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR 010 DATA MARKS DETECT TONE PROGRESS Loop
TONE RXD TRANSMIT TRANSMIT TRANSMIT DTMF1/ DTMFO/
CONTROL ™ o1 OUTPUT GUARD ANSWER DTMF OVERSPEED GUARD/
REGISTER CONTROL TONE TONE
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 1] 10
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
I REGISTER AD2- ADO D7 l D6 T Ds D4 D3 D2 D1 Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ORIGINATE/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
[ 3 2 1 0
0=1200 BIT/S DPSK l_ 0000=PWR DOWN | 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 0 INTERRUPT 1 0
00=TX DATA __l 0=DISABLE 0=NORMAL 0=XTAL 0=NORMAL l_ 00=NORMAL___I
01=TX ALTERNATE 1=ENABLE 1=BYPASS 1=16 X DATA 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 LOOPBACK
DETECT RECEIVE UNSCR. CARRIER ANSWER CALL LONG
REGISTER DR 010 DATA MARKS DETECT TONE PROGRESS LoopP

OUTPUTS L——' 0=CONDITION NOT DETECTED ———I

RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT TRANSMIT TRANSMIT DTMF1/ DTMFO/

CONTROL TR o1t OUTPUT GUARD/ ANSWER DTMF DTMF3 DTMF2 OVERSPEED GUARD/

REGISTER CONTROL TONE TONE TONE
RXD PIN 0=OFF 0=0FF 0=DATA L 4 BIT CODE FOR 1 OF 1e——r I
0=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMBINATIONS. 0=1800 Hz G.T.
1=TRI STATE 1=550 Hz G.T.

D .
REGISTER 10 110 D [1+] 1] ID

00XX=73K212L, 322L, 321L
01XX=73K221L, 302L
10XX=73K222L.
1100=73K224L
1110=73K324L
1101=73K312L
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CONTROL REGISTER 0

D7

CRO{ MODUL.
000 | OPTION

D5 D4 D3 D2 D1 DO

TRANSMIT] TRANSMIT| TRANSMIT | TRANSMIT ] TRANSMIT |  ANSWER/
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, receive
Originate in low band).

1 Selects Originate mode (transmit in low band, receive
in high band).

D1 Transmit 0 Disabies transmit output at TXA.

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

D5 D4 D3 D2

D5, D4,D3, Transmit 0 0 0 O Selects Power Down mode. All functions disabled
D2 Mode 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 connected internally to
the RXCLK pin in this mode.

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

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

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

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

11 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, 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 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 Da 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 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
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 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
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
RECEIVE UNSCR. CARR. ANSWER CALL LONG
DATA MARK DETECT TONE PROG. LOOP
BIT NO. NAME CONDITION DESCRIPTION
D2 Answer 0 No answer tone detected.
g one 1 Indicates detection of 2100 Hz answer tone. The
etect 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. 3
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 orfor requesting a remote modemto config-
ure 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. 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- 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| DTMF 2 | 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 11 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 0 1 697 1209
2 0 0 1 0 697 1336
3 0 0 1 1 697 1477
4 0 1t 0 0 770 1209
5 0 1 0 1 770 1336
6 0 1 1 0 770 1477
7 0 1 1 1 852 1209
8 1 0 0 0 852 1336
9 1 0 0 1 852 1477
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 11 1 0 770 1633
C 1 1 1 1 852 1633
D 0 0 0 O 941 1633
D4 Transmit 0 Disable 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. Modem must be
in DPSK mode during DTMF transmission.

D5 Transmit 0 Disables answer tone generator.
A_Pswer 1 Enables answer tone generator. A 2100 Hz answer
one tone will be transmitted continuously when the
Transmit Enable bit is set in 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 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, D5 Device 0 0 X X SS1 73K212L, 73K321L or 73K322L or 73K321L
D4 Identification 01 X X SS| 73K221L or 73K302L
Signature 1 0 X X SSi 73K222L or 73K321L
1 1 0 0 SSI 73K224L
11 1 0 SSi1 73K324L
1t 1 0 1 SSI 73K312L
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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

PARAMETER RATING UNIT
VDD Supply Voitage 14 \
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, industr;;tandard 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) 2 | 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
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 v
All other inputs 2.0 VDD \"
VIL, Input Low Voltage 0 0.8 v
IH, Input High Current VI = VIH Max 100 A
HL, Input Low Current Vi=VIL Min -200 HA
Reset Pull-down Current Reset = VDD 1 50 uHA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | IOH MIN =-0.4 mA 2.4 vDD \Y
VOL, Output Low Voltage 10 MAX = 1.6 mA 0.4 \
VOL, CLK Output 10=3.6mA 0.6 \Y
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 UA
CMAX, CLK Output Maximum Capacitive Load 15 pF
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ELECTRICAL SPECIFICATIONS (Continued)

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

PARAMETERS | conpiTions | min | Nom | max | uniTs
PSK Modulator
Carrier Suppression Measured at TXA 55 dB
Output Amplitude TX scrambled marks -1 ) 10 -9 dBmo
FSK Mod/Demod -
Output Freq. Error CLK = 11.0592 MHz -0.35 +0.35 Y%
Transmit Level Transmit Dotting Pattern -1 -10 -9 dBmo
Harmonic Distortion THD in the alternate band N-GE -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 -0.25 L+ 0.25 %
Output Amplitude Low Group, DPSK Mode -10 -9 -8 dBmo
Output Amplitude High Group, DPSK Mode -8 -7 -6 dBmo
Twist High-Group to Low-Group 1.0 _2".‘0__A 3.0 dB
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 N 0 dBmo
Reject Level 2-Tones in 350-600 Hz band -41 dBmo
Delay Time -70 dBm0 to -30 dBmO0 STEP 27 ] eo0 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:

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 dBmo0
Delay Time -70 dBmo0 to -30 dBmO STEP 15 45 ms
Hysteresis Single tone detected 2 3.0 dB
Hold Time -30 dBmo0 to -70 dBmO STEP 10 24 ms
Answer Tone Detector ]
Detect Level Not in V.21 mode -49.5 -42 dBmo
Delay Time -70 dBm0 to -30 dBmO STEP 20 45 ms
Hold Time -30 dBm0Q to -70 dBmOQ STEP 10 30 ms
Detect Freq. Range 2.5 +2.5 Y%
Output Smoothing Filter
Output load TXA pin; FSK Single 10 kQ
Tone out for THD = -50 db 50 pF
in 0.3 t0 3.4 KHz
Spurious Freq. Comp. Frequency = 76.8 kHz -39 dBmo
Frequency = 153.6 kHz -45 dBm0
Output Impedance TXA pin 200 300 Q
Clock Noise TXA pin; 76.8 kHz 1.0 mvVms
Carrier VCO
Capturé Range Originate or Answer -10 +10 Hz
Capture Time -10 Hz to +10 Hz Carrier 40 100 ms
Frequency Change 3
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 i
Tone Accuracy 550 or 1800 Hz 20 | +e0 Hz
Tone Level 550 Hz 40 | 30 | -20 dB
(Below DPSK Output) 1800 Hz -7.0 -6.0 -5.0 dB
Harmonic Distortion 550 Hz B} \ W -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 1 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 o 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 ] s
TAC Address setup before control** 50 7 ns
TCA Address hold after control** 50 N ns
TWH Data hold after EXCLK 150 L] ms

*  Maximum time applies to parallel version only.

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

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 modemintegrated circuits. K-Series products
are designed to be used in conjunction with a control
processor, a UART or RS-232 serial data interface,
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.

Y; Cl4 c13
39pF 18 pF
Y1 sV
11.0592 p
MHZ
NC [_~—l D
RS232 XTee XLy CLK XTit XTL2 VDD
LEVEL e A e
CONVERTERS aoCs1
ca H>-1BTS PLO PoO7 C) GND
e F<Iroea—]
¢ <Horm P2 AD |—— RAD VREF
(o] L{> P13 WA |~ WA
ocD ALE [——— ALE sst RXA
coF < P15 PI1 L TS KSERES
P16 P32 POWER
J' P3.0 P1.7 RESET FAMILY
o | om0 d
BB | <-EXD
EXCLK
oM o
oo | <H-BX
TXCLK
D8
s s TXA
Us, Us RESET Bl
MC145406 j:sv
c12
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 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/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 for modem
control.

475 1%

.
4.
ZENER )

VR1
MoV
V250020

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

c1
390 pF

R4
374K 1%

signals will clip if a single-ended drive approach is
used. The bridged driver uses an extra op-amp (U1A)
toinvertthe 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 andthe 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 junction 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.

—VW—rt c2
ofer | 2ok o b
X 750 pF
S5 A A— et T
RO VA
20K 1% E_/E MOV
| ruz V250120
R8 5162V
20K 1%

D3

y ZENERS

VOLTAGE
REFERENCE

i3

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 willgenerally result in a sound design.
Following are additional recommendations which
should be taken into consideration when starting new
designs.

CRYSTAL OSCILLATOR

TheK-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 control is needed. The modem should be treated
as a high impedance analog device. A 22 mF electro-
lytic capacitor in parallel with a 0.1 mF ceramic capaci-
tor 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 mini-
mized 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 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 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
highto very iow 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

CAUTION: Use handling procedures necessary

(Top View) for a static sensitive component.
CK [] 1 [ gnp
Xt ff 2 27 g RXA
ono 0 X:; E 3 %] VREF
ok [ 2 ‘ = [ RESET
AD1 1 s 2 1 1sET
X1 Av2 s 2 [] RXCLK 4 3 2 1 28 27 26
xT2 AD3 (| 7 2 [} RxD
Ao AD4 [1 5 2 E ™
:;[ #0s [} o @[ os PLCC PINOUTS
A06 [} v w0 [ EXcLK ARE THE SAME AS
DATA [ AD7 ] 4 18 [] TXCLK THE 28-PIN DIP
WR ALE (] 12 17 [] INT
RD WR [} 13 16 (] TXA
VDDE Fo D " s p voo 12 13 14 15 16 17 18
400-Mil 600-Mil 28-Pin
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SS1 73K221L with Parallel Bus Interface
28-Pin DIP 73K221L - IP 73K221L — IP
28-Pin PLCC 73K221L - H 73K221L - IH
SSI 73K212L with Serial Interface
22-Pin DIP 73K221SL - IP 73K221SL - 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. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems
reserves the rightto make changes in specifications at any time withoutnotice. Accordingly, the reader is cautioned to verify that the data sheet
is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX: (714) 573-6914

0194 - rev. Protected by the following Patents (4,691,172) (4,777,453)
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DESCRIPTION

The SSI 73K222L 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 73K222L is an en-
hancement of the SSI 73K212L single-chip modem
which adds V.22 and V.21 modes to the Bell 212A and
103 operation of the SSI 73K212L. InBell212A mode,
the SSI'73K222L provides the normal Bell 212A and
103 functions and employs a 2225 Hz answer tone.
The SSI73K222L 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 SSI 73K222L inte-
grates analog, digital, and switched-capacitor array
functions on a single substrate, offering excellent per-
formance and a high level of functional integration in a
single 28- or 22-pin DIP configuration. The
SSI 73K222L operates from a single +5V supply.

The SSI 73K222L includes the DPSK and FSK modu-
lator/demodulator functions, call progress and hand-
shake tone monitor and a tone generator capable of

January 1994
FEATURES

One-chip CCITT V.22, V.21, Bell 212A and 103
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 or parallel microprocessor bus for controi
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 available: ALB, DL, RDL, Mark, Space,
Alternating bit patterns

Precise automatic gain control allows 45 dB
dynamic range

CMOS technology for low power consumption us-
ing 30 mW @ 5V

Single +5 volt supply

(Continued)
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DESCRIPTION (Continued)

tone required for European applications. This device
supports 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 SSI173K222L is designed
to appearto 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/data bus or serial control bus. An ALE control
line simplifies address demultiplexing. Data communi-
cations occurs through a separate serial port only.

The SSI73K222L 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 73K222L 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 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 73K222L 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
stop bits in order to output a signal which is 1200 or 600
bit/s + 0.01% (+ 0.01% is required synchronous data
rate accuracy).
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The serial data stream from the ASYNC/SYNC con-
verter is passed through the data scrambler and onto
the analog modulator. The data scrambier 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 conver-
tor will reinsert any deleted stop bits and transmit
output data at an intra-character rate (bit-to-bit timing)
of no greaterthan 1219 bit/s. An incoming 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 ex-
tended 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 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 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 atthe same rate as
it is input.

DPSK MODULATOR/DEMODULATOR

The SSI 73K222L 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 73K222L 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)
are used. V.21 mode uses 980 and 1180 Hz (originate,
mark and space), or 1650 and 1850Hz (answer, mark
and space). Demodulation involves detecting the re-
ceived 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.

PARALLEL BUS INTERFACE

Four 8-bit registers are provided for control, option
select and status monitoring. These registers are ad-
dressed 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 registeris 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 73K222L 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 operationis 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 control interface 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 aninterrupt 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.
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PIN DESCRIPTION

POWER

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

GND 28 1 [ System Ground.

VDD 15 11 l Power supply input, 5V £10% (73K222L). Bypass with .1
and 22 pF capacitors to GND.

