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In this data book the following conven
tions are used in designating a data sheet ' Section 
"Advanced" or "Preliminary." 

Advance Information-
Indicates a product still in the design cycle, 
and any specifications are based on design 
goals only. Do not use for final design. 

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 
amsulted for current information. 
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Silicon Systems' Communication Products Capabilities 

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

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

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

CMOS 

Integrated Circuit Function Application 

DTMF Receiver Decodes Touch-Tone® 
Telephone Signals 

One-chip Modems Data Transmission 

Error Control and Compression Data Transmission 

Remote Transmitter Telephone Ans. Machine 

ModemAFE V.32 Data Transmission 

Analog Crosspoint Switch PBX's 

Video Processor Infrared Video System 

16 Channel Switchina Matrix Bank Comm. Systems 

Digital Loop Detector Traffic Signal Control 

1:6 Convertor Plus High Speed Data 
DSP and Control AFE Transmission 

DSP Based Filter Proarammable Filters 

Satellite Descrambler CATV Receiver 

ModemAFE 19.2 Kbills Data 
Transmission 

DSP-based Telemetrv Watt Hour Meter 

v 

BIPOLAR 

Integrated Circuit Function Application 

Audia System Receiver Telephone Answering 
Machine 

VHF/UHF Gain Mixer Radio Receiver 

Digital Receiver Remote Control 

PCM Encoder/Decoder Telecom System 

Digital Carrelator/lntegrator Radio Telescope 

OS-I Line Interface Tl Channel Banks 
Multiplexers 

LAN Transceiver IEEE 802.3 Ethernet LAN 

ModemAFE 1200 bills Data 
Transmissian 

DS-3 Line Interface T3Sanet 

PROCESSES 

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

There are also three CMOS processes in production 
forcosttperformance optimization. Keyfeatures include 
poly-poly capacitors, poly resistors, operating voltages 
from 5 to 12 voH, double poly and double metal. 

PRODUCT QUALITY 

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

CUSTOMER SERVICE 

Silicon Systems provides individualized service for 
every customer. Our Customer Service Department is 
dedicated to responsive service and is staffed with 
personnel trained to consider our customers' needs as 
their most urgent requirement. Product quality and 
service are both viewed as cornerstones for Silicon 
Systems' continued growth. 
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K-SERIES SINGLE CHIP MODEM FAMILY 

SSI73K212 ~ 300,1200 bitls, Bell 212A1103 compatible 12 28,22 DIP, 28 PLCC 

SS173K212L ~ Low power 73K212, 40 mW, +5V single supply 5 28, 22 DIP, 28 PLCC 

SS173K212U ~ 73K212 with integral 16C450 UART 5 40 DIP 

SSI73K221 ~ 600, 1200 bitls, CCITT V.22N.21 compatible 12 28, 22 DIP, 28 PLCC 

SSI73K221L ~ Low power 73K221, 40 mW, +5V single supply 5 28, 22 DIP, 28 PLCC 

SSI73K221U ~ 73K221 with integral 16C450 UART 5 40 DIP 

SS173K222 ~ ~ 300, 600, 1200 bitls 12 28, 22 DIP, 28 PLCC 
Bell 2121103, CCITT V.22IV.21 

SSI73K222L ~ ~ Low power 73K222, 40 mW, +5V single supply 5 28, 22 DIP, 28 PLCC 

SS173K222U ~ ~ 73K222 with integral 16C450 UART 5 40 DIP 

SSI73K224 ~ ~ ~ 300,1200,2400 bitls, V.22bis, V.22, V.21 12 28,44 PLCC 
Bell 2121103 compatible 

SSI73K224L ~ ~ ~ Low power 73K224, 1 00mW,+5V single supply 5 28,44 PLCC 

SSI73K302L ~ 0-1200 bitls 

SSI73K321L 0-1200 bit/s, V.23, V.21 modes 5 28, 22 DIP, 28 PLCC 

SSI73K322L ~ 73K221 wI V.23 mode (European applications) 5 28,22 DIP, 28 PLCC 

SSI73K324L ~ ~ 300,1200,2400 bitls, V.22bis, V.22, V.21 
wI V.23 mode (European applications) 

MODEM PROTOCOL & BUS INTERFACE PRODUCTS 

SSI73D2180 ~ ~ 1200 bitls low power "AT" modem device set 5 40 DIP, 44 PLCC 
for integral applications 

SS173D2240 ~ ~ ~ 2400 bitls low power "AT" modem device set 5 28,40 DIP, 
32,44PLCC 

SSI73D2404 ~ ~ ~ 2400 bitls "AT" modem device set ±5 28,40 DIP, 
28,44 PLCC 

SS173M450 16C450 pin compatible UART 5 40 DIP, 44 PLCC 

SSI73M450F Fast version of SSI 73M450 UART 5 40 DIP, 44 PLCC 

SS173M1450 28-pin version of SSI 73M450 5 28 DIP, 28 PLCC 

SS173M2450 Adds ILPRSTfunction to SS173M1450 5 28 DIP, 28 PLCC 

SSI73M550 16C550 pin compatible UART 5 40 DIP, 44 PLCC 

SSI73M550F Fast version of SSI 73M550 UART 5 40 DIP, 44 PLCC 

SS173M1550 28-pin version of SSI 73M550 5 28 DIP, 28 PLCC 

SSI73M2550 Adds ILPRSTfunction to SS173M1550 5 28 DIP, 28 PLCC 

VI 



Communication IC Selector Guide 

.. Feature$ Available 
Packages· 

SPECIAL MODEM PRODUCTS 

SSI73M214 2400 bitls Modem Filter V.22bisN.22N.21, Bell 212/103 modes ±5V 28 DIP, 28 PLCC 

SSI73M223 1200 bitls Modem Compact HDX V.23 modem 5V 16 DIP 
SSI73M3522 1200 biVs Modem Filter High performance filter for V.221212A modes ±5V 16 DIP 

TONE SIGNALLING PRODUCTS 

SSI75T201 Integrated DTMF Receiver Binary of 2-of-8 output 12V 22 DIP 
SSI75T202 Int. DTMF Receiver Low power, binary output 5V 18DIP 
SSI75T203 Int. DTMF Receiver Early detect, binary output 5V 18 DIP 
SSI75T204 Int. DTMF Receiver Low power, binary output 5V 14 DIP, 16 SO 
SSI75T2089 Int. DTMF Transceiver Generator & receiver, JlP interface 5V 22 DIP 

SSI75T2090 Int. DTMF Transceiver Like 75T2089 wI call progress detect 5V 22 DIP 
SSI75T2091 Int. DTMF Transceiver Like 75T2090 wI early detect 5V 28 DIP, 28 PLCC 
SSI75T957 Int. DTMF Receiver Early detect, dial tone reject 5V 22 DIP, 24 SO 
SSI75T980 Imprecise Call Progress Det. Energy detect in 305-640 Hz band, Teltone 5V 8 DIP 
SSI75T981 Precise Call Progress Det. Dat. 350, 400, 440, 480 Hz, Te~one 2nd source 5V 22 DIP 
SSI75T982 Precise Call Progress Det. Det. 350, 440, 480, 620 Hz, Te~one 2nd source 5V 22 DIP 

TELEPHONY I DIGITAL TELECOM 

SS178P233 DS-1 Line Interface T1 clock data recovery, transmit equalization 5V 24 DIP, SDIP, SO 
.SSI78P234 2048 kbiVs PCM Interface Receive clock & data recovery, transmit drivers 5V 20 DIP, SO 
SS178A093A1B 12x8x1 Crosspoint Switch Low ON resistance, two versions 5-12V 40 DIP, 44 PLCC 
SS178A207 Integrated MF Receiver Detects central office toll signals 5V 20 DIP 

SSI78A400 4-Wire Loopback 2713 Hz detector, failsafe timeouts ±5V 16 DIP, 18S0 

SS178A420 4-Wire Loopback As above wI gain/loss block ±5V 22 DIP 
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Introduction 

Silicon Systems K-Series Family of One-Chip Modems 

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

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

1. The SS173K222, a multi-mode device which com
bines both Bell 212A11 03 and V.22N.21 capability 
in one chip, with operating modes at 0 -30, 600 and 
1200 bit/so 

2. The SSI73K222U which combines the functional
ity of the 73K222 with the industry standard 
16C450 UART. 

3. The SSI 73K224, a major technological break
through which provides 2400 bit/s V.22bis opera
tion in addition to V.221V.21 and Bell 212A1103 
modes in a single IC. 

4. The SSI 73K322 provides CCITT V.221V.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 SSI73K324 offers V.22bis, V.221V.21 and V.23 
operating modes on one Chip. These products dra
matically reduce external circuitry required for dedi
cated integral modem designs. 

Silicon Systems' one-Chip modem IC products repre
sent technical achievements unmatChed in the indus
try. An advanced Digital Signal Processor resides on 
the same chip with sophisticated analog circuitry in the 
SSI 73K224 and SSI73K324 products. "U" versions of 
the K-Series devices integrate an industry standard 
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UART with full modem capability on a single Chip. In 
addition, an innovative bus structure makes a separate 
controller unnecessary in dedicated integral designs. 
All K-Series devices are available in low-power ver
sions. This feature allows optimal performance with 
single +5V supply operation and is unique to Silicon 
Systems' products. 

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

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

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



DESCRIPTION 

The SSI 73K212 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 
on a single substrate, the SSI 73K212 offers excellent 
performance and a high level of functional integration 
in a single 28- or 22-pin DIP configuration. The 
SSI73K212L low power version of the SSI 73K212 
provides identical performance and features, but oper
ates from a single +5 volt supply with substantially 
lower power consumption. 

The SSI 73K212 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 digitalloopback are provided. Internal pattern 
generators are also included for self-testing. The 
SSI73K212 is designed to appear to the systems 
designer as a microprocessor peripheral, and will eas
ily interface with popular one-chip microprocessors 
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BLOCK DIAGRAM 

~D~========~~~ AXD D-

0790- rev. 1-1 

551 73K212/K212L 
Bell 212A/1 03 

Single-Chip Modem 

July, 1990 

FEATURES 

One-chlp Bell 212A and 103 standard compatible 
modem data pump 
Full-duplex operation at 0-300 bills (FSK) or 
1200 bills (DPSK) 
Pin and software compatible with other 
SSI K-Serles1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial (22-pln DIP) or parallel (28-pln DIP) 
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 
Space efficient 22- or 2B-pin DIP packages 

• CMOS technology for low power consumption 
using 30 mW @5Vor 180 mW@ 12V 

• Single +5 voit (73K212L) or +12 voit (73K212) 
versions 

PIN DIAGRAM 
ClK 1 .. GND 

XTll 21 RXA 
XTL2' 3 ,. VREF 

TXA ADD II RESEr 
AD1 •• ISET 

RXA AD2 • .. RXCLK 
AD3 It RXD 
AD4 8 t1 TXD 
ADS .. Cs' 
AD6 ,. 11 EXClK 
AU1 11 I. TXClK 
ALE I. 17 iii' 
WR 13 I. TXA 
RD " ,. VDD 

CAUTION: Use handling procedures necessary 
for aSiatic sensilive component. 



SSI 73K2121K212L 
Bell 212A11 03 
Single-Chip Modem 

DESCRIPTION (Continued) 

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

The SSI 73K212 is ideal for use in either free standing 
or integral system modem products where full-duplex 
1200 bps data communications over the 2-wire 
switched telephone network is desired. Its high func
tionality, low power consumption and efficient packag
ing simplify design requirements and increase system 
reliability. A complete modem requires only the addi
tion of the phone line interface, a control microproces
sor, and RS-232 level convertor for a typical system. 
The SSI73K212 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 cCln operation with only a 
single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash
ion. The 551 73K212 includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data within a 0.01% rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 bit/s + 1.0%, 
- 2.5%. The rate converterwillthen insert or delete stop 
bits inorderto output a signal which is 1200 bitls± .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 
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). 

1-2 

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/so An incoming 
break signal (lOW through two characters) will be 
passed through without incorrectly inserting a stop bit. 

SYNCHRONOUS MODE 

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

TXCLK is an internally derived 1200 Hz signal in 
internal mode and is connected internally to the 
RXCLK pin in slave mode. Receive data atthe RXD pin 
is clocked out on the falling edge of RXCLK. The 
ASYNCHISYNCH 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 SSI73K212 modulates a serial bit stream into dibit 
pairs that are represented by four possible phase shifts 
as prescribed by the Bell 212A standard. The base
band signal is then filtered to reduce intersymbol inter
ference on the bandlimited 2-wire telephone line. 
Transmission occurs using either a 1200 Hz (originate 
mode) or 2400 Hz carrier (answer mode). Demodula
tion is the reverse of the modulation process, with the 
incoming analog signal eventually decoded into di-bits 
and converted back to 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 SSI73K212 uses a 
phase locked loop coherent demodulation technique 
for optimum receiver performance. 

FSK MODULATOR/DEMODULATOR 

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

PASSBAND FILTERS AND EQUALIZERS 

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

AGC 

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

PARALLEL BUS INTERFACE 

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

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the 
-SSI 73K212 contrOl and status registers via a serial 
command port (22-pin version only). In this mode the 
AD , A 1 and A2lines provide register addresses for data 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the 
RD line is taken low. The next eight cycles of EXCLK 
will then transfer out eight bits of the selected address 
location LSB first. A write takes place by shifting in 
eight bits of data LSB first for eight consecutive cycles 
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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, call-progress tones, answer tone and weak re
ceived signal, (long loop condition). An unscrambled 
mark request signal is also detected when the received 
data out of the DPSK demodulator before the descram
blerhasbeenhighfor165.5ms±6.5 ms minimum. The 
appropriate detect register bit is set when one of these 
conditions changes and an interrupt is generated for all 
purposes except long loop. The interrupts are disabled 
(masked) when the enable interrupt bit is set to O. 

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 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - 1/0 

~ 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

DESCRIPTION 

System Ground. 

Power supply input, 12V + 10%, -20% (73K212) or 5V ±1 0% 
(73K212l). Bypass with .1 and 22 JlF capacitors to ground. 

An internally generated reference voltage. Bypass with 
.1 JlF capacitor to GND. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 Mn resistor. ISET should be bypassed to GND with a 
.1 JlF capacitor. 

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

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

Chip select. A low 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. 

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 DPSK modes only. The pin defaults to the crystal 
frequency on reset. 

Interrupt. This open drain 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 low until the 
processor reads the detect register or does a full reset. 

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

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

RESET 25 20 I Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 

WR 13 - I Write. A low on this informs the SSI 73K212 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 low. 

SERIAL MICROPROCESSOR INTERFACE 

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

DATA - 8 1/0 Serial Control Data. Data for a readlwrite operation is 
clocked in or out on the falling edge of the EXClK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI73K212 that data 
or status information is being read by the processor. The 
falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXClK in order to read all eight bits of the 
referenced register. Read data is provided lSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K212 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AD, A 1, A2, DATA, and an unconnected 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 AD, A1 and A2, respectively. 
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DTE USER INTERFACE 

NAME 28-PIN 22·PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

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

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. 

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

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

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 bitls or 300 baud) no clocking is necessary. 
DPSK data must be 1200 bitls +1%, -2.5%. 

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

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator 
requiring a 11.0592 MHz parallel mode crystal and two load 
capacitors to Ground. ConsuH 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 AD, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. In parallel mode the 
address lines are latched by ALE. Register CRO 
controls the method by which data is transferred over 

REGISTER BIT SUMMARY 

CRO 

CONTROL ENABLE 
REGISTER CRI 001 DETECT 

I INTERRUPT 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as D's. 
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the phone line. CR1 controls the interface between the 
microprocessor and the SSI73K212 internal state. DR 
is a detect register which provides an indication of 
monitored modem status conditions. TR, the tone 
control register, controls the DTMF generator, answer 
and guard tones and RXD output gate used in the 
modem initial connect sequence. All registers are 
read/write except for DR which is read only. Register 
control and status bits are identified below: 

BYPASS CLK TEST TEST 
SCRAMBLER CONTROL RESET MODE MODE 

I 0 

UNSCR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMIT 
D11IIF D11IIF3 DlMF2 DlMFl DlMFO 
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REGISTER ADDRESS TABLE 

REGIStER 

I ADDRESS 

D7 D6 DIS 

DATA BIT NUMBER 

D4 

OOOO-PWR DOWN 
000I_INT SYNCH 
0010-EXT SYNCH 
0011-5LAVE SYNCH 
0100-ASYNCH 8 BIT~HAR 
01 01-ASYNCH 9 BIT~HAR 
0110_ASYNCH 1 0 BIT~HAR 
0111-ASYNCH 11 BIT~HAR 
ll00.,fSK 

D3 

o-XTAL 
1_16 X DATA 
RAtE OUTPUT 
ATCLKPIN IN 
DPSKMODE 
ONLY 

D2 Dl 

o-DISABLE 
T)(AOUTPllT 

I.ENABLE 
TXAOUTPllT 

OllTPUTS 
RECEIVED 
DATA STREAM 

o-CONDITION NOT DETECTED 
I_CONDITION DETECTED 

1-8 
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CONTROL REGISTER 0 

CRO 
000 

BIT NO. 

DO 

D1 

D5, D4,D3, 
D2 

NAME 

Answer/ 
Originate 

Transmit 

Enable 

Transmit 
Mode 

SSI 73K2121K212L 
Bell 212A/1 03 

Single-Chip Modem 

D5 D4 D3 D2 D1 DO 

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

CONDITION 

o 

o 

o 0 0 0 

000 

o 0 1 0 

001 

o o 0 

o o 

o o 

o 

DESCRIPTION 

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

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

Disables transmit output at TXA. 

Note: Answer tone and DTM F TX control require TX 
enable. 

Selects power down mode. All functions 
disabled interface. 

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. 

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

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

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

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

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

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

07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INTER. 

SIT NO. NAME CONDITION 

01 DO 

01,00 Test Mode 0 0 

0 1 

1 0 

1 1 

02 Reset 0 

1 . 

03 ClK Control 0 
(Clock Control) 

1 

04 Bypass 0 
Scrambler 

1 

05 Enable Detect 0 
Interrupt 1 

04 03 02 01 DO 

BYPASS ClK RESET TEST TEST 
SCRAMB CONTROL MODE MODE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

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 RXO is 
forced to a mark. Data on TXO is ignored. 

Selects local digital loopback. Internally loops TXO 
back to RXO and continues to transmit data carrier at 
theTXA pin. 

Selects normal operation. 

Resets modem to power down state. All control reg-
ister bits (CRO, CR1, Tone) are reset to zero. The 
output of the ClK pin will be set to the crystal frequency 
on reset. 

Selects 11.0592 MHz crystal echo output at ClK pin. 

Selects 16 X the data rate, output at ClK pin in OPSK 
modes only. 

Selects normal operation. OPSK transmit data is 
passed through scrambler. 

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

Disables interrupt at INT pin. 

Enables INT output. An interrupts will be generated 
with a change in status of DR bits 01-04. The answer 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX OTMF is activated. All interrupts will be 
disabled if the device is in power down mode. 
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CONTROL REGISTER 1 (Continued) 

i i i i 
D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D7 D6 

D7,D6 Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

DETECT REGISTER 

BIT NO. NAME CONDITION 

DO lONG lOOP 0 

D1 CAll 0 
PROGRESS 

DETECT 

D2 ANSWER 0 
TONE 

1 DETECT 

D3 CARRIER 0 
DETECT 

D4 UNSCRAM-
BLED 
MARK 

)790 - rev. 
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i i i i 
D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

DESCRIPTION . 

Indicates normal received signal. 

No call progress tone detected. 

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

No answer tone detected. 

Indicates detection of 2225 Hz answer tone. The 
device must be in originate mode for detection of 
answer tone. 

No carrier detected in the receive channel. 

Indicated carrier has been detected in the received 
channel. 

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) 

05 04 

RECEIVE UNSCR. 

SIT NO. 

05 

06,07 

NAME 

RECEIVE 
DATA 

TONE REGISTER 

DATA MARK 

CONDITION 

03 02 

CARR. ANSWER 
DETECT TONE 

DESCRIPTION 

01 

CALL 
PROG. 

DO 

LONG 
LOOP 

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

Not used. 

07 05 04 03 02 01 DO 

TR 
011 

SIT NO. 

03,02, 
01,00 

RXO 
OUTPUT 
CONTA. 

NAME 

OTMF 

TRANSMIT TRANSMIT 
ANSWER OTMF OTMF 3 OTMF2 OTMF 1 OTMFO 

TONE 

CONDITION 

03 02 01 DO 

o 0 0 0-
1 1 1 1 

DESCRIPTION 

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

KEYBOARD OTMF CODE TONES 
EQUIVALENT 03 02 01 DO LOW HIGH 

o 000 0 941 1633 
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TONE REGISTER (Continued) 

TR 
011 

BIT NO. 

D4 

D5 

D7 

D7 D5 D4 D3 D2 D1 DO 

RXD 
OUTPUT 
CONTR. 

TRANSMIT TRANSMIT DTMF 3 DTMF 2 DTMF 1 DTMF 0 
ANSWER DTMF 

TONE 

NAME CONDITION DESCRIPTION 

TRANSMIT 0 Disable DTMF. 
DTMF ~----------+--A-C-ti-va-t-es--D-TM--F-.T-h-e-s-e-Ie-m-e-d-D-T-M-F-t-on-e-s-a-re-----1 

transmitted continuously when this bit is high (with 
Transmit Enable, CRO-D1). TX DTMF overrides all 
other transmit functions. 

TRANSMIT 0 Disables tone generator. 
ANSWER r----------1--------------~~----------------~ 

TONE Enables answer tone generator. A 2225 Hz 
answer tone will be transmitted continuously when the 
Transmit Enable bit is set in CRO. The device must be 
in answer mode. 

RXDOUTPUT 0 
CONTROL 

Enables RXD pin. Receive data will be output on 
RXD. 

Disables RXD pin. The RXD pin reverts to a high 
impedance with internal, weak pull-up resistor. 

IDREGISTER 

ID 
110 

BIT NO. 

D7,D6 

D7 

ID 

D6 

ID 

NAME 

Device 

Identification 

Signature 

D5 

ID 

CONDITION DESCRIPTION 

D7 D6 D5 Indicates Device: 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied VoHage 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply Voltage 4.5 5 5.5 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 JlF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MO 
and ISET pins) 

ISET Bypass capacitor (ISET pin to GND) 0.1 JlF 

VDD Bypass capacitor 1 (External to GND) 0.1 JlF 

VDD Bypass capacitor 2 (External to GND) 22 JlF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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DC ELECTRICAL CHARACTERISTICS 

SSI 73K212/K212L 
Bell 212A/1 03 

Single-Chip Modem 

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

PARAMETER CONDITIONS MIN NOM MAX UNITS 

100, Supply Current ISET Resistor = 2 Mil 

100A, Active ClK = 11.0592 MHz 8 12 mA 

1001, Power-down ClK = 11 .0592 MHz 4 mA 

1002, Power-down ClK = 19.200 KHz 3 mA 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 VOO V 

All other inputs 2.0 VOO V 

Vll, Input Low Voltage 0 0.8 V 

IIH, Input High Current VI =VIH Max 100 ~ 
ilL, Input low Current VI =Vll Min -200 ~ 
Reset Pull-down Current Reset = VOO 1 50 ~ 
Input Capacitance All Oigitallnput Pins 10 pF 

DIgital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 VOO V 

VOL, Output low Voltage 10 MAX=1.6 mA 0.4 V 

VOL, ClK Output 10=3.6 mA 0.6 V 

RXO Tri-State Pull-up Curro RXO=GNO -1 -50 ~ 
CMAX, ClK Output Maximum Capacitive Load 15 pF 

1-15 



SSI 73K212/K212L 
Bell 212A11 03 
Single-Chip Modem 

ELECTRICAL SPECIFICATION (Continued) 

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

PARAMETERS CONDITIONS 
., 

MIN 

PSK Modulator 

Carrier Suppression Measured at TXA 55 

Output Amplitude TX scrambled marks -11 

FSK Mod/Dernod 

Output Freq. Error ClK = 11.0592 MHz -0.35 

Transmit level Transmit Dolling Pattern -11 

Harmonic Distortion THO in the alternate band 
in 700-2900 Hz band DPSK or FSK 

Output Bias Distortion Transmit Dolling Pattern 
InAlB@RXD 

Total Output Jitter Random Input in ALB @ RXD -15 

DTMF Generator 

Freq. Accuracy -.25 

Output Amplitude low-Band, DPSK Mode -10 

Output Amplitude High-Band, DPSK Mode -8 

Twist High-Band to low-Band, 1.0 
DPSK mode 

Long Loop Detect DPSKor FSK -38 

Dynamic Range Refer to Performance Curves 

Call Progress Detector 

Detect level 2-Tones in 350-600 Hz band -34 

Reject level 2-Tones in 350-600 Hz band 

Delay Time -70 dBmO to -30 dBmO STEP 27 

Hold Time -30 dBmO to -70 dBmO STEP 27 

Hysteresis 2 

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

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line. 