VREF 26 21 O An internally generated reference voltage. Bypass with
.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
.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

1o

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

20

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

Output clock. 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 modesonly. The pindefaults to the crystalfrequency
on reset.

INT

17

13

Iinterrupt. 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. Aiow requests a read of the SSI 73K222L 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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PIN DESCRIPTION (Continued)
PARALLEL MICROPROCESSOR INTERFACE (Continued)
NAME 28-PIN 22-PIN TYPE DESCRIPTION
WR 13 - | Write. A low on this informs the SSI 73K222L that data is

available on ADO-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

A0-A2 - 5-7 1 Register Address Selection. These lines carry register
addresses and should be valid during any read or write
operation. o

DATA - 8 [{e] 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 | Read. A low on this input informs the SSI 73K222L 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. Alowonthisinputinformsthe SSI173K222L 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
andthento pulse WR low. Data is written on the 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 parallel control versions by tying ALE high and CS iow.
In this configuration AD7 becomes DATA and ADO, AD1 and AD2 become A0, A1 and A2,
respectively.




SSI 73K222L
V.22, V.21, Bell 212A
Single-Chip Modem

PIN DESCRIPTION (Continued)

DTE USER

NAME

28-PIN

22-PIN

TYPE

DESCRIPTION

EXCLK

19

15

External Clock. This signal is used in synchronous trans-
mission when the externaltiming 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 can be 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 con-
stant marks if no carrier is detected.

TXCLK

18

14

Transmit Clock. This signal is used in synchronous trans-
missionto latch serialinput 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 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 (1200/600 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.

XTLA 2 3 | These pins are for the internal crystal oscillator requiring

XTL2 3 4 1 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 ADO, AD1 and
AD2 lines in parallel mode. In paraliel mode the ad-
dress lines are latched by ALE. Register CRO controls
the method by which data is transferred overthe phone

REGISTER BIT SUMMARY

line. CR1 controlsthe interface between the micropro-
cessor and the SSI 73K222L internal state. DR is a
detect register which provides an indication of moni-
tored 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 TRANSMIT TRANSMIT TRANSMIT ANSWER/
REGISTER  CRO 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 DR 010 DATA MARKS DETECT TONE PROGRESS LoOP
TONE RXD TRANSMIT TRANSMIT TRANSMIT DTMF1/ DTMFO/
CONTROL L] o011 OUTPUT GUARD ANSWER DTMF OVERSPEED GUARD/
REGISTER CONTROL TONE TONE
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.

3-57




SSI 73K222L
V.22, V.21, Bell 212A
Single-Chip Modem

REGISTER ADDRESS TABLE
ADDRESS DATA BIT NUMBER
I REGISTER AD2 - ADO D7 l D6 ] DS D4 l D3 | D2 D1 —[ Do
CONTROL MODULATION TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ORIGINATE/
REGISTER  CRO 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
] 3 2 1 )
01200 BIT/S DPSK l____ 0000=PWR DOWN ] 0=DISABLE 0=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 SYNCH TXA OUTPUT
0100=ASYNCH 8 BITS/CHAR
0101=ASYNCH 9 BITS/CHAR
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 )
I_ 00=TX DATA __l 0=DISABLE  0=NORMAL 0=XTAL 0=NORMAL I_. 00=NOHMAL___'
01=TX ALTERNATE 1=ENABLE 1=BYPASS 1=16 XDATA  1=RESET 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 CALL LONG
REGISTER DR 010 DATA MARKS DETECT TONE PROGRESS LooP
OUTPUTS I 0=CONDITION NOT DETECTED R
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF1/ ooyl
CONTROL ™ 011 OUTPUT GUARD/ ANSWER DTMF DTMF3 DTMF2 OVERSPEED ANSWER/
REGISTER CONTROL TONE TONE TONE
RXD PIN 0=OFF 0=OFF 0=DATA L 4 BIT CODE FOR 1 OF 16 — 11
0=NORMAL 1=ON 1=ON 1=TX DTMF DUAL TONE COMBINATIONS. 0=2225Hz AT.
1=TRI STATE 1800 Hz G.T.
1=2100 HZ AT.
500 Hz G.T.
D
REGISTER 10 10 D D ] [

00XX=73K212L, 322L, 321L
01XX=73K221L, 302L
10XX=73K222L
1100=73K224L.
1110=73K324L
1101=73K312L
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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, receive
Originate in low band).
1 Selects originate mode (transmit in low 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 O Selects power down mode. All functions disabled
D2 Mode 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 1t 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.

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

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

0 1 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).

11 0 O Selects FSK operation.

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

D5 D4 D3 D2 D1 DO
TRANSMIT | TRANSMIT| TRANSMIT [ TRANSMIT | TRANSMIT| ANSWER/
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.
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, 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 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 bit is 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 by the
Pattern 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
D5 D4 D3 D2 D1 DO
| RECEIVE | UNSCR. CARR. ANSWER CALL LONG
A 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.
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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
b2 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 setto a 1.
D3 Carrier 0 No carrier detected in the receive channel.
Detect 1 Indicates carrier has been detected in the receive
channel.
D4 Unscrambied 0 No unscrambled mark.
D"fe?élc(:( 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
D6 D5 D4 D3 D2 D1 DO
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
Dé D5 D4 DO DO interacts with bits D6, D5, and D4 as shown.
DO DTMF o/ X X 1 X Transmit DTMF tones.
Answer/ —
Guard Tone X 0 0 O Detects 2225 Hz in originate mode.
X 1 0 0 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).
1 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 0 1 Asynchronous DPSK +2.3% -2.5%.
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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
D3 D2 D1 DO
D3, D2, DTMF 3, 0 0 0 oO- Programs 1 of 16 DTMF tone pairs that will be
D1, DO 2,1,0 11 1 1 transmittedwhen 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 0O 770 1209
5 01 0 1 770 1336
6 0o 1t 1 0 770 1477
7 0o 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 1 1 0 1 697 1633
B 1 1 1 0 770 1633
C 1 1 1 1 852 1633
D 0 0 0 0 | 941 1633
D4 Transmit 0 Disable DTMF.
DTMF 1 Activates DTMF. The selected DTMF tones are
transmitted continuously when this bit is high. TX
DTMF overrides all other transmit functions.
D5 D4 DO D5 interacts with bits D4 and D0 as shown.
D5 Transmit X Disables answer tone generator.
A_?swer 0 Enables answer tone generator. A 2225 Hz answer
one tone will be transmitted continuously when the Trans-
mit Enable bit is set in CRO. The device must be in
answer mode.
1 0 1 Likewise a 2100 Hz answer tone will be transmitted.
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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 DTMF3{ DTMF 2| 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.
ID 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 or 73K321L
Identification 0 1 X X SSI 73K221(L) or 73K302L
Signature 1 0 X X SS173K222(L)
1 1 0 0 SSI173K224L
1 1 1 0 SSI73K324L
1 1 0 1 SS173K312L
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ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING
VDD Supply Voltage 14V -
Storage Temperature -65 to 150°C
Soldering Temperature (10 sec.) 260°C -
Applied Voltage -0.3to VDD+0.3V

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 001 | | +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 22 MQ
and ISET pins) o |
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
IDD1, Power-down CLK = 11.0592 MHz mA
IDD2, Power-down CLK = 19.200 KHz mA
Digital Inputs
VIH, Input High Voltage
Reset, XTL1, XTL2 3.0 VDD \
All other inputs 2.0 VDD \Y
VIL, Input Low Voltage 0 0.8 \
IIH, Input High Current VI = VIH Max __100 LA
liL, Input Low Current VI = VIL Min -200 LA
Reset Pull-down Current Reset = VDD 1 50 pA
Input Capacitance All Digital Input Pins 10 pF
Digital Outputs
VOH, Output High Voltage | I0H MIN = -0.4 mA 24 VDD \Y%
VOL, Output Low Voltage 10 MAX = 1.6 mA 0.4 \Y%
VOL, CLK Quiput I0=3.6mA 0.6 \
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 UA
CMAX, CLK Output Maximum Capacitive Load 15 pF
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ELECTRICAL SPECIFICATIONS (Continued)

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

PARAMETERS | CONDITIONS | MIN r NOM , MAX | UNITS
PSK Modulator o ]
Carrier Suppression Measured at TXA 55 b dB
Output Amplitude TX scrambled marks -1 -10.0 -9 dBmo
FSK Mod/Demod
Qutput Freq. Error CLK = 11.0592 MHz -0.35 +.35 %
Transmit Level Transmit Dotting Pattern -11 -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 dBmo
Twist High-Band to Low-Band, DPSK Mode | 1.0 2.0 3.0 dB
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 i -41 dBmo
Delay Time -70 dBmo to -30 dBmQ0 STEP 27 80 ms
Hold Time -30 dBmo0 to -70 dBm0 STEP 27 80 ms
Hysteresis 2 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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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 dBmO to -70 dBm0 STEP 10 24 ms
Answer Tone Detector
Detect Level Not in V.21 mode -49.5 -42 dBm0
Delay Time -70 dBmo0 to -30 dBm0 STEP 20 45 ms
Hold Time -30 dBm0 to -70 dBm0 STEP 10 30 ms
Detect Freq. Range -2.6 +2.5 Y%
Output Smoothing Filter
Output 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 dBmo0
TXA pin Output Impedance 200 300 Q
Clock Noise TXA pin; 76.8 KHz 1.0 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
receive data valid at RXD pin . 30 50 ms
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ELECTRICAL SPECIFICATIONS (Continued)
DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS ] MIN | NOM l MAX | UNITS
Guard Tone Generator o
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 ALELow | 30 | | ns
TLA CS/Addr. hold after ALE Low 20 L 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 B 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 B
*  Control for setup is the falling edge of RD or WR. o
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 modemintegrated circuits. K-Series products
are designed to be used in conjunction with a control
processor, a UART or RS-232 serial data interface,
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 ar-
rangements are shown: one for a 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.
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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 microcontroliers 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/data interface. 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-232interface handshake lines are used formodem
control.

T1
MIDCOM
g 671-8005

VRt
/| Mov
EV] Vas0L20




SSI 73K222L
V.22, V.21, Bell 212A
Single-Chip Modem

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 5V supply. Because
DTMF tones utilize a higher amplitude than data, these

¢
390 pF

R3
4751%

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 from the gain setting op-amp
(U1B) before sending it to the other leg of the trans-
former. Eachop-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 junction 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

c2

0.033nF

| i

671-8005

I

T oo e

0A7nfF
250V

R13
22K

!

u2
4N35

VA1
MOV

o1
Naoos va250L20

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/digital design rules must be used to
control systemnoise 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 should be treated
as a high impedance analog device. A 22 mF electro-
lytic capacitor in parallel with a 0.1 mF ceramic capaci-
tor 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 mini-
mized 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 on the board, and
digital signals should not be routed near low level or
high impedance analog traces. The analog and digital
grounds shouid 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 fre-
quency 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
highto very low signal levels. The width of the “bow!” of
these curves, taken at the BER point, is the measure of
dynamic range.
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= “EQOn” Indicates bit CR1 D4 is set for additional phase equalization.




SSI 73K222L
V.22, V.21, Bell 212A
Single-Chip Modem

PACKAGE PIN DESIGNATIONS
(Top View)

CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION FEATURES
The SSI 73K222U is a compact, high-performance + Modem/UART combination optimized for integral bus
modem which includes a 8250A/16C450 compatible applications

UART with the 1200 bit/s modem function on a single
chip. Based onthe SSI 73K222L 5V low power CMOS
modem IC, the SSI 73K222U is the perfect modem/
UART component for integral modem applications. It is
ideal for applications such as portable terminals and
laptop computers. The SSI 73K222U is the first fully
featured modem IC which can function as an intelligent
modem in integral applications without requiring a
separate dedicated microcontroller. It provides for data
communication at 1200, 600, and 300 bit/s in a multi-
mode manner that allows operation compatible 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 in personal 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 SSI 73K222U 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.

Includes features of SSI 73K222L single-chip modem

Fully compatible 16C450/8250 UART with 82508 or

8250A selectable interrupt emulation

High speed UART willinterface directly with high clock

rate bus with no wait states

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, carrier, 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
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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 modem C.
The SSI 73K222U is designed specifically for integral
microprocessor bus intelligent modemproducts. 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 which use a
separate local microprocessor for command interpre-
tation and control of the modem function. in this 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 portin a typical
PC application with no additional circuitry required.

UART FUNCTION (16C450)

The UART section of the SSI 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 single polarity for the
control signals is supported. The register contents and
addresses are also the same as the 16C450. To insure
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 function of the UART is to perform paraliel-
to-serial conversion on data received from the CPU
and serial-to-parallel conversion on data received 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 aclock at 16 x the datarate. 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 must be
300 Hz or less. The baud generator can create a clock
that supports digital transfer at up to 115.2 kHz. The
output of the baud generator can be made available 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 ana-
log 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 per-
formed with switched capacitor technology.



SS1 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 recoversthe clock which
was encoded into the analog signal during modulation.
The demodulator decodes either a 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 inherently better
performance than typical DPSK demodulators used by
other manufacturers.

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 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 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 set to 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 froma0toai.