5VVersion 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+.35 

-10.0 -9 

-60 -50 

±8 

+15 

+.25 

-9 -8 

-7 -6 

2.0 3.0 

-28 

45 

0 

-41 

80 

80 

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

dB 

dBmO 

% 

dBmO 

dB 

% 

% 

% 

dBmO 

dBmO 

dB 

dBmO 

dB 

dBmO 

dBmO 

ms 

ms 

dB 
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ELECTRICAL SPECIFICATION (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level In FSK mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

TXA pin Output Impedance 

Output load TXA pin; FSK Single 
Tone out for THO = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 KHz 

Frequency = 153.6 KHz 

Clock Noise TXA pin; 76.8 KHz 

5V Version (73K212L) 

12V Version (73K212) 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 
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MIN 

-49 

15 

2 

10 

-49 

20 

10 

-2.5 

10 

-10 
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NOM MAX UNITS 

-42 dBmO 

45 ms 

3 dB 

24 ms 

-42 dBmO 

45 ms 

30 ms 

+2.5 % 

200 300 n 

Kn 

50 pF 

-39 dBmO 

-45 dBmO 

1.0 mVrms 

2.0 mVrms 

+10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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ELECTRICAL SPECIFICATION (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE low 

TLA CS/Addr. hold after ALE low 

TLC ALE low to RD/WR low 

TCL RD/WR Control to ALE high 

TRD Data out from RD low 

TLL ALE width 

TRDF Data float after RD high 

TRW RDwidth 

TWW WRwidth 

TOW Data setup before WR high 

TWO Data hold after WR high 

TCKD Data out after EXCLK low 

TCKW WR after EXCLK low 

TDCK Data setup before EXCLK low 

TAC Address setup before control" 

TCA Address hold after control*· 

TWH Data Hold after EXCLK 

* 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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MIN NOM MAX UNITS 

30 ns 

20 ns 

40 ns 

10 ns 

0 160 ns 

60 ns 

0 80 ns 

200 25000 ns 

140 25000* ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 ns 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ r TLC 1 TRW 1 TCl 

1m" -+ + TLC .1 TWW J 
WR" -+ 

TLA TRD TRDF ~D 
L TAL .; J ~ ~ TOW I-

ADO-AD7 ----K ADDRESS >I------K READ DATA >I------K ADDRESS >I------K WRITE DATA)/--

~ -='}- -~- -~- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

M-~-----r--------------------------------------~ 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OAA 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 
OAA arrangements 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. 

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

C. 
HOpF 

R5 
37AK 

"Note: Values shown are for 5V law power 
K-8eri •• products. For 12V versions 
these values change to: 

el.150 pF 

C2. 750 pF 

R5.86.6K 

R7_14.3K 

VA. 
MOV 

V2S0L20 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 

1-20 0790 - rev. 



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 
DTM F tones utilize a higher amplitude than data, these 

co 
O.1pF 

~ 

va.TAOE 
REFERENCE 

C4 
O.Q0471&f 

C • 
• 90pF 

"' 37AK1'Y. 

... 
22." 

HOC>< >---------

A. 

SSI 73K212/K212L 
Bell 212A/1 03 

Single-Chip Modem 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1B) before sending it to the other leg of the trans
former. Each op-amp then supplies half the drive 
signal to the transformer. The receive amplifier (U1 C) 
picks off its signal at the junction of the impedance 
matching resistor and the transformer. Because the 
bottom leg of the transformer is being driven in one 
direction by U1 A and the resistor is driven in the 
opposite direction at the same time by U 1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

. Note: Op-amp U1 
must be rated for 

201<.% single 5V operation. 

R2 
201<'% 

R3 
4751% 

T. 
MIDCOM 
671-8005 

R10& R11 values 
depend on Op-amp 
used. 

T 
.sv 

YR • .r 0N:1V 
V25Ol2O 

~ ~--------------------------------~ 
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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 
design practices will generally result in a sound design. 
Following are additional recommendations which 
should be taken into consideration when starting new 
designs. 

CRYSTAL OSCILLATOR 

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

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree 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 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 j.1F elec
trolytiC capacitor in parallel with a 0.1 j.1F ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-Series modem IC's should have both 
high frequency and low frequency bypassing as close 
to the package as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

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

BERvs.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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

GND 1 22 RXA 

CLK 2 21 VREF 

XTL1 • .. RESET 

XTL2 • 11 ISET 

AO • 11 RXCLK 

Al • 11 RXD 

A2 7 11 TXD 

DATA • .. EXCLK 

WR" • " TXCLK 

1m" ,. 13 lflT 

VDD 11 ,. TXA 

400-MII 
22-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

551 73K212 with Parallel Bus Interface 

28-pin 12 volt supply 

Plastic Dual-In-Line 

CLK 

XTLI 

Xll2 

ADO 

ADI 

ADO 

ADO 

AD< 

ADS 

All6 

AD7 

ALE 

WI!" 

lID" 

Plastic Leaded Chip Carrier 

28-pin 5 Volt supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

551 73K212 with 5eriallnterface 

22-pin 12 volt supply 

Plastic Dual-In-Line 

22-pin 5 volt supply 

·Plastic Dual-In-Line 

Ceramic Dual-In-Line 

.. GND 
'L1 RXA ,. 

VREF .. RESET .. ISET .. RXCLK 

22 RXD 

21 TXD .. ~ ,. II EXCLK 

11 11 TXCLK ,. 17 lflT 
13 IS TXA ,. ,. VDD 

6DO-MII 
28-Pln DIP 

ORDER NO. 

551 73K212 ~ IP 

551 73K212 - IH 

551 73K2121,. -IP 

551 73K212L - IH 

551 73K2125 - IP 

551 73K2125L - IP 

551 73K2125L - IC 

4321282728 

25 

24 

PLCC PINduTS 23 

8 ARE THE SAME AS 22 

10 

11 

THE 28-PIN DIP 21 

12 13 14 15 16 17 18 

28-Lead 
PLCC 

PKG.MARK 

73K212-IP 

73K212-IH 

73K212 -IP 

73K212L-IH 

73K2125-IP 

73K2125 -IP 

73K2125L -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. 
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DESCRIPTION 

The SSI 73K221 is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.22 and V.21 compatible modem, 
capable of 1200 or 0-300 bitls full-duplex operation 
over dial-up lines. The SSI73K221 is an enhancement 
of the SSI 73K212 single-chip modem with perform
ance characteristics suitable for European and Asian 
telephone systems. The SSI 73K221 produces either 
550 or 1800 Hz guard tone, recognizes and generates 
a 2100 Hz answer tone, and allows V.21 for 300 Hz 
FSK operation. The SSI 73K221 integrates analog, 
digital, and switched-capacitor array functions on a 
single substrate, offering excellent performance and a 
high level of functional integration in a single 28- or 
22-pin DIP configuration. The SSI73K221 L,lowpower 
version of the SSI 73K221 provides identical perform
ance and features, but operates from a single +5 volt 
supply with substantially lower power consumption. 

The SSI73K221 includes the DPSK and FSK modula
tor/demodulator functions, call progress and hand
shake tone monitor test modes, and a tone generator 
capable of producing DTMF, answer and 550 or 
1800 Hz guard tone. This device supports 
V.22 (except mode v) and V. 21 modes of operation, 

(Continued) 

BLOCK DIAGRAM 

ADO-AD7 
\-----."1 

M" 0-----1 

~D o-----------~ 
RXD c-------------L __ ....l 
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FEATURES 

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

July, 1990 

Full-duplex Operation at 0-300 bltls (FSK) or 600 
and 1200 bltls (DPSK) 
Pin and software compatible with other 
SSI K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(S04S, SOC51 typical) 
Serial (22-pln DIP) or parallel (2S-pin DIP) 
microprocessor bus for control 
Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
call progress, carrier, precise answer tone 
(2100 Hz), and long loop detectors 
DTMF, and 550 or 1S00 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-pln DIP packages 

• CMOS technology for low power consumption 
using 30 mW @ 5Vor 1S0 mW@ 12V 

• Single +5 volt (73K221 L) or +12 volt (73K221) 
versions 

PIN DIAGRAM 

elK 

xn1 

XlU 

TXA ADO 

AD1 
RXA AD2 

AD3 

SMART 
DIAl.NO 

AD4 

ADS • 
~ ~--------~ AIl6 ,. 
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Am " 
ALE " 
WR ,. 
RD ,. 

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

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

The SSI73K221 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 SSI73K221 is part of SSi's K-Series family of pin 
and function compatible single-chip modem products. 
These devices allow systems to be configured for 
higher speeds and Bell or CCITT operation with only a 
single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous 
fashiof!, The SSI73K221 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 bitls +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 bitls ± .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 
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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 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/so 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 
range of either +1% or +2.3%. In the extended 
overspeed mode, stop bits are output at 7/8 the normal 
width. 

SYNCHRONOUS MODE 
The CCITT V .22 standard defines synchronous opera
tion at 600 and 1200 bit/so The Bell 212A standard 
defines synchronous operation only at 1200 bit/so 
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 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 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 SSI73K221 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 fiHered to reduce intersymbol interfer
ence on the bandlimited 2-wire telephone line. Trans
mission occurs on either a 1200 Hz (originate mode) or 
2400 Hz carrier (answer mode). Demodulation is the 
reverse of the modulation process, with the incoming 
analog signal eventually decoded into di-bits and con
verted back to a serial bit stream. The demodulator 
also recovers the clock which was encoded into the 
analog signal during modulation. Demodulation 
occurs using either a 1200 Hz carrier (answer mode or 
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ALB originate mode) or a 2400 Hz carrier (originate 
mode or ALB answer mode). The SSI 73K221 uses a 
phase locked loop coherent demodulation technique 
for optimum performance. 

FSK MODULATOR/DEMODULATOR 

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

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali
zation and rejection of out-of-band signals in the re
ceive channel. Amplitude and phase equalization are 
necessary to compensate for distortion of the transmis
sion line and to reduce intersymbol interference in the 
band limited 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 control 
microprocessor as four consecutive memory loca
tions. Two control registers and the tone register are 
readlwrite memory. The detect register is read only 
and cannot be modified except by modem response to 
monitored parameters. 
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SERIAL COMMAND INTERFACE 

The serial command mode allows access to the 
SSI 73K221 control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO, A 1 and A2lines provide register addresses fordata 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the 
RD line is taken low. The first bit is available after RD 
is brought low and the next seven cycles of EXCLK will 
then transfer out 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 detectedwhen the 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) when the enable interrupt bit is setto O. 

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 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - .1 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 12V +10%, -20% (or 5V ±10%). 
Bypass with .1 and 22 IlF capacitors to ground. 

An internally generated reference voltage. Bypass with 
.1 IlF capacitor to GND. 

Chip current reference. Sets bias currentforop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MO resistor. ISET should be bypassed to GND with a 
.1 IlF capacitor. 

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

Address/data bus. These bidirectional tri-state muHi-
pie xed lines carry information to and from the internal 
control registers. 

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. 

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 
DPSK modes only. The pin defauHs to the crystal fre-
quency on reset. 

Interrupt. Thisopen drain 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 low until the 
processor reads the detect register or does a full reset. 

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

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1 , Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down permits power on 
reset using a capacitor to VDD. 
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PIN DESCRIPTION (Continued) 

PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this pin informs the SSI 73K221 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 low. 

SERIAL MICROPROCESSOR INTERFACE 

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

DATA - 8 110 Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

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

WR - 9 I Write. A low on this input informs the SSI73K221 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected 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 AO, A1 and A2, respectively. 
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PIN DESCRIPTION (Continued) 

DTE USER INTERFACE 

NAME 28-PIN 22·PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

. DESCRIPTION 

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. AHemately used for serial control interface. 

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. 

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. 

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 on the rising 
edge of the TXCLK. The transmit clock is derived from 
different sources depending upon the synchronization 
mode selection. In Internal Mode the clock is generated 
internally. In External Mode TXCLK is phase locked to the 
EXCLK pin. In Slave Mode TXCLK is phase locked to the 
RXCLK pin. TXCLK is always active. 

Transmit Data Input. Serial data fortransmission is applied 
to this pin. In synchronous modes, the data must be valid 
on the rising edge of the TXCLK. In asynchronous modes 
(1200/600 bitls or 300 baud) no clocking is necessary. 
DPSK data must be 12001600 biVs +1%, -2.5% or +2.3%, 
-2.5 % in extended overspeed mode. 

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

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
an 11.0592 MHz parallel mode crystal. Load capacitors 
should be connected from XTL 1 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 AD and A 1 
address lines in serial mode, or the ADO and AD1 lines 
in parallel mode. In parallel mode ADO and AD1 lines 
are latched by ALE. Register CRO controls the method 
by which data is transferred overthe phone line. CR1 

REGISTER BIT SUMMARY 

CRO 

CONTROL 
REGISTER CR1 001 

1 

DETECT RECEIVE 
REGISTER oR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

NOTE: When a register containing reserved 
control bits is written into, the reserved bits 
must be programmed as D's. 
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controls the interface between the microprocessor and 
the SSI 73K221 intemal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con
trols the DTM F generator, answer and guard tones and 
RXD output driver used in the modem initial connect 
sequence. All registers are readlwrite except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS CLK TEST TEST 
SCRAMBLER CONTROL RESET MODE MDDE 

1 0 

UNSCR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMT DTMF11 DTMFDI 
DTMF DTMF3 DTMF2 OVERSPEED GUARD! 
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REGISTER ADDRESS TABLE 

REGISTER 
I ADDRESS 

D7 

0-1200 BITIS DPSK 
1_600 BITIS DPSK 

De 

DATA BIT NUMBER 

D4 

OOOO_PWR DOWN 
OOO1-INT SYNCH 
0010-EXT SVNCH 
0011-st.AVE SVNCH 
0100-ASVNCH 8 BITs/cHAR 
01 01-ASVNCH 9 BITs/cHAR 
0110-ASVNCH 10 BITs/cHAR 
0111-ASVNCH 11 BITs/cHAR 
1100-FSK 

D3 

o-XTAl 
1_16 X DATA 
RATEOUlPUT 
ATCLKPIN IN 
DPSKMODE 
ONLY 

D2 D1 110 

o-DISABlE o-ANSWER 
TXAOUTPUT 1.QRlGtiATE 

I-ENABlE 
TXAOUTPUT 

OllTPUTS 
RECEIVED 
DATA STREAM 

o-CONDITION NOT DETECTED 
I-CONDITION DETECTED 
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CONTROL REGISTER 0 

D7 

CRO MODUL. 
000 OPTION 

BIT NO. 