TEST FEATURES

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

LINE INTERFACE

The line interface of the SSI173K222U consists of a two-
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 SSI 73K222U is an open
drain signal capable of sinking 20 mA, which can
control aline 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
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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

VREF is an internally generated reference voltage which is
externally bypassed by a 0.1uF capacitor to the system
ground.

ISET

11

The analog current is set by connecting this pin to VDD
through a2 MQresistor. 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
XTL2

25
24

27
26

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

CLK

21

23

Output Clock. This pin is selectable under processor con-
trol 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. Anactive signal (high) onthis pinwill put the chipinto
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 parallef bus interface.
The local microprocessor interface is replaced with UART
control signals which allow the device to function as a digital
UART as well as modem.
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PIN DESCRIPTION (continued)
UART INTERFACE
NAME DiP PLCC TYPE DESCRIPTION
UAO0-UA2 37-39 41-43 | UART Address. These pins determine which of the UART
UA3 12 14 [ 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, UAO-UAS3 are latched
when ADS goes high. In dual-port, only UAQ-UA2 are

used.

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

DISTR 35 38 1 Data Input Strobe. A low on this pin requests a read of the

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

DOSTR 36 39 | Data Output Strobe. Alow onthis pinrequests 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.

CSs2 1 2 | Chip Select. A low on this pin allows a read or write to the
UART registerstooccur. Insingle portmode, 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. 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 putina high
impedance state with the OUT2 register bit in the Modem
Control Register. In single-port mode, INTRPT also be-
comes validwhen amodem interrupt signal is generated by
the modem section’s Detect Register.

RXD 6 8 110 Function is determined by STNDLN pin and bit 7, Tone
Controf Register:
STNDLN | D7
0 0 RXD outputs data received by modem.
1 0 RXD is electrically an input but signal is
ignored.
X 1 RXD is a serial input to UART.
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PIN DESCRIPTION (continued)

UART INTERFACE (continued)

TXD

7

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

DIP

PLCC

TYPE

DESCRIPTION

TXA1
TXA2

4
5

(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 pinoutputs 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 bit in CR3.
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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. UA3 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
UA0Q-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.

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

DCD 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.

DTR 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.
R

RTS 2 3 0 Request to 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.

3-83



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 24 110 Serial Control Data. Serial control data to be read/written 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. If the 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 I 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.

WR 26 28 | Write. A low on this input informs the SSI 73K222U that
control data or status informationis available for writing into
a modem register. The procedure for writing is to shift in
data LSB firston the 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
and thento 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 uniess the RD signal is active.

—
™
w
o

(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 must then
read the Modem Detect Register to determine which detect
triggered the interrupt. INT will stay active until the proces-
sor reads the Modem Detect Register or does a full reset.

mPRST* 8 10 o 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.

*NOTE: The mPRST pin is an upgraded function which was not included in the initial definition of the
SSI 73K222U.
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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 paratlel bus utilized
for data transfer. This mode is enabled whenthe 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 usedto 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 MAQ, 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

UART CONTROL REGISTER OVERVIEW

the UA3 pin becomes the MA2 pin in this mode.

DATA BIT NUMBER
UART
REGISTER ADDRESS D7 D6 D5 D4 D3 D2 D1 Do
UA3-UAO*
RECEIVER
BUFFER 0000 BIT7 BITO
A L ety BIT6 BITS BIT4 BIT 3 BIT2 BIT 1 o)
(READ ONLY)
TRANSMIT 0000
HOLDING BIT7 BITO
e 1 ™R | a0 (Mo BIT6 BITS BIT4 BIT3 BIT2 BIT 1 o)
(WRITE ONLY)
INTERRUPT ENABLE ENABLE ENABLE ENABLE ENABLE
ERABLE \ER 0001 0 o 0 8250A/ MODEM REC. LINE THR REC. DATA
REGISTER DLAB =0 16C450 STATUS STATUS EMPTY AVAILABLE
INTERRUPT | INTERRUPT | INTERRUPT | INTERRUPT | INTERRUPT
INTERRUPT INTERRUPT | INTERRUPT | "0 IF
REGISTER IR 0010 0 0 ] 4] [+] 0 D INTERRUPT
(READ ONLY) BIT1 BITO PENDING
LINE DIVISOR EVEN PARITY NUMBER WORD WORD
CONTROL | LCR 0011 LATCH SET STICK PARITY AL OF STOP LENGTH LENGTH
REQISTER ACCESS BREAK PARITY SELECT My BITS SELECT1 | SELECTO
(DLAB) (EPS). (PEN) (8T8B) LS1) (WLS0)
. ENABLE DATA
MODEM mPRST REQUEST
CONTROL | MCR | o100 0 0 0 Loor | INTERRUPT | ot IN | Tosenp | TERMINAL
REGISTER wour2 16C450) (ATS) READY
IN 16C450) (DTR)
TRANSMIT | TRANSMIT
LINE BREAK FRAMING PARITY | OVERRUN DATA
STATUS LSR 0101 0 SHIFT REG. | HOLDING | \NTERRUPT ERROR ERROR ERROR READY
REGISTER EMPTY | REGISTER (1) (FE) PE) (0F) (OR)
(TSRE) __]EMPTY(THRE)
MODEM DATA DELTA TRAILING DELTA DELTA
STATUS | msr | o110 CARRIER | INDraoR SE}’QE':DY [SEAR | baTaCARR | EDGE AING | DATASET CLEAR
REGISTER DETECT R0 (DSR) ©T8) DETECT | INDICATOR READY TO SEND
(READ ONLY) (DCD) (DDCD) (TERY) (DDSR) (DCTS)
SCRATCH
AeaRel | sca 0111 BIT7 BIT6 BITS BIT4 BIT 3 BIT2 BIT 1 BITO
DIVISOR
LATCH oL | ;90 BIT7 BIT6 BIT5 BIT4 BIT3 BIT2 BIT 1 BITO
(Ls)
DIVISOR
LATCH DLM D&"g‘_‘ BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT 9 BIT S
(MS)
* In single-port mode (STNDLN pin = 1), all four address lines UA3-UAQ 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;
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Single-Chip Modem
with UART

MODEM CONTROL REGISTER OVERVIEW

ADDRESS DATA BIT NUMBER
STNDLN
REGISTER 0 ! 7 D8 05 D4 D3 D2 D1 Do
ma2- | UAs-
Ma0 | UAg
CONTHOL | cRo | o000 | 1000 |MODULATION o MODULATION| POWER [ CHARACTER |CHARIGTER | rpansmiT | ORIGINATE/
OPTION MODE ON ENABLE ANSWER
0 (READ ONLY) | (READ ONLY)
CONTROL TRANSMIT | TRANSMIT | ENABLE BYPASS - TEST TEST
REGISTER | CR1 001 1001 PATTERN PATTERN DETECT | scRAMBLER | CONTROL RESET MODE MODE
1 1 0 INTERRUPT 1 0
DEVICE DEVICE UNSCR. ANSWER CALL LONG
pETECT.| DR | 010 | 1010 | siGNATURE | siGNATURE | PECENE MARK CARRER TONE PROGRESS LOOP
1 0 DETECT DETECT DETECT DETECT
TONE TRANSMIT | TRANSMIT DTMF 0
CONTROL [ TONE [ ot1 | 1011 | BXOXD | "guaap ANSwER | TRARSMIT DTME DTMF DTMF | quaRDaNs.-
REGISTER TONE TONE TONE
CONTROL
REGISTER | CR2 | 100 | 1100 RESERVED FOR FUTURE USE
2
CONTROL SPEAKER | SPEAKER
REGISTER | CR3 101 101 VOLUME VOLUME OFF-HOOK X X X X X
3 1 )
S‘E:(’;g;%: scr | 110 | 1110 BIT7 BIT6 BITS BIT4 BIT3 BIT2 BIT 1 BITO
UART LK REQUEST DATA RING DATA DATA CLEAR
POV X TOSEND |TERM. READY CARRIER SET T0
oL ueR ! (READ ONLY) (RTS) (DTR) ‘ND'&?; OR I5eTECT (DCD)|  READY SEND
(READ ONLY) | (READ ONLY) (DSR) (TS)
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Single-Chip Modem
with UART
UART REGISTER BIT DESCRIPTIONS
RECEIVER BUFFER REGISTER (RBR) (READ ONLY)
STNDLN: 0 1
ADDRESS: UA2 - UAO =000, DLAB =0 UA3 - UAO = 0000, DLAB =0

This readonly 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-UA0=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 outputfromthe chip. Allother systemfunctions operate intheir 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 82508 compatibility.

D5 - D7 Not Used 0 These three bits are aiways logic 0.
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INTERRUPT ID REGISTER (liR) (READ ONLY)
STNDLN: 0

ADDRESS: UA2 - UA0 =010

1 UART SECTION

UA3 - UAO = 0010

The IIR register gives prioritized information as to the status of interrupt conditions. When accessed, the IR
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 an inter-
ruptis pending. When bit 0 is a logic 0, an interrupt
is pending and the IR 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 IIR 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 IIR are always logic 0.
INTERRUPT PRIORITY TABLE
D2 D1 DO PRIORITY TYPE SOURCE RESET
0 0 1 - None None -
1 0 Highest Receiver Line Status | Overrun Error, Reading the Line
Parity Error, Status Register
Framing Error or
Break interrupt
1 0 0 Second Receive Data Receive Data Reading the Rovr.
Available Available Buffer Register
0 1 0 Third Transmit Holding Transmit Holding Reading IR 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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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 B
0 0 5 bits
0 1 6 bits
1 0 7 bits -
1 1 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. Ifbit2is 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 Thisbitisthe Parity Enable bit. When bit 3 is a logic
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 tor0 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.
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LINE CONTROL REGISTER (LCR) (Continued)

BIT NO. NAME

CONDITION

UART SECTION

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
a logic 1 or as a logic 1 if bit 4 is a logic 0.

Parity

ODD Parity

EVEN Parity

MARK Parity

- - oo

- |O|= O

SPACE Parity

D6 Set Break 1

Output 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

Bit (DLAB)

This bit is the Divisor Latch Access Bit (DLAB).Iﬂ
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.

cause of the break.

to be restored.

break duration.

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-

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

During the break, the Transmitter can be used as a character timer to accurately establish the
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MODEM CONTROL REGISTER (MCR) -
STNDLN: 0 1 UART SECTION
ADDRESS: UA2 - UAO0 =100 UA3 - UAD = 0100

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

DA RTS 1 This bit controls the Request to Send (RTS) output.
Whenbit1issettoalogic 1,the RTS outputis forced
toalogic0. Whenbit 1isresetto alogic0,the RTS
output is forced to a logic 1.

D2 mPRST* 1 In single-port mode inactive unless loop=1,
(OUT1 in 16C450) then functions as below (D4). In dual-port mode
the mPRST 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. i
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

mPRST are forced inactive.

4. The UART signals RTS, DTR, Enable Inter-
rupt, and mPRST 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 controlted by the Inter-
rupt Enable Register.

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

* Note: The mPRST bit has an upgraded function which was not included in the initial definition of the SSI 73K222U.
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with UART
LINE STATUS REGISTER (LSR) —
STNDLN: 0 1 UART SECTION
ADDRESS: UA2 - UAO = 101 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 datainthe
Receiver Buffer Register or by writing a 0 into it
from the processor.

D1 OE ; 1 The Overrun Error (OE) bit indicates that the data
inthe Receiver Buffer Registerwas notread by the
CPUbefore the nextcharacter was transferred into
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 1 The Parity Error (PE) bitindicates that the received
character did not have the correct parity. The bitis
resetto 0 wheneverthe CPU reads the Line Status
Register.

D3 FE 1 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 1 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 1 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 1 The Transmit Shift Empty (TSRE) indicates that
both the Transmit Holding Register and the Trans-
mit Shift Registers are empty.

D7 - 0 Always zero.
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MODEM STATUS REGISTER (MSR) (READ ONLY) _
STNDLN: 0 1 UART SECTION
ADDRESS: UA2-UAO0 =110 UA3-UA0=0110

This register provides the current state of the control signais 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 and fromthe CTS, DSR, DCD and Rl pins (inverted) if STNDLN = 1. Thisregisteris 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, mPRST, and Enable Interrupt

in the Modem Contro! 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 [ndicator
(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 thatthe 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 MCRis 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 Registerbit. If bit4 of the MCR
is setto a 1, this bit is the equivalent of DTR inthe
MCR.

D6 Rl 1 This bitis the complement of the Ring Indicator (RI)
input. If STNDLN = 0, this reflects the status of the
UART Control Registerbit. Ifbit 4 of the MCR is set
to a 1, this bit is equivalent to mPRST 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.




SSI 73K222U

Single-Chip Modem

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

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

DIVISOR LATCH (Least significant byte) (DLL)

STNDLN: [ 1

ADDRESS: UA2 - UAO = 000, DLAB = 1 UA3 - UAO = 0000, DLAB = 1
DIVISOR LATCH (Most significant byte) (DLM)

STNDLN: 0 1

ADDRESS: UA2 - UAO = 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 1.8432 MHz 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 clock is available at pin 21 under the control of bit 3 (D3) of the Modem Contro! 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
1345 857 0.058 19200 6
159 ° 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 Rate valid for normal 1200 BIT/S DPSK
transmission.
2400 48
3600 32
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MODEM REGISTER BIT DESCRIPTIONS MODEM SECTION

CONTROL REGISTER (CRO0)

STNDLN: 0 1

ADDRESS: MA2-MA0 =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.