DO 

D1 

D5, D4,D3, 
D2 

NAME 

Answer/ 
Originate 

Transmit 

Enable 

Transmit 
Mode 

CONDITION 

o 

o 0 0 0 

000 

001 0 

o 0 1 

o o 0 

o o 

o o 

o 

SSI73K221/K221L 
CCITT V.22, V.21 

Single-Chip Modem 

D3 D2 D1 DO 

TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MODE 1 MODE 0 ENABLE ORIGINATE 

DESCRIPTION 

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

Enables transmit output at TXA. 
Note: TX Enable must be setto 1 to allow AnswerTone 
and DTMF transmission. 

Selects power down mode. All functions 
disabled interface. 

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 

of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter
nallyto EXCLK pin, and a 1200 Hz ±0.01%clock must 
be supplied externally. 

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

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

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

Selects DPSK asynchronous 
start bit, 8 data bits, 1 

- 10 bits/character 

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

D7 D5 D4 D3 D2 D1 DO 

CRO MODUlo 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. 

D7 

NAME 

Modulation 

Option 

CONDITION 

o X 

CONTROL REGISTER 1 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D1 DO 

D1,DO Test Mode 0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

D3 CLK Control 0 
(Clock Control) 

1 

DESCRIPTION 

Selects: 

DPSK mode at 1200 bit/so 

DPSK mode at 600 bit/so 
X = Don't care 

D4 D3 

BYPASS CLK 

D2 

SCRAMB CONTROL RESET 

DESCRIPTION 

Selects normal operating mode. 

D1 DO 

TEST TEST 
MODE MODE 

1 0 

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

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

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

Selects normal operation. 

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. 

Selects 11.0592 MHz crystal echo output at CLK 
pin. 

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

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D4 Bypass 0 
Scrambler 

1 

DS Enable Detect 0 
Interrupt 1 

D7 D6 

D7,D6 Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

DETECT REGISTER 

D5 

i 

D4 D3 

SSI 73K221/K221 L 
CCITT V.22, V.21 

Single-Chip Modem 

i i i , 
D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal operation. DPSK data is passed 
through scrambler. 

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

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 
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. 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

D4 D3 D2 D1 DO 

DR 
010 

RECEIVE 
DATA 

UNSCR. CARR. ANSWER CAll lONG 
LOOP MARK DETECT TONE PROG. 

BIT NO. NAME CONDITION DESCRIPTION 

DO long loop 

Indicates low received signal level. 

D1 Call Progress I-__ ~ __ !--~~~~~~~~~~ ______ -I 
Detect 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) 

OR 
010 

BIT NO. 

02 

03 

04 

05 

06,07 

NAME 

Answer 
Tone 
Oetect 

Carrier 
Oetect 

Unscrambled 
Mark 

Receive 
Oata 

TONE REGISTER 

07 06 

RXO TRANSMIT 
TR OUTPUT GUARO 
011 CONTR. TONE 

BIT NO. NAME 

00 OTMF 01 
Guard Tone 

01 OTMF 11 

05 

RECEIVE 
OATA 

CONDITION 

05 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

06 04 DO 
X 1 X 

X 0 0 

X 0 1 

04 01 

0 0 

0 1 

04 03 02 01 00 

UNSCR. CARR. ANSWER CALL LONG 
LOOP MARK OETECT TONE PROG. 

DESCRIPTION 

Indicates detection of 2100 Hz answer tone. The 
device must be in originate mode for detection of 
answer tone. 

in the receive channel. 

Indicates carrier has been detected in the received 
channel. 

Indicates detection of unscrambled marks in 
the received data. This may be used in the V.22 
connect sequence or for requesting a remote modem 
to configure itself for remote digitalloopback. A valid 
indication means that unscrambled marks have been 
received for> 165.5 ± 6.5 ms. 

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

Not used. 

04 03 02 01 00 

TRANSMIT OTMF 11 OTMF 01 
OTMF OTMF3 OTMF2 OVER- GUARO 

SPEEO 

DESCRIPTION 

00 interacts with bits 06, 05, and 04 as shown. 

Transmit OTMF tones. 

Transmits 1800 Hz guard tone. 

Transmits 550 Hz guard tone. 

01 interacts with 04 as shown. 

Asynchronous OPSK 1200 or 600 bills +1.0% - 2.5% 

Asynchronous OPSK 1200 or 600 bitls +2.3% -2.5%. 
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TONE REGISTER (Continued) , i i i i 

07 06 05 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

03 D2 D1 DO 

D3, D2, OTMF3, a a a 0-
01,00 2,1,0 1 1 1 1 

D4 Transmit a 
DTMF 1 

D5 Transmit a 
Answer 1 
Tone 

0790- rev. 
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i i i , 
04 03 02 D1 DO 

TRANSMIT DTMF 11 DTMF 01 
DTMF DTMF3 DTMF2 OVER- GUARD 

SPEED 

DESCRIPTION 

Programs 1 of 16 DTM F tone pairs that will be 
transmitted when TX DTMF andTX enable bit (CRO, bit 
01) is set. Tone encoding is shown below: 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 a a a 1 697 1209 
2 a a 1 a 697 1336 

3 a a 1 1 697 1477 

4 a 1 a a 770 1209 

5 a 1 a 1 770 1336 

6 a 1 1 a 770 1477 

7 a 1 1 1 852 1209 

8 1 a a a 852 1336 

9 1 a a 1 852 1477 

a 1 a 1 a 941 1336 . 1 a 1 1 941 1209 

# 1 1 a 0 941 1477 

A 1 1 a 1 697 1633 

B 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D a a a a 941 1633 

Disable DTMF. 

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

Disables answer tone generator. 

Enables answer tone generator. A 2100 Hz answer 
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 

RXD TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

BIT NO. NAME 

D6 TXGuard 

(Transmit 
Guard Tone) 

D7 RXD Output 
Control 

IDREGISTER 

ID 
110 

BIT NO. 

D7,D6 

D7 06 

ID ID 

NAME 

Device 

Identification 

Signature 

D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT DTMF 11 DTMFOI 
ANSWER DTMF DTMF3 DTMF2 OVER- GUARD 

TONE SPEED 

CONDITION DESCRIPTION 

0 Disables guard tone generator. 

1 Enables guard tone generator (See DO for 
selection of guard tones}. 

0 Enables RXD pin. Receive data will be output on 
RXD. 

1 Disables RXD pin. The RXD pin becomes a high 
impedance with internal weak pull-up resistor. 

D5 

ID 

CONDITION DESCRIPTION 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER· 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

RATING 

14 

-65 to 150 

260 

SSI73K221/K221L 
CCITT V.22, V.21 

Single-Chip Modem 

UNIT 

V 

°C 

°C 

Applied Voltage -0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 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 ~F 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass Capacitor (ISET pin to GND) 0.1 ~F 

VDD Bypass Capacitor 1 (External to GND) 0.1 ~F 

VDD Bypass Capacitor 2 (External to GND) 22 ~F 

XTL 1 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 

100, Supply Current ISET Resistor = 2 MO 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1, XTl2 3.0 

All other inputs 2.0 

Vll, Input low Vo"age 0 

IIH, Input High Current VI =VIH Max 

Ill, Input low Current VI =Vll Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 

VOL, Output low Vo"age 10 MAX = 1.6 mA 

VOL, ClK Output 10=3.6mA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive load 

140 

NOM MAX UNITS 

8 12 mA 

4 mA 

3 mA 

VDD V 

VDD V 

0.8 V 

100 ~ 

~ 
50 ~ 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 ~ 
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 NOM MAX UNITS 

PSK Modulator 

Carrier Suppression Measured at TXA 55 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Mod/Demod 

Output Freq. Error ClK = 11.0592 MHz -0.35 +.35 % 

Transmit level Transmit Dotting Pattem -11 -10 -9 dBmO 

Harmonic Distortion THO in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSKorFSK 

Output Bias Distortion Transmit Dotting Pattem ±8 % 
InAlB@RXD 

Total Output Jitter Random Input in ALB @ RXD -15 +15 % 

DTMF Generator (Modem must be in DPSK mode to meet specifications) 

Freq. Accuracy -.25 +.25 % 

Output Amplitude low Group, DPSK Mode -10 -9 -8 dBmO 

Output Amplitude High Group, DPSK Mode -8 -7 -6 dBmO 

Twist High-Group to low-Group 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 -41 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 27 80 ms 

Hold Time -30 dBmO to -70 dBmO STEP 27 80 ms 

Hysteresis 2 dB 

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

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line .. 

5VVersion 
o 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 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level In FSK mode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

Output load TXA pin; FSK Single 

Tone out for THD = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 KHz 

Frequency = 153.6 KHz 

Output Impedance TXA pin 

Clock Noise TXA pin; 76.8 KHz 

5V Version (73K221 L) 

12V Version (73K221) 

CarrierVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +10 Hz Carrier 
Frequency Change 

Recovered Clock 

Capture Range 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 

1-42 

MIN 

-49 

15 

2 

10 

-49.5 

20 

10 

-2.5 

10 

-10 

-625 

NOM MAX UNITS 

-42 dBmO 

45 ms 

3.0 dB 

24 ms 

-42 dBmO 

45 ms 

30 ms 

+2.5 % 

KQ --
50 pI-' 

-39 dBmO 

-45 dBmO 

200 300 Q 

1.0 mVrms 

2 mVrms 

+10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Guard Tone Generator 

Tone Accuracy 550 or 1800 Hz 

Tone Level 550Hz 

(Below DPSK Output) 1800 Hz 

Harmonic Distortion 550Hz 

700 to 2900 Hz 1800 Hz 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE low 

TLA CS/Addr. hold after ALE low 

TLC ALE low to RD/WR low 

TCL RD/WR Control to ALE high 

TRD Data out from RD low 

TLL ALE width 

TRDF Data float after RD high 

TRW RDwidth 

TWW WRwidth 

TDW Data setup before WR high 

TWD Data hold after WR high 

TCKD Data out after EXCLK low 

TCKW WR after EXCLK low 

TDCK Data setup before EXCLK low 

TAC Address setup before control** 

TCA Address hold after control** 

TWH Data hold after EXCLK 

* 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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MIN NOM MAX UNITS 

-20 +20 Hz 

-4.0 -3.0 -2.0 dB 

-7.0 -6.0 -5.0 dB 

-50 dB 

-60 dB 

30 ns 

20 ns 

40 ns 

10 ns 

0 160 ns 

60 ns 

0 80 ns 

200 25000 ns 

140 25000* ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

150 ns 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

I.-!!!-.I 
Al.E~ 
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wr!" 

F1:-
TCl ] 

...,f-
TlC J. TWW J 
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L TAL .t.l ~ ~ TOW '" 

ADO-AD7 -K ADDRESS >!----K READ DATA >!----K ADDRESS >!----K WRfTE DATA)f--

~ --=i- -!- -i- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

NJ-A2. ---\---------------------t{A1 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OM 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 
OM arrangements 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. 

RS232 
lEVEL 

CONVERTERS 

CA 
AT. 

CB 
CT. Pt.t 

CC CSR 

CD DTR Pl.3 

DCD 881 
CF K-SEAIES 

LOW 
POWER 
FAMILY .. TXD 

RXD BB 
EXClJ( 

DA 
RXClJ( 

DD 
DB 

TXClJ( 

us. us 
,",CI"5406 
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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 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 itseH 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 controllerwill monitor the serial 
data for commands from the OTE 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. 

Cl 
390pF 

R9 
10K 

"' .oK 

• Note: Values shown alB for 5V tow power 
K-Series products. For 12V versions 
thesa values change to: 

C1_150pF 

C2_750 pF 

R5 _ 86.6K 

R7-14.3K 

~--~--------~~T 

VR' .r MOV 
V2SOt.l!O 

L---~-------r-4~R 

22K 

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 

C3 
O.1tIF 

0' 
3000 • .. 