Enables transmit output at TXA.

NOTE: Answer tone and DTMF TX control require
Transmit Enable. |f 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
0 0 8-bit character

0 1 9-bit character

1 0 10-bit character
1 1 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.

0 Power down mode. )
1 Normal operation.
D5 Modulation Mode 0 DPSK 77
1 FSK
‘D6 Reserved 0 Must be written as zero.
D7 Modulation Option 0 DPSK: 1200 bit/s i
1 600 bit/s
0 FSK: 103 mode -
1 V.21 mode
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CONTROL REGISTER (CR1) —
STNDLN: 0 1 MODEM SECTION

ADDRESS: MA2 - MAO = 001 UA3 - UAD = 1001
BIT NO. NAME CONDITION DESCRIPTION
DO, D1 Test Mode D1 DO
0 Selects normal operating mode.
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 squeich the TXA pin, transmit
enable bit must be forced low.

1 0 Selects remote digital loopback. Received datais
looped back to transmit data internally, and RXD is
forced to a mark. Data in TXD is ignored.

1 1 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 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 clock pin will be set to the crystal

frequency.
D3 CLK Control 0 CLK pin output is selected to be an 11.0592 MHz
(Clock Control) crystal echo output.
1 CLK pinoutput is selected to be 16 x the Data Rate
set by the UART divisor latch.
D4 Bypass Scrambier 0 Selects normal operation. DPSK data is passed

through scrambler.

1 Selects Scrambler Bypass. !)—F"SK data is routed
around scrambler in the transmit path.
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CONTROL REGISTER (CR1) (Continued)

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 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. The interrupt is
reset when the DR register is read.

De, 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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DETECT REGISTER (DR)
STNDLN: 0 1 MODEM SECTION

ADDRESS: MA2-MA0=010 UA3-UA0=1010

BIT NO. NAME CONDITION DESCRIPTION

DO Long Loop Indicates normal received signal.

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

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
modeor2100Hzin 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.

D1 Call Progress Detect

- O - O

D3 Carrier Detect No carrier detected in the receive channel.

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 > 165.5 +
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.

D6, D7 D7 D6 Product Identified

Device Signature 0, 1 0 0 SSI1 73K212U (special order only)
1 SSI 73K221U (special order only)
1 0 SS1 73K222U

D4 Unscrambled Marks

- O | =10

N
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TONE CONTROL REGISTER (TONE)
STNDLN: 0 1

ADDRESS: MA2 - MAO = 011 UA3 - UAD = 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|{ D0 | DO interacts with bits D6, D5, and D4 as shown:
Guard Tone X X] 1] X | Transmit DTMF tones. ]
X110} 0 | Select 2225 Hz answer tone (Bell).
x| 1|01 |select2100 Hz answertone (coITT). |
1]10]| 0] 0 | Select 1800 Hz guard tone.
1{0]0/| 1 | Select 550 Hz 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 01 0 1 770 1336
6 01 1 0 770 1477
7 0o 1 1 1 852 1209
8 1 0 0 O 852 1336
9 1 0 0 1 852 1477
0 1t 0 1 0 941 1336
A
* 10 1 1 | oM 1209
# 1t 1 0 0 941 1477
A 1 1 0 1 697 1633
B 111 0 | 770 | 1633
C 1 1 1 1 852 1633
D 0 0 0 O 941 1633
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TONE CONTROL REGISTER (TONE) (Continued) OD O
D4 TX DTMF 0 Disable DTMF.
(Transmit DTMF) Activates DTMF. The selected DTMF tones are
transmitted continuously when this bit is high. TX
DTMF overrides all other transmit functions.
D5 TX ANS D5 | DO D5 interacts with bit DO as shown.
(Transmit Answer Tone) 0 Disables answer tone generator.

1 0 Enables answer tone generator. A 2225 Hz an-
swer tone will be transmitted continuously when
the transmit enable bit is set. The device must be
in answer mode.

1 1 Enables a 2100Hz answer tone generator, with
operation same as above.

D6 TX Guard 0 Disables guard tone generator.
(Transmit Guard Tone) Enables guard tone generator. (See DO for selec-
tion of guard tones).
D7 RXD/TXD Controi STNDLN | D7 Function is dependant on status of STNDLN pin.

0 0 RXD is output data received by modem, TXD is
serial output of UART.

1 0 RXD is electrically an input, but the signal is
ignored, TXD is forced to a mark.

X 1 RXD is serial input to UART, TXD is serial output
of UART.

CONTROL REGISTER (CR3)
STNDLN: 0 1
ADDRESS: MA2 - MAO = 101 UA3 - UAD = 1101
BIT NO. NAME CONDITION DESCRIPTION
DO - D4 Not Used Not presently used. o
D5 Off Hook 0 Relay driver open.
Open drain driver pulling low.
D6, D7 Speaker Volume 0, 1 D7 Dé Speaker volume control status.

0 0 Speaker off

0 1 -24 dB

1 0 -12dB

1 1 0dB

3-102




SSI 73K222U
Single-Chip Modem
with UART

SCRATCH REGISTER (SCR) _
STNDLN: 1 MODEM SECTION

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

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

UART CONTROL REGISTER (UCR)
STNDLN: 1
ADDRESS: MA2 - MAO 111 UA3 - UAD = 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 Rl 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 can also be
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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ELECTRICAL SPECIFICATIONS

ABSOLUTE MAXIMUM RATINGS

TA = -40°C to 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 \

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 Vv
TA, Operating Free-Air
Temperature -40 85 °C
External Component (Refer to application drawing for placement.)
VREF Bypass Capacitor 2 (VREF to GND) 0.1 uF
Bias Setting Resistor (Placed between VDD
and ISET pins) 1.8 2 2.2 MQ
ISET Bypass Capacitor 2 ISET pin to GND 0.1 uF
VDD Bypass Capacitor 2 (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 Ciock 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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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  IIH Vi=VDD 100 HA
Input Low Current 1IN Vi=0 -200 UA
Input Low Voltage VIL 0.8 \
Input High Voltage  VIH Except RESET & XTL1 2.0 Vv
Input High Voltage  VIH RESET & XTLA1 3.0 \
Pull Down Current RESET PIN 5 30 pA
Input Capacitance - 10 pF
Digital Outputs
Output High Voltage VOH IOUT =-1mA 2.4 VDD %
VOL UDO0-UD7 and INTRPT IOUT =3.2 mA 0.4 \'
VOL other outputs IOUT = 1.6 mA 0.4 \%
CLK Qutput VoL IOUT =3.2mA 0.6 v
OH Output VOL I0UT = 20 mA ) 1.0 v
OH Output VOL IOUT = 10 mA 0.5 \
Offstate Current INTRPT pin | VO =0V -20 20 HA
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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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 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, not in V.21 mode -10 -9 -8 dBmo
QOutput Amplitude High Band, not in V.21 mode -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 350-600 Hz Band -39 0 dBmoO
Reject Level 2-Tones in 350-600 Hz Band -46 dBmoO
Delay Time -70dBm0O to -30 dBmO Step 27 80 ms
Hold Time -30dBmoO to -70 dBmO Step 27 80 ms
Hysteresis 2 dB
Carrier Detect DPSK or FSK Receive
Threshold Data -49 -42 dBmo
Delay Time -70 dBmO to -30 dBmO Step 15 45 ms
Hysteresis 2 3.0 dB
Hold Time -30 dBmQ to -70 dBmO Step 10 24 ms
Answer Tone Detector
Detect Level Threshold In FSK mode -49.5 -42 dBmo
Delay Time -70 dBmO to -30 dBm0 STEP 20 45 ms
Hold Time -30 dBm0Q to -70 dBm0 STEP 10 30 ms
Detect Frequency Range -2.5 +2.5 %

1. Allunits 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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DYNAMIC CHARACTERISTICS AND TIMING (Continued)
PARAMETERS CONDITIONS MIN NOM MAX UNIT
Speaker Output
I I

Gain Error -1 +1 dB

Output Swing SPKR 10K||50 pF LOAD 5% THD 2.75 VP
Carrier VCO

Capture Range Originate or Answer -10 I 10 | Hz

Capture Time -10 Hz to +10 Hz 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 1800 Hz -20 - +20 Hz

Tone Level 550 HZ 40 | 30 | =20 dB

{Below DPSK Output) 1800 HZ 70 | 60 | 50 daB

Harmonic Distortion 700 to 2900 HZ -60 dB
SERIAL BUS INTERFACE (See Figure 4)
The following times are for CL = 100 pF.
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 i 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 N ns
TACW Address setup before Write 50 ns
TCAW Address Hold after Write 5 | i ns
1. Control is later of falling edge of RD or DCLK.
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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 o 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
*  TAR and TAW are referenced fromthe falling edge of either CS2 or DISTR or DOSTR, which ever s later.
*  THZ and TDH are referenced from the rising edge of CS2 or DISTR or DOSTR, which ever is earfier.
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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 excelientimmunity 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.

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.

SSI 73K222U
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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 from frequency offsets. The SSIK-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 allow as much

as 7Hz offset, and the CCITT specifications require
modems to operate with 7Hz of offset.

SSI1 73K222U
BER vs CARRIER OFFSET
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APPLICATION

The SSI173K222U 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

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 ICAUTION: Use handling procedures necessary |
. for a static sensitive component.
(Top View)
cs2 []1 40 [] vbD
I Parentheses indicate single-port mode.
@ATS)/INT [ 2 39 [T uao
Txa1 [} 3 38 [] uA1 ‘@
Txa2 [] 4 37 [Juaz § - = o~ o
< o = o
INTRPT [ 5 36 [] DOSTR ‘E’?—‘SE !8 $9s5s5s528
RxD [ 6 35 [] DISTR R
INTRPT {7 o 39 | DOSTR
o []7 34 (] up7 o
_ RXD 8 38 || DISTR
(A uPRST [| 8 33 ] ube XD Do o b U7
1seT ] o 32 [Juos (R) /WPRST 010 36 I UD6
RESET [] 10 a1 [Juos ISET 0 11 35 I UDS
(oeo)y /oek [] 11 30 [] upa RESET 012 34 ) UD4
(ua3yMa2 [] 12 29 [] ub2 (DCD) /DCLK [ 13 33 [ UD3
(@A) /Mat [] 13 28 [J upt (UA3)/MA2 14 32 [} UD2
©T8) s ma0 [] 14 27 [] ubo (DSR)/MAT g 15 bt
(CTS)/MAQ (] 16 30 [} UDO
sTnowN [ 15 26 [] WR/(NiC)
STNDLN 17 29 1 N/IC
axa [ 16 25 [] L1 18 19 20 21 22 23 24 25 26 27 28
< @ a x « o N -
spkr [] 17 24 [] xTL2 2% 5 Q Z23g e 5 gig
or 18 23 [] R/ (ADS) @ > g @
VREF [] 19 22 [] DATA/ (DTR) E <
anp [ 20 21 [J ek
600-Mil 44-Pin
40-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K222U
40-Pin Plastic Dual-In-Line 73K222U-IP 73K222U-1P
44-Pin Plastic Leaded Chip Carrier 73K222U-H 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 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 92680-7022, (714) 573-6000, FAX (714) 573-6914

1293 - rev. 3-115 ©1989 Silicon Systems, Inc.
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SSI 73K224L
V.22bis/V.22/V.21,
Bell 212A/103
Single-Chip Modem

DESCRIPTION

The SSI 73K224L is a highly integrated single-chip
modem IC 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
SSI 73K224L 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 ad-
dress demultiplexing. Data communications normally
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 component change.

The SSI 73K224L operates from a single +5 V supply
for low power consumption.

The SSI73K224L is ideal foruse in eitherfree-standing
or integral system modem products where full-duplex

January 1994
FEATURES

One-chip muiti-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 for control with a
wide range of package options

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 (+18 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 100 mW @ 5V) with power-down mode
(15 mW @ 5V)

0194 - rev.

(Continued) o TTL and CMOS compatible inputs and outputs
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SSI 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 acomplete 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).

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 fre-
quencies 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
involves detecting the received frequencies and decod-
ing them into the appropriate binary value. The rate
converter and scrambler/descrambler are automatically
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% even thoughthe
modem’s output is limited to the nominal bit rate +.01%
in DPSK and QAM modes. 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 modu-
lator where quad-bit/di-bit encoding results in the out-
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put signal. Both the rate converter and scrambler can
be bypassed for handshaking, and synchronous op-
eration as selected. Received data is processed in
a similar fashion except that the rate converter now
acts toreinsert 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 passed through without incorrectly 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 ex-
tended Overspeed mode, stop bits are output at 7/8 the
normal width.

Both the SYNC/ASYNC rate converter and the data
descrambler are automatically 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 Asyn-
chronous mode except that data must be synchronized
to aprovided clock and no variation in datatransferrate
is allowable. Serial input 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
RXCLK pinin Slave mode. Receive data at the 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

Eight 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 control registers are read/write memory. The
detect and D registers are read only and cannot be
modified except by modem response to monitored
parameters.