37AKt'lCo 

~f------4~ 

CI R7 
0.1...= 201(1'" 

~~~NL~~I--~ 

Ya.TAOE ...... AENC. 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) before sending it to the other leg of the trans
former. Each op-amp then supplies haH the drive 
signal to the transformer. The receive amplifier (U1 C) 
picks off its signal at the junction of the impedance 
matching resistor and the transformer. Because the 
bottom leg of the transformer is being driven in one 
direction by U1A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

R' 201('" 

R2 
201('" 

R1 
47&1% 

• Note: Op-amp U 1 
must be rated for 
single 5V operation. 
Al0 & All values 
depend on Op-amp 
used. 

r----1r--------..-. T 
<IV 

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

CRYSTAL OSCILLATOR 

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

In order for a parallel mode crystal to operate correctly 
and to specification, it must have a load capacitor 
connected to the junction of each of the crystal and 
internal inverter connections, terminated to ground. 
The values of these capacitors depend primarily on the 
crystal's characteristics, and to a lesser degree 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 should be treated 
as a high impedance analog device. A 22 IlF elec
trolytic capacitor in parallel with a 0.1 IlF ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level orhigh impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-Series modem IC's should have both 
high frequency and low frequency bypaSSing as close 
to the package as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

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

BERvs.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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level Is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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* "EQ On" Indicates bit CR1 D4 is set for additional phase equalization. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

GND 

CLK 

XTL1 

XTl2 

AO 

A1 

A2 

DATA 

WR" 

"AD" 

VDD 

[ 1 22 

[ 2 21 

[ 3 '" 
[ . ,. 
[ . ,. 
[ . 17 

[ 7 10 

[ . " 
[ . ,. 
[ ,. 13 

[ 11 12 

400-MII 
22-PlnDIP 

RXA 

VREF 

RESET 

ISET 

RXCLK 

RXD 
TXD 

EXCLK 

TXCLK 

lflT 

TXA 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K221 with Parallel Bus Interface 

28-pin 12 volt supply 

Plastic Dual-In-Line 

ClK 

XTL1 

XTL2 

ADO 

A01 

NJ2 

ADa 

AD4 

ADS 

AIl6 

A07 

ALE 

WR" 

1m" 

Plastic Leaded Chip Carrier 

28-pin 5 volt supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

5S173K212 with 5eriallnterface 

22-pin 12 volt supply 

Plastic Dual-In-Line 

22-pin 5 volt supply 

Plastic Dual-In-Line 

.. GND ., 
RXA .. VREF .. RESET .. ISET 

'" RXCLK 

22 RXD 

21 TXD 

'" ~ ,. ,. EXCLK 

11 10 TXCLK ,. 17 lR'I' 
13 ,. TXA ,. 15 VDD 

600-MII 
28-Pln DIP 

ORDER NO. 

SSI 73K221 - IP 

S51 73K221 - IH 

551 73K221 L - IP 

551 73K221 L - IH 

5S173K2215 -IP 

5S173K221 SL - IP 
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• 3 • 1282726 
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PLCC PINOUTS goa 
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10 20 

11 ,. 
,~ 

" 13 14 15 16 17 1B 

28-Lead 
PLCC 
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73K221 -IP 
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73K221L-IP 
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73K2215-IP 

73K2215-IP 
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reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
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DESCRIPTION 

The 551 73K222 is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a CCITT V.22, V.21 and Bell 212A compat
ible modem, capable of 1200 bitls full-duplex opera
tionoverdial-up lines. The 551 73K222 is an enhance
ment of the 551 73K212 single-chip modem which 
adds V.22 and V.21 modes to the Bell 212A and 103 
operation of the 551 73K212. In Bell 212A mode, the 
551 73K222 provides the normal Bell 212A and 103 
functions and employs a 2225 Hz answer tone. The 
551 73K222 in V.22 mode produces either 550 or 
1800 Hz guard tone, recognizes and generates a 
2100 Hz answer tone, and allows 600 bitls V.22 or 
0-300 bitls V.21 operation. The 551 73K222 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 551 73K222L, low 
power version of the 551 73K222 provides identical 
performance and features, but operates from a single 
+5 volt supply with substantially lower power 
consumption. . 

The 551 73K222 includes the DP5K and F5K modula
tor/demodulator functions, call progress and hand
shake tone monitor and a tone generator capable of 

(Continued) 

BLOCK DIAGRAM 

WI 0----1 

=~::::::::::~~~ 
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FEATURES 

One-chip CCITT V.22, V.21, Bell 212A and 103 
standard compatible modem data pump 
Full..cfuplex operation at 0-300 bltls (FSK) or 600 and 
1200 bltls (DPSK) 
Pin and software compatible with other 
SSI K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial (22-pln DIP) or parallel (28-pln DIP) micropro
cessor bus for control 
Serial 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 
Space efficient 22- or 28-pln DIP packages 

• CMOS technology for low power consumption 
using 30 mW@5Vor 180 mW@ 12V 

• Single +5 volt (73K222L) or +12 volt (73K222) 
versions 

PIN DIAGRAM 

R .. 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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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 Ioopback are 
supported. Internal pattern generators are also 
included for seH-testing. The SSI 73K222 is designed 
to appear to the systems designer as a microprocessor 
peripheral, and will easily interface with popular 
one-chip microprocessors (80C51 typical) for control 
of modem functions through its 8-bit multiplexed 
address/data bus or serial control bus. An ALE control 
line simplifies address dernultiplexing. Data communi
cations occurs through a separate serial port only. 

The SSI 73K222Is Ideal for use in either free standing 
or integral system modem products where full-duplex 
1200 bitls data communications over the 2-wire 
switched telephone network is desired. Its high func
tionality,low power consumption and efficient packag
ing simplify design requirements and increase system 
reliability. A complete modem requires only the addi
tion of the phone line interface, a control microproces
sor, and RS-232 level converter for a typical system. 
The SSI 73K222 is part of Silicon Systems' K-Series 
family of pin and function compatible single-chip 
modem products. These devices allow systems to be 
configured for higher speeds and Bell or cCln opera
tion with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash
ion, The SSI 73K222 includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data within a±0.01% rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 or 600 bit/s 
+1.0%, -2.5%. The converter will then insert or delete 
stop bits in Orderto output a signal which is 1200 or 600 
bit/s± 0.01% (± 0.01% is 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 con
verter and the data scrambler are bypassed in all FSK. 
modes. H serial input data contains a break signal 
through one character (including start and stop bits) the 
break will be extended to at least 2 • N + 3 bits long 
(where N is the number of transmitted bits/character). 

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

1-52 

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

SYNCHRONOUS MODE 

The cCln V.22 standard defines synchronous opera
tion at 600 and 1200 bit/so The Bell 212A standard 
defines synchronous operation only at 1200 bit/so 
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 valid on the 
rising edge of TXCLK. 

TXCLK is an intemally 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 

The SSI 73K222 modulates a serial bit stream into 
di-bit pairs that are represented by four possible phase 
shifts as prescribed by the Bell 212A 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 even~uall¥ 
decoded into di-bits and converted back to a senal bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). , The SSI 73K222 uses a phase locked loop 
coherent demodulation technique for optimum 
receiver performance. 

FSK MODULATOR/DEMODULATOR 

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

PASSBAND FILTERS AND EQUALIZERS 

High and low band fiHers 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. 
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PARALLEL BUS INTERFACE 

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

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
SSI 73K222 control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO, A 1 and A2lines provide register addresses fordata 
passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the 
RD line is taken low. The first bit is available after RD 
is brought low and the next seven cycles of EXCLK will 
then transfer out seven bits of the selected address 
LSB first. 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 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 an interrupt is generated for all 
purposes except long loop. The interrupts are disabled 
(masked) when the enable interrupt bit is set to O. 

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 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - 1/0 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 12V +10%, -20% (73K222) or 5V ±1 0% 
(73K222l). Bypass with .1 and 22 ~ capacitors to GND. 

An internally generated reference voltage. Bypass with 
.1 J.lF capacitor to ground. 

Chip current reference. Sets bias current for op-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MO resistor. ISET should be bypassed to GND with a 
.1 J.lF capacitor. " 

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

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

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 ofCS is latched on the falling edge 
of ALE. 

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 
DPSK modes only. The pin defaults to the crystal fre-
quency on reset. 

Interrupt. This open drain 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 low until the 
processor reads the detect register or does a full reset. 

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

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down 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 - I Write. A low on this informs the SSI 73K222 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 low. 

SERIAL MICROPROCESSOR INTERFACE 

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

DATA - 8 I/O Serial Control Data. Data for a readtwrite operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI73K222 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 olthe 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K222 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected 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 AO, A1 and A2, respectively. 
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PIN DESCRIPTION (Continued) 

DTEUSER 

NAME 28-PIN 22·PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

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 
on the TXD pin. Also used for serial control interface. 

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. 

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

Transmit Clock. This signal is used in synchronous trans-
mission to latch serial input data on the TXD pin. Data must 
be provided so that valid data is available on the rising edge 
of the TXCLK. The transmit clock is derived from different 
sources depending upon the synchronization mode 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. 

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 (1200/600 bitls or 300 baud) no clocking is neces-
sary. DPSK data must be 1200/600 biUs +1%, -2.5% or 
+2.3%, -2.5 % in extended overspeed mode. 

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

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator 
requiring a 11.0592 MHz parallel mode crystal. Load 
capacitors should be connected from XTL 1 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 AO, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. In parallel mode the 
address lines are latched by ALE. Register CRO 
controls the method by which data is transferred over 

REGISTER BIT SUMMARY 

CRO 

CONTROL 
REGISTER CRI 001 

1 

DETECT RECEIVE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

10 
REGISTER 10 110 

NOTE: When a register containing reserved control 
bits is written into, the reserved bits must be 
programmed as O's. 
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the phone line. CR1 controls the interface between the 
microprocessor and the SSI73K222 intemal state. DR 
is a detect register which provides an indication of 
monitored modem status conditions. TR, the tone 
control register, controls the DTMF generator, answer 
and guard tones and RXD output gate used in the 
modem initial connect sequence. All registers are 
read/write except for DR which is read only. Register 
control and status bits are identHied below: 

BYPASS CLK TEST TEST 
SCRAMBLER CONTROL RESET MODE MODE 

1 0 

UNSCR. CARRIER ANSWER CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

TRANSMIT DTMFll 
DTMF DTMF3 DTMF2 OVERSPEED 



SSI 73K2221K222L 
V.22, V.21, Bell 212A 
Single-Chip Modem 

REGISTER ADDRESS TABLE 

REGISTER 
I ADDRESS 

ADZ· ADO D7 

0.1200 BITIS DPSK 
1-600 BITIS DPSK 
OoBELL 103 FSK 
I.V21 FSK 

DATA BIT NUMBER 

D4 

oolo-EXT SVNCH 
ool1.SlAVE SYNCH 

D3 

01 oo-ASYNCH 8 BITs/cHAR 
01 01-ASVNCH 9 BITs/cHAR 
0110-ASYNCH 10 BITs/cHAR 
0111 -ASVNCH 11 BITs/cHAR 
l100-FSK 

o-XTAL 
1.18 X DATA 
RATE OUTPUT 
AT CLK PIN IN 
DPSKMOOE 
ONLY 

D2 Dl 

o-DISABlE 
TXAOUTPlJT 

I.ENABLE 
TXAOUTPlJT 

OlJTPlJTS 
RECEIVED 
DATA STREAM 

O-CONDITION NOT DETECTED 
I.CONDITION DETECTED 

1-58 

DO 

0-2225 Hz A.T. 
1800 HzG.T. 

1.2100 Hz A.T. 
SOOHzG.T. 
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CONTROL REGISTER 0 

04 03 

SSI 73K222/K222L 
V.22, V.21 , Bell 212A 
Single-Chip Modem 

02 01 00 

CRO MOOUL.· .•. ..• TRANSMIT o~ 0' TRANSMIT TRANSMIT TRANSMIT I TR,II.f\I~'v1IT ANSWER! 
000 opr'"'. . MOOE 3 MOOE2 MOOE 1 MOOEO ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

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

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

01 Transmit 0 "ClII')l1 "' output at TXA. 
Enable 1 Enables transmit output at TXA. 

Note: TX Enable must be setto 1 to allow AnswerTone 
and OTMF Transmiission. 

05 04 03 02 

05,04,03, Transmit 0 0 0 0 Selects power down mode. All functions 
02 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 TXO must be valid on the rising edge of 
TXCLK. Receive data is clocked out of RXO on the 
falling edge of RXCLK. 

0 0 1 0 External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter-
nallyto 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 intemallyto 
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) . 

1 1 o 0 . Se~ctsfSK_vl-''''Cl''V' ,. 

06 0 Not used; must be written as a "0." 
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CONTROL REGISTER 0 (Continued) 

05 04 03 02 01 DO 

CRO 
000 