SERIAL CONTROL INTERFACE

The serial Command mode allows access to the
SSI 73K324 control and status registers via a serial
control port. In this mode the A0, A1, and A2 lines
provide register addresses for data passed through the
DATA pinunder control of the RD and WR lines. A read
operationisinitiated whenthe RD line istaken low. The
next eight cycles of EXCLK will then transfer out eight
bits of the selected addresss location LSB first. A write
takes place by shifting in eight bits of data LSB first for
eight consectuive cycles of EXCLK. WR is then pulsed
low and data transfer into the selected register occurs
on the rising edge of WR.

DTMF GENERATOR

The DTMF generator controls the sending of the six-
teen standard DTMF tone pairs. The tone pair sent is
determined by selecting TRANSMIT DTMF (bit D4)
and the 4 DTMF bits (D0-D3) of the TONE register.
Transmission of DTMF tones from TXA is gated by the
TRANSMIT ENABLE bit of CRO (bit D1) as with all
other analog signals.
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PIN DESCRIPTION

POWER

NAME TYPE | DESCRIPTION

GND | System Ground.

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

VREF 0o An internally generated reference voltage. Bypass with .22 uF capacitor to
GND.

ISET i 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 bypassed
to GND with a .22 uF capacitor.

PARALLEL MICROPROCESSOR INTERFACE

ALE

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

ADO-
AD7

1710/
Tristate

Address/data bus.These bidirectional tri-state multi-plexed fines carry infor-
mation to and from the internal registers.

cs

Chip select. A low onthis 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

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.

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 processor reads the detect register or does a full reset.

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. An active high signal on this pin will put the chip into an inactive state.
Ali control register bits (CR0, CR1, CR2, CR3, Tone) will be reset. The output
of the CLK pinwill be setto the crystal frequency. Aninternal pull down resistor
permits power on reset using a capacitor to VDD.

Write. Alow onthisinforms the SSI 73K224L 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).

Note: The serial control mode is provided in the parallel versions by tying ALE high and CS iow. In this
configuration AD7 becomes DATA and ADO, AD1 and AD2 become AQ, A1 and A2, respectively.
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DTE USER INTERFACE

NAME

TYPE

DESCRIPTION

EXCLK

External Clock. This signat is used in synchronous transmission when the
externaltiming option has been selected. Inthe externaltiming mode the rising
edge of EXCLK is used to strobe synchronous transmit data available on the
TXD pin. Also used for serial control interface.

RXCLK

Offristate

Receive Clock. Tri-stateable. 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 QAM or DPSK valid output data. RXCLK will be
active as long as a carrier is present.

RXD

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

Ofristate

Transmit Clock. Tri-stateable. This signalis used in synchronous transmission
to latch serial input data on the TXD pin. Data must be provided so that valid
datais available on the rising edge of the TXCLK. The transmit clock is derived
fromdifferent 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.

XD

Transmit Digital 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 data must be +1%, -2.5% or +2.3%, -2.5 % in extended
overspeed mode.

ANALOG INTERFACE AND OSCILLATOR

RXA | Received modulated analog signal input from the phone line.

TXA (0] Transmit analog output to the phone line.

XTL1 | These pins are for the internal crystal oscillator requiring a 11.0592 MHz
XTL2 110 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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PIN DESCRIPTION (continued)
SERIAL MICROPROCESSOR INTERFACE

NAME

TYPE

DESCRIPTION

AO-A2

Register Address Selection. These lines carry register addresses and should
be valid during any read or write operation.

DATA

/10

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.

Read. A low on this input informs the SSI 73K322L that data or status
information is being read by the processor. The falling edge of the RD signal
will initiate a read from the addresses 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 on this input informs the SSI 73K322L. 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 and then to 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 CS are removed and replaced with the pins;
A0, A1, A2, DATA, and an unconnected pin. Also, the RD and WR controls are used differently.
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REGISTER DESCRIPTIONS

Eight 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 paraliel 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

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-
trolsthe 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
for DR and ID which are read only. Register control and
status bits are identified below:

REGISTER BIT SUMMARY
ADDRESS DATA BIT NUMBER
REGISTER AD- A0 o7 D6 Ds Da D3 D2 D1 Do
CONTROL MODULATION | MODULATION | TRANSMIT | TRANSMIT | TRANSMIT
MODULATION TRANSMIT | ANSWER/
REGISTER  CRO 000 ol TvPe Tvee MoDE MooE MoDE ENABLE ORIGINATE
CONTROL TRANSMIT | TRANSMIT ENABLE | scmamien CLK TEST TEST
REGISTER CR1] 001 PATTERN PATTERN DETECT CONTROL RESET MODE MODE
1 1 0 INTERRUPT 1 o
DETECT RECEIVE PATTERN RECEIVE UNSCR. CARRIER SPECIAL CALL SaNAL
REGISTER DR 010 MARK TONE PROGRESS
LEVEL St DET DATA DETECT DETECT DETECT DETECT QuauTy
TONE RXD TRANSMIT | TRANSMIT DTMF1/
CONTROL TR| on ouTPUT GUARD ANSWER TRANSMIT DTMF3 DTMF2 ExTeNDED | DTMFO/GUARD/
REGISTER CONTROL TONE TONE OVERSPEED
CONTROL SPECIAL
CALL TRANSMIT RESET TRAIN EQUALIZER
REGISTER CR2 | 100 REGISTER | pmiaiize o 16 WAY e INBIT ENABLE
2 ACCESS
CONTROL TRISTATE RECEIVE TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT
REGISTER CR3 | 101 TXDALT TeTATE GAIN ATTEN. ATTEN. ATTEN. ATTEN,
3 BOOST 3 2 1 )
SPECIAL sQ sa
REGISTER SR | 101 TX BAUD RX UNSCR. SELECT 1 SELECT 0
cLock DATA
D
REGISTER  ID| 110 D D 0 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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ADDRESS DATA BIT NUMBER |
[ recisten AD2- ADO o7 D6 s | ™ nm [ m D1 o |
CONTROL MODULATION | MODULATION | MODULATION | TRANSMIT | TRANSMIT | TRANSMT | TRAnsMIT ANSWER/
REGISTER  CRO 000 OPTION TYPE TYPE MODE MODE MODE ENABLE ORIGINATE
1 2 1 o
l_ 10-0AM .__J_ 0000-PWR DOWN ___J 0=DISABLE 0-ANSWER
OAM: 02400 BIT/S 00=DPSK 0001=INT SYNCH TXAOUTPUT  1=ORIGINATE
DPSK: 0=1200 BI/S 01=FSK XT SYNCH 1=ENABLE
1=600 BIT/S LAVE SYNCH TXA OUTPUT
FSK: 0=103 MODE YCH 8 BITS/CHAR
1=v.21 YCH 9 BITS/CHAR
YCH 10 BITSICHAR
YCH 11 BITSICHAR
CONTROL TRANSMIT | TRANSMIT ENABLE BYPASS oK TEST TEST
REGISTER CR1| 001 PATTERN PATTERN DETECT | gopaMBLER | CONTROL RESET MODE MODE
' 1 ] INTERRUPT 1 [
‘_ 00=TX DATA _____J 0<DISABLE ~ O-NORMAL  O0=XTAL 0=NORMAL I_ 00=NORMAL_J
-ENABLE ~ 1-BYPASS _  1-16XDATA 1-RESET 01-ANALOG LOOPBACK
1 SCRAMBLER RATE OUTPUT 10=REMOTE DIGITAL
11=TX SPACE AT CLK PIN IN OOPBA
QAMDPSK 11-LOCAL DIGITAL
MODE ONLY LOOPBACI
DETECT RECEIVE $1 RECEIVE UNSCR. CARRIER ANSWER cp SIGNAL
REGISTER  DR[ 0w LEVEL PATTERN DATA MARKS DETECT TONE TONE QUALITY
INDICATOR DETECT DETECT DETECT DETECT INDICATOR
0=SIGNAL 0-NOT PRESENT OUTPUTS [ oconomonnorpeTecTED — ] 0-Go0D
BELOW 1=PATTERN RECEIVED 1=CONDITION DETECTED 1=BAD
THRESHOLD  FOUND DATA STREAM
1=ABOVE
THRESHOLD
ToNE RXD TRONSMT | Transwr | TRANSMT DTMF 1 DTN/
CONTROL ~ TR| o1 oUTPUT vt ANSWER DTWF DTMF3 DTMF2 EXTENDED GUARD!
REGISTER CONTROL TONE TONE OVERSPEED ANSWER
RXD PIN 0-OFF 0=OFF 0-DATA Y S/ — |
0-NORMAL 1-0N 1-0N 1=TX DTMF DUAL TONE COMBINATIONS 0-1800 Hz G.T.
1=OPEN 2225 Hz ANS TONE
‘GENERATED.
1=550 Hz G.T,
2100 Hz ANS TONE
GENERATED &
DETECTED (V.21, V.22)
CONTROL SPECIAL CALL TRANSMIT TRAIN EQUALIZER
REGISTER CR2| 100 ] REGISTER | INMALIZE 81 16 WAY DSP INHIBIT ENABLE
2 ACCESS
0-ACCESS CR3 0-DSP IN ONORMAL  0=RX=TX 0-DSP 0=ADAPTEQ  0=ADAPT EQ
1-AGCESS DEMODMODE  DOTTING  1-RX-16WAY  INACTIVE ACTIVE IN INIT
SPECIAL 1-DSPINCALL  1=S1 -DSP 1=ADAPTEQ  1=ADAPTEQ
REGISTER PROGRESS ACTIVE FROZEN OK TO ADAPT
MODE
CONTROL TRISTATE RECEIVE TRANSMT | TRANSMIT | TRANSMT | TRANSMIT
REGISTER CR3| 101 TXDALT TURXCL [ GAIN ATTEN. ATTEN, ATTEN. ATTEN.
3 BOOST 3 2 1
ALTERNATE 0-NOBOOST L ooo0-1111,SETS
11898 BOOST TRANSMIT ATTENUATOR
16 9B RANGE
DEFAULY=0100 ~ -10dBmO
SPECIAL RAX UNSCR. sa se
REGISTER  8R| 101 DATA SELECT1 SELECTO
OUTPUTS OUTPUTS _‘
TXBAUD UNSCR STXALT BIT s
CLOCK DATA 0010 BER
0110 BER
10-10 BER
11a10"3 BER
1D
REGISTER 10 110 D D I D

00XX=73K212L, 3221, 321L

01XX=73K221L, 302L
10XX=73K222L

110t=73K312L
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CONTROL REGISTER 0

D7 D6 D5 D4 D3 D2 D1 DO

CRO | MODUL. { MODUL. | MODUL. | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT! ANSWER/
000 | OPTION | TYPE1 | TYPEO | MODE 2 MODE 1 MODE 0 ENABLE [ORIGINATE

BIT NO. NAME CONDITION DESCRIPTION
DO Answer/ 0 Selects answer mode (transmit in high band, receive
Originate 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: Transmit Enable must be set to 1 to allow
activation of Answer Tone or DTMF.

D5 D4 D3 D2
D5, D4, Transmit 0 0 0 O Selects power down mode. All functions disabled
D3, D2 Mode 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 onthe rising
edge of TXCLK. Receive data is clocked out of RXD on
the falling edge of RXCLK.

0 0t O 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.

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

0 1 0 O Selects asynchronous mode - 8 bits/character (1 start
bit, 6 data bits, 1 stop bit).
0 1 0 1 Selects asynchronous mode - 9 bits/character (1 start
bit, 7 data bits, 1 stop bit).
0 1 1 0 Selects asynchronous mode - 10 bits/character (1 start
bit, 8 data bits, 1 stop bit).
0 1 1 1 Selects asynchronous mode - 11 bits/character (1 start
bit, 8 data bits, Parity and/or 1 or 2 stop bits).
1 X 0 0 Selects FSK operation.
D6 D5
D6,D5 Modulation 10 QAM
Type 00 DPSK
0 1 FSK
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CONTROL REGISTER 0 (Continued)

CRO
000

D7

D6

D5

D4

D3

D2

D1

DO

MODUL.
OPTION

MODUL.
TYPE 1

MODUL.
TYPEO

TRANSMIT
MODE 2

TRANSMIT

MODE 1

TRANSMIT
MODE 0

TRANSMIT
ENABLE

ANSWER/
ORIGINATE

BIT NO.

NAME

CONDITION

DESCRIPTION

D7

Modulation

Option

0

QAM selects 2400 bit/s. DPSK selects 1200 bit/s.
FSK selects 103 mode.

DPSK selects 600 bit/s.
FSK selects V.21 mode.

CONTROL REGISTER 1

D7

D6

D5

D4

D3

D2

D1

DO

CR1
001

TRANSMIT
PATTERN
1

TRANSMIT
PATTERN
0

ENABLE
DETECT
INT.

BYPASS
SCRAMB

CLK
CONTROL

RESET

TEST
MODE

TEST
MODE

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 carrier frequency as the transmitter. To
squelch the TXA pin, TRANSMIT ENABLE bit as well

as Tone Reg bit D2 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 carrrier at
TXA pin.

D2

Reset

Selects normal operation.