TRANSMIT TRANSM TRANSMIT TRANSMIT TRANSMIT ANSWER! 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

07 Modulation 

Option 

o 1 FSK Bell 103 mode. 

X= Oonlcare 

CONTROL REGISTER 1 

07 06 05 04 03 02 01 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 

01,00 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. 

1 0 Selects remote digital Ioopback. Received data is 
looped back to transmit data internally, and RXO is 
forced to a mark. Data on TXO is ignored. 

1 1 Selects local digital loopback. Internally loops TXO 
back to RXO and continues to transmit carrier from 
TXApin. 

02 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. 

03 ClK Control 0 Selects 11.0592 MHz crystal echo output at ClK 
(Clock Control) pin. 

1 Selects 16 Xthe data rate, output at ClK pin in OPSK 
modes only. 
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CONTROL REGISTER 1 (Continued) 

i i i 
D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 

BIT NO. NAME 

D4 Bypass 
Scrambler 

D5 Enable Detect 

D7,D6 Transmit 
Pattern 

DETECT REGISTER 

BIT NO. NAME 

DO long loop 

D1 Call 
Progress 

Detect 

0 INTER. 

CONDITION 

0 

1 

0 

1 

D7 D6 

0 0 

0 1 

1 0 

1 1 

D5 D4 

RECEIVE UNSCR. 
DATA MARK 

CONDITION 

i 

SSI 73K222/K222L 
V.22, V.21 , Bell 212A 
Single-Chip Modem 

i i i i 
D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB CONTROL RESET MODE MODE 

1 0 

DESCRIPTION 

Selects normal operation. DPSK data is passed 
through scrambler. 

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

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 
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. 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

D3 D2 

CARR. ANSWER 
DETECT TONE 

DESCRIPTION 

D1 

CAll 
PROG. 

DO 

lONG 
lOOP 

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

1-61 



SSI 73K2221K222L 
V.22, V~21, Bell 212A 
Single-Chip Modem 

DETECT REGISTER (Continued) 

05 04 03 02 01 DO 

RECEIVE UNSCR. CARR. ANSWER CALL 
PROG. 

LONG 
LOOP DATA MARK DETECT TONE 

BIT NO. 

02 

03 

04 

05 

NAME 

Answer 
Tone 

Detect 

Carrier 
Detect 

Unscrambled 
Mark 

Detect 

Receive 
Data 

TONE REGISTER 

07 06 

RXD TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

. BIT NO. NAME 

DO DTMFOI 
Answerl 

Guard Tone 

01 DTMF 11 
Overspeed 

CONDITION 

1 

05 

TRANSMIT 
ANSWER 

TONE 

CONDITION 

06 05 04 DO 

X X 1 X 

X 0 0 0 

X 1 0 0 

X 0 0 1 

X 1 0 1 

1 0 0 0 

1 0 0 1 

04 01 

0 0 

0 1 

DESCRIPTION 

Indicates detection of 2225 Hz answer tone in Bell 
mode or 21 00 Hz in CCITT mode. The device must be 
in originate mode for detection of answer tone. For 
CCID answer tone detection, bit DO of the Tone 
~'''1ic,fj.r must be set to a 1. 

Indicates carrier has been detected in the receive 
channel. 

Indicates detection of unscrambled marks in 

the received data. A valid indication requires that 
unscrambled marks be received for> 165.5 ± 6.5 ms. 

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. 

04 03 02 01 DO 

TRANSMIT DTMF 11 DTMFOI 
DTMF DTMF3 DTMF2 OVER- ANSWER! 

SPEED GUARD 

DESCRIPTION 

DO interacts with bits 06, OS, and 04 as shown. 

Transmit DTMF tones. 

Detects 2225 Hz in originate mode. 

Transmits 2225 Hz in answer mode (Bell). 

Detects 2100 Hz in originate mode. 

Transmits 2100 Hz in answer mode (CCITI). 

Select 1800 Hz guard tone. 

Select 550 Hz guard tone. 

01 interacts with D4 as shown. 

Asynchronous DPSK + 1.0% -2.5%. 

Asynchronous DPSK +2.3% -2.5%. 

1-62 0790- rev. 



TONE REGISTER 
i i i i 

D7 D6 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD ANSWER 
011 CONTA. TONE TONE 

BIT NO. NAME CONDITION 

D3 D2 D1 DO 

D3, D2, DTMF3, 0 0 0 0-
D1,DO 2,1,0 1 1 1 1 

D4 Transmit 0 
DTMF 

1 

D5 D4 DO 

D5 Transmit 0 0 X 
Answer 1 0 0 
Tone 

1 0 1 
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i i i i i 
D4 D3 D2 D1 DO 

TRANSMIT DTMF 11 DTMFOI 
DTMF DTMF3 DTMF2 OVER- ANSWER! 

SPEED GUARD 

DESCRIPTION 

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

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 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 

Disable DTMF. 

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

D5 interacts with bits D4 and DO as shown. 

Disables answer tone generator. 

Enables answer tone generator. A 2225 Hz 
answer tone will be transmitted continuously when the 
Transmit Enable bit is set in CRO. The device must be 
in answer mode. 

Likewise a 2100 Hz answer tone will be transmitted. 
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TONE REGISTER (Continued) 

07 06 

RXO TRANSMIT 
TR OUTPUT GUARD 
011 CONTR. TONE 

BIT NO. NAME 

06 Transmit 
Guard Tone 

07 RXO Output 
Control 

IDREGISTER 

10 
110 

BIT NO. 

07,06 

07 

10 
1 

NAME 

06 

10 
o 

Device 

Identification 

Signature 

05 04 03 02 01 DO 

TRANSMIT TRANSMIT OTMF 1/ OTMF 0/ 
ANSWER OTMF OTMF3 OTMF2 OVER- ANSWER! 

TONE SPEED GUARD 

CONDITION DESCRIPTION 

0 Disables guard tone generator. 

1 Enables guard tone generator (See DO for 
selection of guard tones). 

0 Enables RXO pin. Receive data will be output on 
RXO. 

1 Disables RXO pin. The RXO pin reverts to a high 
impedance with internal weak pull-up resistor. 

05 

10 

CONDITION DESCRIPTION 

07 06 05 Indicates Device: 

SSI73K224L 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING 

VDD Supply Voltage 14 

Storage Temperature -65 to 150 

Soldering Temperature (10 sec.) 260 

SS173K2221K222L 
V.22, V.21 , Bell 212A 
Single-Chip Modem 

UNIT 

V 

°C 

°C 

Applied Voltage -0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supplv voltaae 4.5 5 5.5 V 

T A, 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 IlF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 Mil 
and ISETJ)ins) 

ISET Bypass Capacitor (ISET pin to GND) 0.1 IlF 

VDD Bypass Capacitor 1 (External to GND) 0.1 IJ.F 

VDD Bypass Capacitor 2 (External to GND) 22 IJ.F 

XTL 1 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 

100, Supply Current ISET Resistor = 2 Mil 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH In~ut High Voltage 

Reset, XTL 1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI = VIH Max 

Ill. Input low Current VI = VllMin -200 

Reset Pull-down Current Reset = VDD 1 

Input CapacHance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 

VOL, Output low VoHage 10 MAX = 1.6 rnA 

VOL, elK Output 10=3.6mA 

RXD Tri-State Pull-up Curro RXD= GND -1 

CMAX, ClK Output Maximum Capacitive load 

1-66 

NOM MAX UNITS 

8 12 mA 

4 mA 

3 mA 

VDD V 

VDD V 

0.8 V 

100 J,lA 

uA 
50 J,lA 

10 pF 

VDD V 

0.4 V 

0.6 V 

-50 J,JA 

15 pF 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K222/K222L 
V.22, V.21, Bell 212A 
Single-Chip Modem 

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

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

PSK Modulator 

Carrier Suppression Measured at TXA 55 dB 

Output Amplitude TX scrambled marks -11 -10.0 -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 TH 0 in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSKor FSK 

Output Bias Dlstonlon Transmit Dotting Pattern ±B % 
inAlB@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 -B dBmO 

Output Amplitude High Band, DPSK Mode -B -7 -6 dBmO 

Twist High-Band to Low-Band, DPSK Mode 1.0 2.0 3.0 dB 

Long Loop Detect DPSKor FSK -3B -2B dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

Call Progress Detector 

Detect level 2-Tones in 350-600 Hz band -34 0 dBmO 

Reject level 2-Tones in 350-600 Hz band -41 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 27 BO ms 

Hold Time -30 dBmO to -70 dBmO STEP 27 BO ms 

Hysteresis 2 dB 

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

12V Version 
10 dB loss in the Transmit path to the line. 
9 dB gain in the Receive path from the line. 

5VVersion 
o 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 OM design. 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Carrier Detect DPSK or FSK 

Threshold receive data 

Delay Time -70 dBmO to -30 dBmO STEP 

Hysteresis Single tone detected 

Hold Time -30 dBmO to -70 dBmO STEP 

Answer Tone Detector 

Detect Level In FSKmode 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Detect Freq. Range 

Output Smoothing Filter 

Output load TXA pin; FSK Single 

Tone out for THD = -50 db 
in .3 to 3.4 KHz 

Spurious Freq. Compo Frequency = 76.8 KHz 

Frequency = 153.6 KHz 

TXA pin Output Impedance 

Clock Noise TXA pin; 76.8 KHz 

5V Version (73K222L) 

12V Version (73K222) 

carrlerVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 

HiS 

MIN 

-49 

15 

2 

10 

-49.5 

20 

10 

-2.5 

10 

-10 

-625 

NOM MAX UNITS 

-42 dBmO 

45 ms 

3.0 dB 

24 ms 

-42 dBmO 

45 ms 

30 ms 

+2.5 % 

KQ 

50 pF 

-39 dBmO 

-45 dBmO 

200 300 Q 

1.0 mVrms 

2.0 mVrms 

+10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 
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ELECTRICAL SPECIFICATIONS (Continued) 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Guard Tone Generator 

Tone Accuracy 550Hz 

1800 Hz 

Tone Level 550Hz 

(Below DPSK Output) 1800 Hz 

Harmonic Distortion 550 Hz 

700 to 2900 Hz 1800 Hz 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWR Low 

TCL RD/WR Control to ALE High 

TRD Data out from RD Low 

TLL ALE width 

TRDF Data float after RD High 

TRW RDwidth 

TWW WRwidth 

TOW Data setup before WR High 

TWD Data hold after WR High 

TCKD Data out after EXCLK Low 

TCKW WR after EXCLK Low 

TOCK Data setup before EXCLK Low 

TAC Address setup before control" 

TCA Address hold after control* 

TWH Data Hold after EXCLK 

* 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. 

0790 - rev. 1-69 

SSI 73K2221K222L 
V.22, V.21 , Bell 212A 
Single-Chip Modem 

MIN NOM MAX UNITS 

-20 +20 Hz 

-4.0 -3.0 -2.0 dB 

-7.0 -6.0 -5.0 dB 

-50 dB 

-60 dB 

30 ns 

20 ns 

40 ns 

10 ns 

0 140 ns 

60 ns 

0 200 ns 

200 25000 ns 

140 25000 ns 

150 ns 

20 ns 
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TIMING DIAGRAMS 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OAA 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 
OAA arrangements 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. 

AS230 
LEVEL 

CONYEro'ERS 

CA 
RTS 

CTS 
CB DOR 
CC 

DTR CD 

CF 
OCD 

SA .. 
DA 

RXCLK DO 
DB 

TXCLK 

US.U8 
MO' ..... 

ALE .. , 
'CB' K-~ES 

POWER 
FAMILY 

C9 .1.,. 
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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 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 controllerwill monitorthe serial 
data for commands from the OTE 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-232 interface handshake lines are used for modem 
control. 

+ca .. .,. CI 
390pF 

.. 
10K 

• Note: Values shown are for 5V low power 
K·Series prodUdS. For 12V versions 
thoso values change to: 

22K 

CI-I50pF 

C2_750pF 

RS_86.6K 

R7-14.3K 

\lR1 
-F MOV 

V25Ol2O 

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 voHsupply. Because 
DTMFtones utilize a higher amplitude than data, these 

co 
O.1t&F' 

e, ..... 
1M 

37A1C1%. 

~t-----<l>-< 

co R7 
O.1t&f' 2Ql(1% 

~ I--+-JWI!'-+----J 

VQ.TAGE 
REFERENCE 

.. V 

HOCK >--------

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-~mp 
(U1 B) 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 (U1 C) 
picks off its signal at the junction of the impedance 
matching resistor and the transformer. Because the 
bottom leg of the transformer is being driven in one 
direction by U1A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

A' 
ZOIC'" • Note: Op-amp Ul 

must be rated for 
single 5V operation. 
Rl0& Rll values 
depend on Op-amp 
used . 

... 
ZOIC'" 

.. 
4751% 

~ ~---------------~ 
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 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 ~F elec
trolytic capacitor in parallel with a 0.1 ~F ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-5eries modem IC's should have both 
high frequency and low frequency bypassing as close 
to the package as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

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

BERvs.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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 
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ORDERING INFORMATION 

PART DESCRIPTION ORDER NO_ PKG_MARK 

SSI 73K222 with Parallel Bus Interface 
28-Pin 12 Volt Supply 

Plastic Dual-In-Line SSI 73K222 - IP 73K222-IP 
Plastic Leaded Chip Carrier SSI 73K222 - IH 73K222-IH 

28-Pin 5 Volt Supply 
Plastic Dual-In-Line SSI 73K222L - IP 73K222L-IP 
Plastic Leaded Chip Carrier SSI 73K222L - IH 73K222L-IH 

SSI 73K222 with Serial Interface 
22-Pin 12 Volt Supply 

Plastic Dual-In-Line SSI 73K222S - IP 73K222S-IP 

22-Pin 5 Volt Supply 
Plastic Dual-In-Line SSI 73K222SL - IP 73K222SL - IP 
Ceramic Dual-In-Line SSI 73K222SL - IC 73K222SL - IC 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, 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. 
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UDO 

UD. 

UD2 

UD3 

UD4 

UD5 

UDe 

UD7 

UN> 

UA. 

UA2 

DESCRIPTION 

The SSI 73K222U is a compact, high-performance 
modem which includes a 8250Al16C450 compatible 
UART with the 1200 biUs modem function on a single 
chip. Based on the SSI 73K222L 5-voH low power 
CMOS modem IC, the SSI 73K222U is the perfect 
modemlUART component for integral modem applica
tions. It is ideal for applications such as portable termi
nals and laptop computers. The SSI 73K222U is the 
first fully featured modem IC which can function as an 
intelligent modem in integral applications without re
quiring a separate dedicated microcontroller. It pro
vides for data communication at 1200, 600, and 300 biU 
s in a muHi-mode mannerthat allows operation compat
ible with both Bell 212A1103 and CCITT V.221V.21 
standards. The digital interface section contains a high 
speed version of the industrystandard 8250Al16C450 
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. 

BLOCK DIAGRAM 
TlCD Xll. Xl1.2 CU< 

8250A 116C450 
UART 

1lllmI" 

1lIITR 
~ RXD-INPUT OH 
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FEATURES 

SSI73K222U 
Single-Chip Modem 

with UART 

July, 1990 

• ModemlUART combination optimized for Integral bus 
applications 

• Includes features of SSI 73K222L single-chip modem 
• Fully compatible 16C450/8250 UART with 8250B or 

8250A selectable Interrupt emulation 
• High speed UARTwllllnterface directly with high clock 

rate bus with no walt states 
• Compatible wHh SSI 73K212U (Bell 212A1103) and 

SSI73K221 U (CCITT V.221V.21) family members 
• Single-port mode allows full modem and UARTcontrol 

from CPU bus, with no dedicated mlcroprocassor 
required 

• Dual-port mode suits conventional designs using lo
cal microprocessor for transparent modem operation 

• Complete modem functions for 1200 bHls (Bell 212A, 
V.22) and 0-300 bills (Bell 103, V.21) 

• Includes DTMF generator, carrier, call-progress and 
precise answer-tone detectors for Intelligent dialing 
capability 

• On chip 2-wlre/4-wlre 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 
(15mW) 

• Operates from single +5V supply 
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DRIVER 
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SSI73K222U 
Single-Chip Modem 
with UART 

FUNCTIONAL DESCRIPTION 

The 551 73K222U integrates an industry standard 