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

D3

Clock Control

Selects 11.0592 MHz crystal echo output at CLK pin.

Selects 16 X the data rate, output at CLK pinin DPSK/
QAM 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 INT. 1 0
BIT NO. NAME CONDITION DESCRIPTION
D4 Bypass 0 Selects normal operation. DPSK and QAM data is passed
Scrambler through scrambler.
1 Selects Scrambler Bypass. Bypass DPSK and QAM
data is routed around scrambler in the transmit path.
D5 Enable Detect 0 Disables interrupt at INT pin. Allinterrupts are normally
Interrupt disabled in power down mode.
1 Enables INT output. An interrupt 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 0 0 Selects normal data transmission as controlled by the
Pattern state of the TXD pin.

0 1 Selects an alternating mark/space transmit pattern for
modem testing and handshaking. Also used for St
pattern generation. See CR2 bit D4. ]

10 Selects a constant mark transmit pattern. -

1 1 Selects a constant space transmit pattern.

DETECT REGISTER
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 |DETECT|INDICATOR
BIT NO. NAME CONDITION DESCRIPTION
DO Signal Quality 0 Indicates normal received signal.
Indicator 1 indicates fow received signal quality (above average
error rate). Interacts with specig[ register bits D2, D1.
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 bandwidth.
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DETECT REGISTER (Continued)

D7 Dé 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 In Call Init mode, indicates detection of 2225 Hz
answer tone in Bell mode (TR bit D0=0) or 2100 Hz if
in CCITT mode (TR bit DO=1). The device must be in
originate mode for detection of answer tone. Both
answer tones are detected in demod mode.

D3 Carrier 0 No carrier detected in the receive channel.
Detect 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
Detect 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 soft-
ware. S1 patternisdefined as a double di-bit (001100..)
unscrambled 1200 bit/s DPSK signal. Pattern must be
aligned with baud clock to be detected. B
D7 Receive Level 0 Received signal level below threshold, (typical ~ -25
Indicator dBm0); can use receive gain boost (+18 dB).
1 Received signal above threshold.
TONE REGISTER
D7 D6 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 Bell mode answer tone. Interacts with DR bit D2
Guard Tone and TR bit D5.
X 1 0 1 Select CCITT mode answer tone. Interacts with DR bit
(Continued) D2 and TR bit D5.
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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 [ DTMF 2/ | EXTENDED| ANSWER/
011 CONTR. TONE TONE 4 WIRE OVER- GUARD
FDX SPEED
BIT NO. NAME CONDITION DESCRIPTION
DO DTMF 0/ D6 D5 D4 DO DO interacts with bits D6, D5, and D4 as shown.
Answer/
Guard Tone 1 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.
D DTMF 1/ 0 A h QAM or DPSK +1.0% Y |
1 Extended 0 synchronous or +1.0% -2.5%. (normal)
Overspeed 0 1 Asynchronous QAM or DPSK +2.3% -2.5%. (extended
overspeed)
D4 D2
D2 DTMF 2/ 0 0 Selects 2 wire duplex or half duplex ]
4 ":"I’::)F(‘E 0 1 D2 selects 4 wire full duplex in the modulation mode
selected. The receive path corresponds to the ANS/
ORIG bit CR0 D0 interms of high or low band selection.
Thetransmitter is inthe same band as the receiver, but
does not have magnitude filtering or equalization on its
signal as in the receive path.
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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 [ DTMF 2/ | EXTENDED | ANSWER/
011 CONTR. TONE TONE 4 WIRE OVER- GUARD
FDX SPEED
BIT NO. NAME CONDITION DESCRIPTION
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 11 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 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 01 0 1 770 1336
6 0 1.1 0 770 1477
7 0o 1 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
* 1 0 1 1 941 1209
# 1 1 0 0 941 1477
A 11 0 1 697 1633
B 11 1 0 770 1633
C 1T 1 1 1 852 1633
D 0 0 0 O | 941 1633
D4 TX DTMF 0 Disable DTMF.
(Transmit 1 Activate DTMF. The selected DTMF tones are trans-
DTMF) mitted continuously when this bit is high. TX DTMF
overrides all other transmit functions.

Note: DTMFO0 - DTMF2 should be set to an appropriate state after DTMF dialing to avoid unintended operation.
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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 {DTMF 2/ |EXTENDED| ANSWER/
011 CONTR. TONE TONE 4 WIRE OVER- GUARD
FDX SPEED
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, aCCITT 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.) Bit D4 must be zero.
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.

CONTROL REGISTER 2

D7 D6 D5 D4 D3 D2 D1 DO
CR2 SPEC CALL TRANSMIT RESET TRAIN | EQUALIZER
100 0 REG INIT S1 16 WAY DSP INHIBIT ENABLE
ACCESS
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 cal-
culate its coefficients. B
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
controtl 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 alternating mark/space
S1 . mode transmits 0101....... scrambled or not dependent
on the bypass scrambler bit.

1 When this bit is 1 and only when the transmitter is placed
in alternating mark/space mode by CR1 bits D7, D6, and
in DPSK or QAM, 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
detectionbased onthe various mode bits. Both answer
tones are detected in demod mode concurrently; TR-
DO is ignored.

1 The DSP decodes unscrambled mark, 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 REGIS-
TER for details.
D7 Not used at this time 0 Only write zero to this bit.
CONTROL REGISTER 3
D7 D6 D5 D4 D3 D2 D1 DO
CR3 |TXDALT [TRISTATE RECEIVE | TRANSMIT [ TRANSMIT | TRANSMIT | TRANSMIT
101 TXRXCLK o4  BOOST ATTEN. ATTEN. ATTEN. ATTEN.
. ENABLE 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 trans-
mit level of -10 dBmO0 on the line with the recom-
mended hybrid transmit gain. The total range is 16 dB.

D4 ) 0 18 dB receive front end boost is not used.

Receive 1 Boost is in the path. This boost does not change
Gain Boost reference levels. Itis used to extend dynamic range by
compensating for internally generated noise when

receiving weak 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 at this time 0 Only write zero to this bit.

D6 TRISTATE 0 TXCLK and RXCLK are driven.

TXCLK/RXCLK 1 TXCLK and RXCLK are tristated.
D7 TXDALT Spec. Reg. Bit D3=1 Alternate TX data source. See Special Register.
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SPECIAL REGISTER
D6 D5 D3 D2 D1
{ TXBAUD { RXUN- TXD SIGNAL SIGNAL
{ CLOCK | 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.
D6 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

signaling.
D3 TXD SOURCE | This bit selects the transmit data source; either the TXD pin if ZERO or the

TXDALT ifthis bitisa ONE. The TRANSMIT PATTERN bits D7 and D6 in 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 comparedto a given threshold. This threshold can be set to four levels of error

rate. The SQI bit will be low for good or average connections. As the error rate
crosses the threshold setting, the SQl bit willtoggle 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. At that 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.

D2 D1 THRESHOLD VALUE UNITS
0 0 10°% 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 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 D6 D5 D4
ID ID ID ID iD
110 3 2 1 0
BIT NO. NAME CONDITION DESCRIPTION
D7 De D5 D4 Indicates Device:
D7, D8, Device 0 0 X X SSI 73K212L, 73K321L or 73K322L
D5, D4 Identification [ 0 1 X X SSI 73K221L or 73K302L
Signature |4y 9 x x SS| 73K222L
1 1 0 1 SSI 73K312L
1 1 0 0 SSI 73K224L
1 1 1 0 SSI 73K324L
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING
VDD Supply Voltage 7v
Storage Temperature -65 to 150°C
Soldering Temperature (10 sec.) 260°C
Applied Voltage -0.3 to VDD+0.3V

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 \'
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 pF
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 18 39 pF
XTL2 Load Capacitance Depends on crystal requirements 18 27 pF
Clock Variation (11.0592 MHz) Crystal or external clock | -0.01 +0.01 %
TA, Operating Free-Air -40 85 °C
Temperature
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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
IDD, Supply Current CLK = 11.0592 MHz
ISET Resistor =2 MQ
IDD1, Active Operating with crystal oscillator, 18 25 mA
IDD2, Idle < 5 pF capacitive load on CLK pin 3 5 mA
Digital Inputs
VIL, Input Low Voitage | 08 \
VIH, Input High Voltage
All Inputs except Reset 2.0 VDD \
XTL1, XTL2
Reset, XTL1, XTL2 3.0 vDD \Y
IH, Input High Current VI =VDD 100 uA
IIL, Input Low Current Vi=0v -200 ' PA
Reset Pull-down Current Reset = VDD 2 | | 50 HA
Digital Outputs
VOH, Output High Voltage | 1O = IOH Min 2.4 VDD \
I0UT = -0.4 mA
VOL, Output Low Voltage 10 =10UT = 1.6 mA 3 0.4 \
RXD Tri-State Pull-up Curr. | RXD = GND -2 B -50 HA
Capacitance
Maximum Capacitive Load
CLK Maximum permitted load 25 pF
Input Capacitance All 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 | unirs
QAM/DPSK Modulator
Carrier Suppression Measured at TXA 35 dB
Output Amplitude TX scrambled marks -11.5] -10.0 -9 dBmo
ATT=0100 (default)
FSK Moduilator/Demodulator
Output Freq. Error CLK = 11.0592 MHz -.31 +.20 Yo
Transmit Level ATT = 0100 (Default) 115 -10.0 -9 dBmo
Transmit Dotting Pattern
TXA Output Distortion All products through BPF -45 dB
Output Bias Distortion Dotting Pattern measured at RXD -10 +10 %
at RXD Receive Level -20 dBm, SNR 20 dB
Output Jitter at RXD Integrated for 5 seconds 15 +15 Y%
Sum of Bias Distortion and | Integrated for 5 seconds
Output Jitter -17 +17 %
Answer Tone Generator (2100 or 2225 Hz) '
Output Amplitude ATT = 0100 (Default Level) -11.5 -10 -9 dBmo
Not in V.21
Output Distortion Distortion products in receive band | -40 dB
DTMF Generator Not in V.21
Freq. Accuracy -0.03 +0.25 %
Output Amplitude Low Band, ATT = 0100, DPSK Mode -10 -8 dBmo
Qutput 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 dBm0
Call Progress Detector In Call Init mode |
Detect Level 460 Hz test signal -34 0 dBmo
Reject Level -40 dBm0
Delay Time -70 dBm0 to -30 dBm0 STEP 25 ms
Hold Time -30 dBmo to -70 dBmO STEP 25 ms

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
Carrier Detect Receive Gain = On for lower input level measurements
Threshold All Modes -48 -43 dBmO
Hysteresis All Modes 2
Delay Time FSK 70 dBm0 to -6 dBm0 25 37 ms
70 dBm0 to -40 dBm0 25 37 ms
DPSK | -70 dBm0 to -6 dBmO 7 17 ms
-70 dBm0 to -40 dBmO 7 17 ms
QAM -70 dBmo0 to -6 dBmO 25 37 ms
-70 dBm0 to -40 dBmo0 25 37 ms
Hold Time FSK -6 dBm0 to -70 dBm0 25 37 ms
-40 dBm0 to -70 dBmO 15 30 ms
DPSK [ -6 dBm0 to -70 dBm0 20 29 ms
-40 dBmQ to -70 dBm0 14 21 ms
QAM -6 dBmO to -70 dBm0 25 32 ms
-40 dBmo0 to -70 dBm0 18 28 ms
Answer Tone Detectors DPSK Mode
Detect Level -48 -43 dBmo0
Detect Time Call Init Mode, 2100 or 2225 Hz 6 50 ms
Hold Time 6 50 ms
Pattern Detectors DPSK Mode
S1 Pattern
Delay Time For signals from -6 to -40 dBmO, 10 55 ms
Hold Time -6 to -40 dBm0, Demod Mode 10 45 ms
Unscrambled Mark
Delay Time For signals from -6 to -40 10 45 ms
Hold Time call Init Mode 10 45 ms
Recelve Level Indicator
Detect On -22 -28 dBmo
Valid after Carrier Detect DPSK Mode 1 4 7 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 dBmO
Energy 10 kHz, Guard Tones off -55 dBmo
12 kHz, Guard Tones off -65 dBmo
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS | MIN I NOM | MAX | UNITS
Anti Alias Low Pass Filter
Out of Band Signal Energy | Level at RXA pin with receive
(Defines Hybrid Trans- Boost Enabied
Hybrid loss requirements) | scrambled data at 2400 bit's 14 dBm
in opposite band
Sinusoids out of band -9 dBm
Transmit Attenuator
Range of Transmit Leve! Default ATT=0100 (-10 dBm0) 1111-0000 | -21 -6 dBmo
Step Accuracy -0.15 +0.15 daB
Output Impedance 200 300 z
Clock Noise
| TXA pin; 153.6 kHz | ] | 15 | mvims
Carrier Offset
Capture Range | Originate or Answer | | 5 | +7 i Hz
Recovered Clock
Capture Range % of frequency (originate or -0.02 +0.02 %
answer)
Guard Tone Generator
Tone Accuracy 550 Hz +1.2 %
1800 Hz -0.8
Tone Level 550 Hz -45 -3.0 -15 dB
(Below QAM/DPSK 1800 Hz -75 -6.1 -4.5 dB
Output)
Harmonic Distortion 550 Hz -50 dB
(700 to 2900 Hz) 1800 Hz -50 dB
Timing (Refer to Timing Diagrams)
Parallel Mode
TAL CS/Addr. setup before ALE Low 30 ns
TLA CS/Addr. hold after ALE Low 6 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 90 ns
TLL ALE width 25 ns
TRDF Data float after RD High 40 ns
TRW RD width 70 ns
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DYNAMIC CHARACTERISTICS AND TIMING (Continued)

PARAMETERS CONDITIONS min | nom | max | units
Paraliel Mode (Continued)
TWW WR width 70 ns
TDW Data setup before WR High 70 ns
TWD Data hold after WR High 20 ns
Serial Mode
TRCK Clock High after RD Low 250 T 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 40 ns
TCKDR Read Data out after Falling 300 ns
Edge of EXCLK
TWW WR width 350 ns
TAW Address setup before WR Low 50 ns
TWA Address hold after Rising 50 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 of EXCLK
TDCK Data setup before Falling 50 ns
Edge 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

ALE

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 products
are designed to be used in conjunction with a control
processor, a UART or RS-232 serial data interface,
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 +5 or 12V
designandone forasingle 5V design. These diagrams
are for reference only and do not represent production-
ready modem designs.
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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 microcontroliers from Intel or many other
manufacturers. The serial interface 22-pin version can
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/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-232 interface handshake lines are used formodem

control.

T1
MIDCOM
671-8005

»—o T

s
4
zeNer Y

VR1
/1 MOV
=l V250120

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 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 ampiifier (U1C) picks
off its signal at the junction of the impedance matching
resistor andthe transformer. Because the bottomleg of
the transformer is being driven in one direction by U1A
andthe resistor is driven in the opposite direction atthe
same time by U1B, the junction of the transformer and
resistor remains relatively constant and the receive
signal is unaffected.

DESIGN CONSIDERATIONS

Silicon Systems’ 1-chip modem products inciude 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.

ST

_/_jVH

MOV
V250L20

VOLTAGE
REFERENCE

c7 +CB
—vl'oAmF l\ouf

2N2222A

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 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 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 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 imped-
ance analog device. A 22 mF electrolytic capacitor in
parallel with a 0.22 mF ceramic capacitor between 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 Interference) which
must be minimized in order to meet regulatory agency
limitations. To accomplish this, high speed digital de-
vices 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 foliows.

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
highto 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)
44-Lead PLCC
cK [] 1 28{] GND
Xt 2 271 RXA
Xtz [ 3 26[] VREF
GND [} 1 22 [] RXA ADO [] 4 25[] RESET
ciklz 21 ] VREF AD1 [ 5 24[] 1SET
XTL1 (] 3 20 [] RESET AD2 (] 6 23[] RXCLK
xTL2[] 4 19 [JISET A3 ] 7 22{1 RXD
32-Lead PLCC
Aof]s 18 [J RXCLK AD4 [] 8 2111 T™XD
Aille 17 [1 RXD ADs [} 9 20{] C§
A7 16 [ TXD ADs [| 10 191 EXCLK
DATA [l 8 15 {1 EXCLK AD7 [ 11 18[] TXCLK
WR(]e 14 [] TXCLK ALE [] 12 17{] iNT
RD (] 10 13 [TINT WR [ 13 16 1 TXA
vop [ 11 12 [] TXA RO [ 14 15 [1 vDD
400-Mil 600-Mil
22-Pin DIP 28-Pin DIP
32, 44-Pin PLCC
X X st "
- Qo o o o 8 I e < uw
w e - b4
GoEEgssResB ek 8 rE3s Et
s T e T s T e T e T s S e O e N e Y s S s O o N s N M M v Juul £ £ fam1
Sy 52 §1 50 49 48 47 46 45 44 43 42 41 40 s no 4 3 2 1 o8 27 26
AD1 [[5 25 [1 RESET
VREF []2 38 ] INTB
NC ] 3 37[] NC AD2 [] 6 24 [11SET
RXA[] 4 36[] TXA AD3 [] 7 23 [1 RXCLK
Ne [ s 35 0] NC AD4 [ 8 22 [I RXD
NC ] 6 34[] NC
ADS [] 9 21 [] TXD
GND ] 7 33[] voD
NC [ 8 32[] NG AD6 [] 10 20 0 C8
CLK[] o 31 NC AD7 [] 11 19 [] EXCLK
NC []10 30 {] RDB L 12 18 14 15 16 17 18 |
XTAL1 [] 11 29{] WRB € 2 8 2 & %
; SERg§E R ]
XTAL2 []12 28] NC s
NC [[13 27[] ALE
14 15 16 17 18 19 20 21 22 23 24 25 26 .
kl._l|_||_||_|Lll_lgll_.ln_ln__ll_li_lLl) 28“P|“PLCC
o Q = N O ¥ v © ~ Q Q
§882388348883¢2°2
52-Lead QFP

CAUTION: Use handling procedures hecessary
for a static sensitive comppnent.
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PACKAGE PIN DESIGNATIONS
{Top View)
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CAUTION: Use handling procedures necessary
for a static sensitive component.

ORDERING INFORMATION

PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K224L with Serial Bus Interface
22-Pin Plastic Dual-In-Line 73K224LS-IP 73K224LS-IP
SSI 73K224L with Parallel Bus Interface
28-Pin Plastic Dual-In-Line 73K224L-IP 73K224L-IP

28-Pin Plastic Leaded Chip Carrier

73K224L-281H

73K2241-28IH

32-Pin Plastic Leaded Chip Carrier

73K224L-32IH

73K224L-32IH

44-Pin Plastic Leaded Chip Carrier 73K224L-IH 73K224L-IH
52-Lead Quad Flat Pack Package 73K224L-1G 73K224L-1G
64-Lead Thin Quad Flat Pack Package 73K224L-IGT 73K224L-IGT

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 rightto make changes in specifications at any time withoutnotice. Accordingly, the reader is cautioned to verify that the data sheet

is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680-7022, (714) 573-6000, FAX (714) 573-6914

0194 - rev.

Protected by the following patents:

(4,777,453), (4,789,995), (4,870,370), (4,847,868), (4,866,739)

3-147

©1989 Silicon Systems, Inc.



Notes:

3-148



A TDK Group J Company

Jiﬁ'wnﬂ‘ffamqp

SSI 73K302L
Bell 212A, 103, 202
Single-Chip Modem

Preliminary Data

DESCRIPTION

The SSI 73K302L is a highly integrated single-chip
modem IC which provides the functions needed to
construct a Bell 202, 212A and 103 compatible
modem. The SSI 73K302L is an enhancement of the
SSI 73K212L single-chip modem with Bell 202 mode
features added. The 73K302L is capable of 1200 or
0-300 bit/s full-dupiex 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 SSI 73K302L 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 +5V supply with very low power
consumption.

The SS1 73K302L includes the DPSK and FSK modu-
lator/demodulator functions, call progress and hand-
shake tone monitors, test modes, and atone 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

January 1994
FEATURES

¢ 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 parailel microprocessor bus
for control

* Serial port for data transfer

* Both synchronous and asynchronous modes of
operation

* Call progress, carrier, precise answer tone

(2225 Hz), soft carrier 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

0194 - rev.

(Continued)
DATA OTMF &
A0o-a07 (. BUS C:> o8 TONE oLk [ 2 ] GND
BUFFER aus -~ GENERATORS xTLt {2 27 (1 Rxa
MODULATOR/
o T FOR DEMODULATOR TRANSMIT xrz O s I ver
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CAUTION: Use handling procedures necessary
for a static sensitive component.
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DESCRIPTION (Continued)

synchronous and asynchronous communications.
The SS173K302L 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/databus orvia an optional
serial command bus. An ALE control line simplifies
address demultiplexing. Data communications occurs
through a separate serial port only.

The SSI73K302L is ideal for use in either free standing
or integral system modem products where multi-stan-
dard data communications is desired. Its highfunction-
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 overthe 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 haif-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 Belior 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 will then insert or delete stop
bits inorderto output a signal which is 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 ex-
tended 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. 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 corniverter. The ASYNC/ASYNC con-
verterwillreinsert any deleted stop bits and 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 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 except that data mustbe synchro-
nized to a provided clock and no variation in data
transferrate 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 data is transmitted out at the same rate as
it is input.

DPSK MODULATOR/DEMODULATOR

In DPSK mode the SS1 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 ei-
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ther 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 ad-
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dressed 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 parallelbusinterface 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
operationis initiated when the RD line istaken low. The
first bit is available after RD is brough low and the next
seven cycles of EXCLK willthentransfer out seven bits
of the 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 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 Hz tone. 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. 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.

ADQ-AD7 4-11 - 110 Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

[o53] 20 - ! Chip select. Alow on this pin during the falling edge of ALE

allows a read cycle or a write cycle to occur. AD0O-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 mode only. The pindefaults to the crystal frequency
on reset.

INT 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 73K302L 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. 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.
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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 SSI1 73K302L that data is

available on AD0-AD? for writing into an internal register.
Datais fatched on the rising edge of WR. No data is written
unless both WR and the latched CS are active 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 lle} 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 | Read. A low on this input informs the SSI 73K302L that
data or status information is being read by the processor.
The falling edge of the RD signal will initiate a read fromthe
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. Alowonthisinputinformsthe SS173K302L 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 WR low. Data is written on the rising edge
of WR.

Note: In the 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 used differently.

The serial control mode is provided in the parailel control versions 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. In the 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
dataoutput. The rising 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 (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 con-
stant marks if no carrier is detected.

TXCLK 18 14 e} 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. Serial data for transmission 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 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.

XTLA 2 3 | These pins are for the internal crystal oscillator requiring

XTL2 3 4 | 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

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
inparallel 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

REGISTER BIT SUMMARY

interface between the microprocessor and the
SSI 73K302L 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 DS D4 03 D2 D1 Do
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
REGISTER CRO | 000 OFTION MODE MODE MODE MODE ENABLE | ORIGINATE
o 3 2 1 0
CONTROL TRANSMIT | TRANSMIT | ENABLE | gohithSS LK TEST TEST
REGISTER CR1 001 PATTERN PATTERN DETECT RESET MODE MODE
1 1 0 INTERRUPT o 1 0
DETECT
RECEIVE UNSCR. CARRIER | SPECIAL cALL LONG
REGISTER DR | 010 DATA MARKS DETECT TONE PROGRESS Loop
TONE RXD TRANSMIT | TRANSMIT | tnansmir DTMF/ DIMFU | spoarvones
CONTROL ~TR| on ouTPUT scT ANSWER v DTMF3 2027 OVERSPEED | pacaen et
REGISTER CONTROL TONE TONE FDX WeR 10
CONTROL
REGISTER CR2 | 100 THESE REGISTER LOCATIONS ARE RESERVED FOR
2
CONTROL
REGISTER CR3 | 101 USE WITH OTHER K-SERIES FAMILY MEMBERS
3
i
REGISTER  ID| 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
f REGISTER AD2 - ADO D7 [ D6 J D5 T D4 L D3 D2 D1 [ Do
CONTROL MODULATION TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ORIGINATE/
REGISTER CRo | 000 OPTION MODE MODE MODE MODE ENABLE ANSWER
[} 3 2 1 [}
0=103 FSK I_ 0000=PWR DOWN { 0=DISABLE IN 212, 103 MODES:
1=202 FSK 1100=FSK TXAQUTPUT  0-ANSWER
0010=EXT SYNCH 1=ENABLE 1=ORIGINATE
0011=SLAVE SYNCH TXA OUTPUT
0100=ASYNCH 8 BITS/CHAR IN 202 MODE:
0101-ASYNCH 9 BITSICHAR 0-RECEIVE @ 1200 BIT/S,
0110-ASYNCH 10 BITSICHAR TRANSMIT @ 150 BIT/S
0111-ASYNCH 11 BITSCHAR 1=RECEIVE @ 150 BITS,
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 0 INTERRUPT | ADD PH. EQ. 1 )
I_ 00=TX DATA _] 0-ENABLE  0=NORMAL  0<XTAL 0=NORMAL L 00=NORMAL __]
01=TX ALTERNATE 1=DISABLE ~ 1=BYPASS  1=16XDATA  1=RESET 01=ANALOG LOOPBACK
10=TX MARK SCRAMBLER  RATE OUTPUT 10=REMOTE DIGITAL
11=TX SPACE 1=ADDEXTRA AT CLK PIN IN LOOPBACK
PHASEEQ.  DPSK MODE ONLY 11=LOCAL DIGITAL
IN 202 ONLY LOOPBACK
DETECT RECEIVE UNSCR. CARRIER SPECIAL CALL LONG
REGISTER DR| o010 DATA MARKS DETECT TONE PROGRESS LOOP
oUTPUTS | E— 0=CONDITION NOT DETECTED -1
RECEIVED 1=CONDITION DETECTED
DATA STREAM
TONE RXD TRANSMIT | TRANSMIT | TRANSMIT DTMF2/ DTMF1/ DTMFoO/
CONTROL  TR| of1 OUTPUT scT ANSWER DTMF DTMF3 202T OVERSPEED | SPECIAL
REGISTER CONTROL TONE TONE FDX TONE
| I
AXD PIN 0=OFF 0=OFF 0=DATA L_
4 BITCODE FOR 1 OF 16
0-NORMAL 12ON 1=ON 1=TXDTMF 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 D D D
00XX=73K212L, 322L, 321L
01XX=73K221L, 3021
10XX=73K2224.
1100=73K224L
1110.73K324L
1101=73K312L
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CONTROL REGISTER 0

D7

CRO | MODUL
000 | OPTION

D5 D4 D3 D2 D1 DO

TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | TRANSMIT | ANSWER/
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE

BIT NO. NAME CONDITION DESCRIPTION

DO Answer/ 0 Selects answer mode in 103 and 212A modes (trans-
Originate mit in high band, receive in low band) or in Bell 202
mode, receive at 1200 bit/s and transmit at 150 bit/s.