8250116C450 UART function with the modem capabil
ity provided by the 551 73K222l single chip modem IC. 
The 551 73K222U is designed specifically for integral 
microprocessor bus intelligent modem products. These 
designs typically require the standard 8250 or higher 
speed 16450 UART to perform parallel-to-serial and 
serial-to-parallel conversion process necessary to in
terface a parallel bus with the inherently serial modem 
function. The 551 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. In the 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 
551 73K222U using a separate serial command port. 
In the 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 
551 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 port in a typical 
PC application with no additional circuitry required. 

UART FUNCTION (16C450) 
The UART section of the 551 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 551 73K222U. 
A select line is then provided to enable the desired 
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interrupt operation. The UART used in the 
551 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 parallel
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 program the nu mber of bits per character, parity bit 
generation and checking, and the number of stop bits. 
The UART also provides break generation and detec
tion, detection of error conditions, and reporting of 
status at any time. A prioritized maskable interrupt is 
also provided. 

The UART block has a progammable baud rate gen
erator which divides an internal 1.8432 MHz clock to 
generate a clock at 16 x the data rate. The data rate 
for the transmit and receive sections must be the 
same. For DP5K modulation, the data rate must be 
1200 Hz or 600 Hz. For F5K modulation, the data rate 
must be 300 Hz or less. The baud generator can create 
a clock that supports digitaltransfer at upto 115.2 KHz. 
The output of the baud generator can be made avail
able at the ClK pin under program control. 

MODEM FUNCTION (551 73K222L) 

The modem section of the 551 73K222U provides all 
necessary analog functions required to create a single 
chip Bell 212N103 and CCITT V.22N.21 modem, 
controlled by the system CPU or a local dedicated 
microprocessor. Asynchronous 1200 bitls DP5K (Bell 
212A and V.22) and 300 baud F5K (Bell 103 andV.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. In the single-port mode, the modem section 
can be controlled through the 16C450 interface, with 
no external microcontroller required. The primary 
analog blocks are the DP5K modulator/demodulator, 
the F5K modulator/demodulator, the high and low 
band filters, the AGC, the special detect circuitry, and 
the DTMF tone generator. The analog functions are 
performed with switched capacitor technology. 
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PSK MODULATOR / DEMODULATOR 

The SSI 73K222U modulates a serial bit stream into 
dibit pairs that are represented by four possible phase 
shuts as prescribed by the Bell 212A or V.22 standard. 
The baseband signal is then filtered to reduce inter
symbol interference on the band limited 2-wire PSTN 
line. Transmission occurs using either a 1200 Hz 
(originate mode) or 2400 Hz carrier (answer mode). 
Demodulation is the reverse of the modulation proc
ess, with the incoming analog signal eventually de
coded into dibits and converted back to a serial bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. The demodulator decodes either a 1200 Hz 
carrier (originate carrier) or a 2400 Hz carrier (answer 
carrier). The S81 73K222U uses a phase-locked-loop 
coherent demodulation technique that offers inher
ently better performance than typical DPSK demodula
tors used by other manufacturers. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator frequency modulates the analog 
output signal using two discrete frequencies to repre
sent the binary data. In Bell 1 03, 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 O. 

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 from a 0 to a 1. 

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 SSI73K222U 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 olthe 
transmit output signals. 

The relay driver output of the SSI73K222U is an open 
drain signal capable of sinking 20 rnA, which can 
control a line closure relay used to take the line off hook 
and to perform pulse dialing. 

AUDIO MONITOR 

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

GENERAL 

NAME DIP PLCC 

VDD 40 44 

GND 20 22 

VREF 19 21 

ISET 9 11 

XTL1 25 27 

XTl2 24 26 

ClK 21 23 

RESET 10 12 

STNDlN 15 17 

TYPE DESCRIPTION 

I +5V Supply ±1 0%, bypass with a .1 and a 22~F capacitor 
toGND 

I System Ground 

0 VREF is an internally generated reference voltage which is 
externally bypassed by a .1 ~F capacitor to the system 
ground. 

I The analog current is set by connecting this pin to VDD 
through a 2Mfl resistor. ISETshould be bypassed to 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 .1 ~F capacitor if resistor is used. 

I These pins are connections for the internal crystal 

I oscillator requiring an 11.0592 MHz crystal (9216Hz x 
1200). XTAl2 can also be TTL driven from an external 
clock. 

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

I Reset. An aptive signal (high) on this pin will put the chip 
into an inactive state. The control register bits (except the 
Receiver Buffer, Transmitter Holding, and Divisor latches) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull-down resistor permits 
power-on reset using a O.1J.1F capacitor connected to the 
5V supply. 

I Single-port mode select (active high). In a single-port 
system there is no local microprocessor and all the modem 
control is done through the 16C450 parallel bus interface. 
The local microprocessor interface is replaced with UART 
control signals which allow the device to function as a digital 
UART as well as modem. 
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PIN DESCRIPTION (continued) 

UART INTERFACE 

NAME DIP PLCC TYPE 

UAO-UA2 37-39 41-43 I 
UA3 12 14 I 

UDO-UD7 27-34 30-37 1/0 

DISTR 35 38 I 

DOSTR 36 39 I 

CS2 1 2 I 

INTRPT 5 7 0 

RXO 6 8 1/0 

0790 - rev. 

DESCRIPTION 

SSI73K222U 
Single-Chip Modem 

with UART 

UART Address. These pins determine which of the UART 
registers is being selected during a read or write on the 
UART data bus. The contents of the DLAB bit in the 
UART's Line Control Register also control which register is 
referenced. In single-port mode, UAO-UA3 are latched 
when ADS goes high. In dual-port, only UAO-UA2 are 
used. 

(3 state) UART Data. Data or control information to the 
UART registers is carried over these lines. 

Data Input Strobe. A low on this pin requests a read of the 
internal UART registers. Data is output on the DO-D71ines 
if DISTR and CS2 are active. 

Data Output Strobe. A low on this pin requests a write of the 
internal UART registers. Data on the 00-07 lines are 
latched on the rising edge of OOSTA. Data is only written 
if both OOSTR and CS2 are active. 

Chip Select. A low on this pin allows a read or write to the 
UART registers to occur. In single port mode, CS2 is latched 
on ADS. 

(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 82508. The output can be put in a 
high impedance state with the OUT2 register bit in the 
Modem Control Register. In single-port mode, INTRPT 
also becomes valid when a modem interrupt signal is 
generated by the modem section's Detect Register. 

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

STNOLN 07 

0 0 RXO 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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SSI73K222U 
Single-Chip Modem 
with UART 

PIN DESCRIPTION (continued) 

UART INTERFACE (continued) 

TXD 7 9 

ANALOG I LINE INTERFACE 

NAME DIP . PLCC 

TXA1 3 4 
TXA2 4 5 

RXA 16 18 

SPKR 17 19 

OH 18 20 

0 

TYPE 

0 
0 

I 

0 

0 

Function is detennined 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. 

DESCRIPTION 

(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 buiH using TXA1 as a single ended 
transmit signal. 

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

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

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 

ADS 23 25 I 

UA3 12 14 I 

CTS 14 16 I 

DSR 13 15 I 

DCD 11 13 I 

DTR 22 24 0 

RTS 2 3 0 

RI 8 10 I 

DESCRIPTION 

SSI73K222U 
Single-Chip Modem 

with UART 

Address Strobe. ADS is used to latch address and chip 
select to simplify interfacing to a multiplexed Address/Data 
Bus. UAO-UA3 and CS2 are latched when the ADS signal 
goes high. 

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 
UAO-UA2 and if UA3 is 1, the modem registers are ad-
dressed. UA3 is latched when ADS goes high. 

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

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. 

Data Carrier Detect. This pin is the complement of DCD bit 
in the Modem Status Register. The signal is used in modem 
control handshake to signify that the modem is receiving a 
carrier. 

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. 

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. 

Ring Indicator. This Indicates that a telephone ringing 
signal is being received. This pin is the complement of the 
RI bit in the Modem Status Register. 
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SSI73K222U 
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 I 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 I/O Serial Control Data. Serial control data to be readlwritten 
is clocked in/out on the falling edge of the DClK pin. The 
direction of data transfer is controlled by the state of the RD 
pin. Ifthe RD pin is active (low) the DATA line is an output. 
Conversely, if the RD pin is inactive (high) the DATA line is 
an input. 

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

DClK 11 13 I 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 then to pulse WR low. Data is written on the rising edge 
of WR. The falling edge of the RD signal must continue for 
eight cycles of DClK in order to read all eight bits of the 
reference register. Read data is provided lSB first. Data 
will not be output unless the RD signal is active. 

INT 2 3 0 (with weak pull-up) Modem Interrupt. This output signal is 
used to inform the modem processor that a change in a 
modem detect flag has occurred. The processor mustthen 
read the Modem Detect Registerto determine which detect 
triggered the interrupt. INT will stay active until the proc-
essor reads the Modem Detect Register or does a full reset. 

Jl,PRST* 8 10 0 Microprocessor Reset. This output signal is used to pro-
vide a hardware reset to the microprocessor. This signal is 
high if the RESET pin is high or the MCR bit D3 (OUT1) bit 
is set. 

• NOTE: The Jl,PRST 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 parallel bus utilized 
for data transfer. This mode is enabled when the STNDLN pin is at 
a logic "1". In the 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 RI signals normally associated with the UARTfunction. A 
separate pin, ADS, is used for bus control. 
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FIGURE 2: 
Dual-Port Mode 

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

The serial control interface allows access to the control and status 
registers via a serial command port. In this mode the MAO, MA1, 
and MA2 lines provide register addresses for data passed through 
the DATA pin under control of the RD and WR lines. A read op
eration is initiated when the RD line is taken low. The next eight 
cycles of DCLK will then transfer out eight bits of the selected 
address location LSB first. A write takes place by shifting in eight 
bits of data LSB first for eight consecutive cycles of DCLK. WR is 
then pulsed low and data transfer into the selected register occurs 
on the rising edge of WR. 
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SSI73K222U 
Single-Chip Modem 

with UART 

UART CONTROL REGISTER OVERVIEW 

DATA BIT NUMBER 

UART 
REGISTER ADDRESS 07 06 05 04 03 02 01 DO 

UA3·UAO· 

RECEIVER 
BUFFER RBR 0000 BIT 7 BIT6 BIT 5 BIT4 BIT 3 BIT2 BIT 1 BIT a 

REGISTER DLAB_O (MSB) (LSB) 
(READ ONLy) 

TRANSMIT 
HOLDING THR 0000 BIT7 BIT 6 BIT5 BIT4 BIT3 BIT2 BIT 1 BIT a 

REGISTER DLAB - 0 (MSB) (LSB) 
(WRITE ONLY) 

INTERRUPT ENABLE ENABLE ENABLE ENABLE ENABLE 

ENABLE IER 0001 a a a S250N MODEM REC. LINE THR REC. DATA 

REGISTER DLAB - a 16C450 STATUS STATUS EMPTY AVAILABLE 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT 
INTERRUPT INTERRUPT "0. IF 10 

REGISTER IIR 0010 a a a a a 10 10 INTERRUPT 
(READ ONLy) BIT 1 BIT a PENDING 

LINE DIVISOR EVEN PARITY NUMBER WORD WORD 

CONTROL LCR 0011 LATCH SET STICK PARITY ENABLE OF STOP LENGTH LENGTH 
ACCESS BREAK PARITY SELECT BITS SELECT 1 SELECT a REGISTER (DLAB) (EPS) (PEN) (STB) (WLS1) (WLSO) 

MODEM ENABLE 

(~~mN REQUEST DATA 
INTERRUPT TERMINAL CONTROL MCR 0100 a a a LOOP (OUT2 TO SEND READY REGISTER IN 16C450) 16C450) (ATS) (DTR) 

LINE TRANSMIT TRANSMIT BREAK FRAMING PARITY OVERRUN DATA 
STATUS LSR 0101 a SHIFT REG. HOLDING INTERRUPT ERROR ERROR ERROR READY 

REGISTER EMPTY REGISTER (BI) (FE) (PE) (OE) (DR) 
(TSRE) EMPTY(THRE) 

MODEM DATA RING DATA CLEAR DELTA TRAILING DELTA- DELTA 
STATUS MSR 0110 CARRIER INDICATOR SET READY TO SEND DATA CARR. EDGE RING DATASET CLEAR 

REGISTER DETECT (RI) (DSR) (CTS) DETECT INDICATOR READY TO SEND 
(READ ONLY) (DCD) (DDCD) (TERI) (DDSR) (DCTS) 

SCRATCH SCR 0111 BIT7 BIT 6 BIT 5 BIT4 BIT3 BIT2 BIT 1 BITO REGISTER 

DIVISOR 0000 LATCH DLL DLAB -1 BIT7 BIT6 BIT5 BIT4 BIT3 BIT 2 BIT 1 BITO 
(LS) 

DIVISOR 0001 LATCH DLM DLAB -1 BIT 15 BIT14 BIT 13 BIT12 BIT 11 BIT 10 BIT9 BITS 
(MS) 

* In single-port mode (STNDLN pin = 1). all four address lines UA3-UAO are used to address the UART Control Registers. 

*In dual-port mode (STNDLN pin = 0). only three address lines UA2-UAO are used to address the UART Control Registers; 
the UA3 pin becomes the MA2 pin in this mode. 
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SSI73K222U 
Single-Chip Modem 
with UART 

MODEM CONTROL REGISTER OVERVIEW 

ADDRESS DATA BIT NUMBER 

STNDLN 

REGISTER 
0 1 

07 08 05 04 03 02 
MA2- ~~~ MAO 

CONTROL MODULATION MODULATION POWER CHARACTER CHARACTER 
REGISTER CRO 000 1000 

OPTION 
0 

MODE ON SIZE 1 SIZE 0 
0 (READ ONLY) (READ ONLy) 

CONTROL TRANSMIT TRANSMIT ENABLE BYPASS CLK REGISTER CR1 001 1001 PATIERN PATTERN DETECT SCRAMBLE CONTROL 
RESET 

1 1 0 INTERRUPT 

DETECT DEVICE DEVICE RECEIVE UNSCR. CARRIER ANSWER 

REGISTER 
OR 010 1010 SIGNATURE SIGNATURE DATA MARK DETECT TONE 

1 0 DETECT DETECT 

TONE RXDlTXD TRANSMIT TRANSMIT TRANSMIT DTMF DTMF CONTROL TONE 011 1011 
CONTROL GUARD ANSWER DTMF 3 2 REGISTER TONE TONE 

CONTROL 
REGISTER CR2 100 1100 RESERVED FOR FUTURE USE 

2 

CONTROL SPEAKER SPEAKER 
REGISTER CR3 101 1101 VOLUME VOLUME OFF-HOOK X X X 

3 1 0 

SCRATCH SCR 110 1110 BIT7 BIT6 BIT5 BIT4 BIT3 BIT 2 REGISTER 

UART REOUEST DATA RING DATA 

CONTROL UCR 111 1111 TXCLK X TO SEND TERM. READY INDICATOR CARRIER 

REGISTER 
(READ ONLY) 

(RE~~~~LYI (RE~~T~LYl (RI) DETECT (DCD) 

1-88 

01 DO 

TRANSMIT ORIGINATE! 
ENABLE ANSWER 

TEST TEST 
MODE MODE 

1 0 

CALL LONG 
PROGRESS LOOP 

DETECT DETECT 

DTMF DTMFO 
1 GUARDIANS. 

TONE 

X X 

BIT 1 BIT 0 

DATA CLEAR 
SET TO 