1 Selects originate mode in 103 and 212A modes (trans-
mit in low band, receive in high band) or in Bell 202
mode, receive at 150 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.

D1 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 0 0 0O Selects power down mode. All functions disabled
D2 Mode 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 O 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.

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

0 1 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).

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

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

1t 1 0 0 Selects 103 or 202 FSK operation.
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CONTROL REGISTER 0 (Continued)

D7 D4 D3 D2 D1 DO
CRO | MODUL. TRANSMIT| TRANSMIT | TRANSMIT | TRANSMIT| TRANSMIT | ANSWER/
000 | OPTION | ODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE
BIT NO. CONDITION DESCRIPTION
Deé 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 001 1 FSK Bell 103 mode.
1 1 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 receiver to
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.

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.
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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.
é\dd IP hase 1 Selects Scrambler Bypass. DPSK data is routed
qualization 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 1 Enables INT output. An interruptwill be generated with
a change in status of DR bits D1-D4. 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
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.
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 DO 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 setto 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.
é\llark 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.
De, 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 CfF?F":ILR ANSWER DTMF DTMF 3| 202 OVER- SPECIAL
011 | CONTR. | rrN-OFF TONE FDX SPEED | TONE SEL
TONE
BIT NO. NAME CONDITION DESCRIPTION
D5 D4 DO DO interacts with bits D6, D4, and CRO as shown.
DO DTMF 0/ 0 1 X Transmit DTMF tones.
Special Tone 0 0 0 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 detectedin D2 of DR if Bell 202
answer mode is selected in CRO.
X 0 1 Mark of an FSK mode selected in CRO is to be detected
in D2 of DR.
1 0 O 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 full-duplex operation if D4=0
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 11 1 1 transmittedwhen 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 0o 0 1 1 697 1477
4 01 0 O 770 1209
5 0 1 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
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TONE REGISTER (Continued)
D7 D6 D5 D4 D3 D2 D1 DO
RxD | TRANSMIT | TRANSMIT | TRANSMIT DTMF 2/ | DTMF 1/ | DTMF 0/
TR | OUTPUT | capmiern | ANSWER DTMF | DTMF3| 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
# 1.1 .0 0 941 1477
A 1.1 0 1 697 1633
B 1.1 1 0 770 1633
c 1.1 1 1 852 1633
D 0 0 0 0 941 1633
D4 Transmit 0 Disable DTMF.
DTMF

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 answer tone, the
device must be in answer mode.

D6 Transmit 0 Disables SCT tone generator.
SCT Tone
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 D6 D5 D4
ID ID D ID 1D
110
BIT NO. NAME CONDITION DESCRIPTION
D7 D6 D5 D4 Indicates Device:
D7, D6 Device 0 0 X X SSI 73K212L, 73K321L or 73K322L or 73K321L
Identification 0 1 X X SSI 73K221L or 73K302L
Signature 1.0 X X SSI 73K2221 ]
11 0 0 SSI 73K224L
11 1 0 SSI 73K324L
11 0 1 SSI 73K312L
ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING
VDD Supply Voltage 14V
Storage Temperature -65 1o 150°C
Soldering Temperature (10 sec.) 260°C
Applied Voltage -0.3to VDD+0.3V

Note: All inputs and outputs are protected from static charge using built-in, industry standard protection
devices and all outputs are shont-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 na
Bias setting resistor (Placed between VDD and ISET pins) | 1.8 2 2.2 MQ
ISET Bypass Capacitor (ISET pin to GND) 0.1 B uF
VDD Bypass Capacitor 1 (External to GND) 0.1 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
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 Volitage 0 0.8 \
IH, Input High Current VI = VIH Max 100 HA
liL, Input Low Current VI = VIL Min -200 UA
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 10 MAX = 1.6 mA 0.4 \%
VOL, CLK Qutput 10 =3.6 mA 0.6 \%
RXD Tri-State Pull-up Curr. | RXD = GND -1 -50 HA
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 o ,
Carrier Suppression Measured at TXA 45 - dB
Output Amplitude TX scrambled marks -1 -10 9 dBmo
FSK Modulator
Output Freq. Error CLK = 11.0592 MHz -0.35 +0.35 %
Transmit Level Transmit Dotting Pattern -11 -10 -9 dBmo
Soft Carrier Turnoff Tone -11.9 | -10.9 -9.9 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 +3 %
In ALB @ RXD ] .
Total Output Jitter Random Input in ALB @ RXD _-10 +10 %
DTMF Generator Must not be in 202 mode B
Freq. Accuracy -0.25 +0.25 %
Output Amplitude, Low group DPSK mode -10 -9 -8 dBmo
Output Amplitude, High group | DPSK mode -8 -7 -6 ’-dBmO
Twist High-Band to Low-Band 1.0 2.0 3.0 dB
Long Loop Detect With Sinusoid -38 -28 dBmo
Dynamic Range Refer to Performance Curves | 45 _dE_J
Note: Parameters expressed in dBmoO refer to the following definition:
5V Version:
0 dB loss in the Transmit path to the line.
2 dB gain in the Receive path from the line.
Reter 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
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 dBmo
Delay Time -70 dBmo0 to -30 dBmO STEP 20 40 ms
Hold Time -30 dBmO to -70 dBm0 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 dBmo
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 | 1 1
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 0 | kQ
Tone out for THD =-50 dB —
in 0.310 3.4 kHz 50 pF
Out of Band Energy Frequency >12 kHz in all modes -60 dBmo0
See Transmit Energy Spectrum B
Output Impedance TXA pin 20 50 Q
Clock Noise TXA pin; 76.8 kHz or 122.88 kHz 0.1 0.4 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) I -
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

| conpiions

| min | nom | max | uniTs

Timing (Refer to Timing Diagrams)

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

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 N
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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 modemintegrated circuits. K-Series products
are designed to be used in conjunction with a control
processor, a UART or RS-232 serial data interface,
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 ar-
rangements are shown: one for a split +5 or £12
volt design and one for a single 5V design. These
diagrams are for reference only and do not represent
production-ready modem designs.

T l c13
39 pF 18 pF

i 5V
11.0592
MHZ
NG
] 0 2

RS: XTe XTLt CLK XTL1 XTL2 vDD
LEVEL
CONVERTERS Ly Ly ISET
80C51
ca > leo  poor — aND
cTs
cs =<<H oS P11
cc =<H o P12 RO RD VREF
co DT’ {ps I wh
. AE ALE sSI RXA
CF PLS P31 T3 K-fgsl'is
— P18 P2 — POWER
P30 P1.7 RESET FAMILY
BA | >0
AXD
B8 | <H
oa EXcL
oo DT vt
o8 g TXCL
— RESET A
s, Us
MC14s408 -
ciz
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 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/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 willmonitor 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 for modem
control.

T
MIDCOM
671-8005

I

1

Ccs
047 of
250V

vz
4N35

| ]

VA1
MOV
V250120

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
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 5V supply. Because
DTMF tones utilize a higher amplitude than data, these

Ct
390 pF

R4
374K 1%

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 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
atthe same time by U1B, the junction of the transformer
and resistor remains relatively constant and the re-
ceive 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.

el

1
IN4oo4 v250L20

VOLTAGE
REFERENCE

A

2N2222A

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 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 control is needed. The modem shouldbe treated
as a high impedance analog device. A 22 mF electro-
lytic capacitor in paraliel with a 0.1 mF ceramic capaci-
tor 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 mini-
mized 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 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 fre-
quency 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
highto very low signal levels. The width of the “bow!” 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 PlN DES'GNAT'ONS CAUTION: Use handiing procedures necessary
(Top View) for a static sensitive component.
o 0 2 ] GnD
X1t [} e 27 [] RxA
xTz { s =[] VRer
RxA ADo [} 4 = 1] RESET
VREF A1 [ s 2] IsET
RESET AD2 [l 6 z [] RXCLK 4 3 2 1 28 27 2
ISET aD3 [ 7 2 ] RxD
RXCLK AD4 | 8 21 [ Txp
o Abs {f « = [l cs PLCC PINOUTS
ADs [ 1o 19 1] ExcLK ARE THE SAME AS
EXCLK AD7 | n 18 [] TXCLK THE 28-PIN DIP
TXCLK ALE [] 12 17 [ INT ]
INT WA | 16 [] TXA
TXA AD ] 14 15 {] VDD
12 13 14 15 16 17 18
400-Mil 600-Mil 28-Pin
22-Pin DIP 28-Pin DIP PLCC
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PKG. MARK
SSI 73K302L with Parallel Bus Interface
28-Pin Dip 73K302L-IP 73K302L-IP
28-Lead PLCC 73K302L-1H 73K302L-1H
SSI 73K302L with Serial Interface
22-pin Dip 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 shoutd 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. 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 92680-7022, (714) 573-6000, FAX: (714) 5673-6914

Protected by the following Patents (4,691,172) (4,777,453)
0194 - rev. 3-175 ©1989 Silicon Systems, inc.
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DESCRIPTION

The SSI 73K321L is a highly integrated single-chip
modem IC which provides the functions needed to
construct a CCITT V.23 and V.21 compatible modem,
capable of 0-300 bit/s full-duplex or 0-1200 bit/s half-
duplex operation over dial-up telephone lines. The
73K321L provides 1200 bit/s operation in V.23 mode
and 300 bit/s in V.21 mode. The SSI 73K321L also can
both detect and generate the 2100 Hz answer tone
needed for call initiation. The SSI 73K321L 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 SS! 73K321L oper-
ates from a single +5V supply with very low power
consumption.

The SSI 73K321L includes the FSK modulator/de-
modulator functions, call progress and handshake
tone monitortest modes, and a tone generator capable
of producing DTMF, answer, calling tones. The
SSI 73K321L is designed to appear to 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/databus or via an optional
serial control bus. An ALE control line simplifies ad-
dress demultiplexing. Data communications occurs

January 1994

FEATURES

¢ One-chip CCITT V.23 and V.21 standard
compatibie modem data pump

* Full-duplex operation at 0-300 bit/s (V.21) or
0-1200 bit/s (V.23) forward channel with or
without 0-75 bits/s back channel

* Full Duplex 0-1200 bit/s (V.23) in 4-wire mode

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

* Interfaces directly with standard micropro-
cessors (8048, 80C51 typical)

* Serial or parallel microprocessor bus for
control

* Serial port for data transfer

e (Call progress, carrier, precise answer tone
(2100 Hz), calling tone (1300 Hz) and FSK mark
detectors

* DTMF generator

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

* Precise automatic gain control allows 45 dB
dynamic range

* Space efficient 28-pin PLCC package available

¢ CMOS technology for low power consumption
using 30 mW @ 5V froma single power supply

through a separate serial port only. (Continued)
DATA DTMF -
ADO-AD7 BUS @ 88T TONE. GND
BUFFER GENERATORS
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CAUTION: Use handling procedures necessary
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
controlsystems. The 73K321L’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. 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 Bell or
CCITT operation with 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 Hzforthe back channel. The modulationrate 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

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 ad-
dressed 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 registeris 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 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 brought low and the next
seven cycles of EXCLK willthen transfer 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 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 fre-
quency selective call progress detector provides ad-
equate discrimination to accurately detect European
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 se-
lected 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 pF capacitor to GND.
ISET 24 19 | Chip currentreference. Sets bias current forop-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. The falling edge of ALE latches the
address on AD0-AD2 and the chip select on CS.

ADO0-AD7 4-11 - /0 Address/data bus. These bidirectional tri-state multi-
plexed lines carry information to and from the internal
registers.

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

allows a read cycle or a write cycle to occur. ADQ-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 pin is the output of the crystal oscillator
frequency only in the SSI 73K321.

INT 17 13 o] Interrupt. This open drain output signal is used to 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 CS are active or low.

RESET 25 20 l Reset. Anactive high signal high onthis 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. Aninternal 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 73K321L that data is
available on AD0-AD7 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 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

/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 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 fromthe
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. Alowonthisinputinformsthe SS173K321Lthatdata
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 WRlow. Datais written on the rising edge
of WR.

Note:

In the 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 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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DTE USER INTERFACE
NAME 28-PIN | 22-PIN | TYPE | DESCRIPTION
EXCLK 19 15 I 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 (e} Received Digitat Data Output. Serial receive data is avail-

able 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 14 0 Transmit Clock. TXCLK is always active. InV.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 for transmiss