~~~i fc~~ 
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SSI73K222U 
Single-Chip Modem 

with UART 

UART REGISTER BIT DESCRIPTIONS 'if4dfB5it.]§1 
RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
STNDLN: 0 1 
ADDRESS: UA2 - UAO = 000, DLAB = 0 UA3 - UAO = 0000, DLAB = 0 

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

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

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

INTERRUPT ENABLE REGISTER (IER) 
STNDLN: 0 1 
ADDRESS: UA2 - UAO = 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. It is possible to totally disable the interrupt system by resetting bits 0 through 3 olthe 
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) INTRPToutputfromthechip. All other system functions operate intheirnormal 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 82S0Al164S0 1/0 Set for compatibility with 82S0Al16C450 UARTS. 
Reset this bit to disable the gating of the INTRPT 
interrupt line with the DISTR signal which is 
needed for 82S0B compatibility. 

DS-D7 Not Used 0 These three bits are always logic O. 
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SSI73K222U 
. Single-Chip Modem 
with UART 

INTERRUPT 10 REGISTER (IIR) (READ ONLY) UART SECTION 
STNDLN: 0 1 
ADDRESS: UA2 - UAO = 010 UA3 - UAO = 0010 

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

BIT NO. NAME CONDITION DESCRIPTION 

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

1 When bit 0 is a logic 1 , no interrupt is pending. 

01,02 Interrupt 10 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. 

03 - 07 Not Used 0 These five bits of the IIR are always logic O. 

INTERRUPT PRIORITY TABLE 

02 01 DO PRIORITY TYPE SOURCE RESET 

0 0 1 - None None -
1 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 Rcvr. 
Available Available Buffer Register 

0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register 
Register Empty Register Empty (if source of interrupt) 

or Writing to Transmit 
Holding Register 

0 0 0 Fourth Modem Status Clear to Send or Reading the Modem 
Data Set Ready or Status Register 
Ring Indicator or 
Data Carrier Det. 
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LINE CONTROL REGISTER (LCR) 
STNDLN: 0 
ADDRESS: UA2 • UAO = 011 

1 
UA3 • UAO = 0011 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 

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 01 select the number of data bits per 
character as shown: 

01 Word Length Select 1 01 DO Word Length 

0 0 5 bits 

0 1 6 bits 

1 0 7 bits 

1 1 a bits 

02 Number of Stop Bits o or 1 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. If bit 2 is a 
logic 1 when a 5-bit word length is selected via bits 
o and 1 , one-and-a-haH stop bits are generated. If 
bit 2 is a logic 1 when either a 6, 7, or a-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. 

03 Parity Enable 1 This bit is the 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). 

04 Even Parity Select 10rO 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. When bit 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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SSI73K222U 
Single-Chip Modem 
with UART 

LINE CONTROL REGISTER (LCR) (Continued) 

BIT NO. NAME CONDITION 

D5 Stick Parity 10rO 

D5 D4 

0 0 

0 1 

1 0 

1 1 

D6 Set Break 1 

D7 Divisor Latch Access 1 
Bit (DLAB) 

UART SECTION 

DESCRIPTION 

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 H bit 4 is a logic O. 

Parity 

ODD Parity 

EVEN Parity 

MARK Parity 

SPACE Parity 

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 extended to 2 N + 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. 

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

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

1. Load an all O's pad character in response to THRE. 

2. Set break in response to the next THRE. 

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

During the break, the Transmitter can be used as a character timer to accurately establish the 
break duration. 
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MODEM CONTROL REGISTER (MCR) 
STNDLN: 0 1 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 

ADDRESS: UA2-UAO=100 UA3 - UAO = 0100 

The MCR register controls the interface with the modem. Bits 01 and DO are also available as read only bits 
in the UART Control Register in the Modem Registers. In single-port mode, bits 01 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 O. When bit 0 is reset to 
a logic 0, the DTR output is forced to a logic 1. 

01 RTS 1 This bit controls the Request to Send (RTS) output. 
When bit 1 is setto a logic 1 , the RTSoutput is forced 
toalogicO. When bit 1 is resetto a logic 0, the RTS 
output is forced to a logic 1 . 

02 IlPRST* 1 In single-port mode inactive unless loop == 1, 
(OUT1 in 16C4S0) then functions as below (04). In dual-port mode 

the IlPRST pin is the logical OR of this bit and the 
RESET pin. 

03 Enable Interrupt 0 Sets INTRPT pin to high impedance if 
(OUT2 in 16C4S0) STNDLN == 1. 

1 INTRPT output enabled. 

04 LOOP 1 This bit provides a localloopback feature for diag-
nostic testing of the UART portion of the 
SSI 73K222U. When bit 04 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 
UARTsignals RTS, DTR, Enable Interrupt, and 
IlPRST are forced inactive. 

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

DS- 07 0 These bits are permanently set to logic O. 

* Note: The )J.PRST bit has an upgraded function which was not included in the initial definition of the SSI 73K222U. 
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SSI73K222U 
Single-Chip Modem 
with UART 

LINE STATUS REGISTER (LSR) 
STNDLN: 0 
ADDRESS: UA2· UAO = 101 

1 
UART SECTION 

UA3· UAO = 0101 

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

BIT NO. NAME CONDITION DESCRIPTION 

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

01 OE 1 The Overrun Error (OE) bit indicates that the data 
in the Receiver Buffer Registerwas not read by the 
CPU before the next character 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. 

02 PE 1 The Parity Error (PE) bit indicates that the received 
character did not have the correct parity. The bit is 
reset to Owheneverthe CPU reads the Line Status 
Register. 

03 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 OPSK receive from the 
modem due to the fact that missing stop bits are 
reinserted. 

04 BI 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 OPSK mode from the modem. The BI 
bit is reset to 0 whenever the CPU reads the Line 
Status Register. 

05 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. 

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

07 0 Always zero. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 

SSI73K222U 
Single-Chip Modem 

with UART 

UART SECTION 
STNDLN: 0 1 
ADDRESS: UA2 - UAO = 110 UA3 - UAO = 0110 

This register provides the current state of the control signals from the modem. In addition, four bits provide 
change information. The CTS, DSR, DCD, and RI signals come from the UART Control Register if 
STNDLN = 0 and from the CTS, DSR, DCD andRi pins (inverted) if STNDLN = 1. This register is 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, RI and DCD are taken from RTS, DTR, ~PRST, and Enable Interrupt 
in the Modem Control Register respectively. 

BIT NO. NAME CONDITION DESCRIPTION 

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

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

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

D3 DDCD 1 This bit is the Delta Data Carrier Detect (DDCD) 
indicator. Bit 3 indicates that the DCD input to the 
chip has changed state. 

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

D5 DSR 1 This bit is the complement of the Data Set Ready 
(DSR) input. If STN DLN = 0, this reflects the status 
ofthe UARTControl Register bit. If bit 40fthe MCR 
is set to a 1, this bit is the equivalent of DTR in the 
MCR. 

D6 RI 1 This bit is the complement of the Ring Indicator (RI) 
input. If STNDLN = 0, this reflects the status ofthe 
UART Control Register bit. If bit 4 ofthe MCR is set 
to a 1, this bit is equivalent to ~PRST 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 MCR is setto a 1, this bit is equivalentto Enable 
Interrupt in the MCR. 
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SSI73K222U 
Single-Chip Modem 
with UART 

SCRATCH REGISTER (SCR) 
STNDLN: 0 
ADDRESS: UA2 • UAO = 111 

, 

UART SECTION 
1 

UA3· UAO = 0111 

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

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

DIVISOR LATCH (Most significant byte) (DLM) 
STNDLN:O 
ADDRESS: UA2 • UAO = 001, DLAB = 1 

DIVISOR LATCH VALUE VS. DATA RATE 

1 
UA3 • UAO = 0000, DLAB = 1 

1 
UA3 • UAO = 0001, DLAB = 1 

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 intemal1 .8432M Hz 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 underthe control of bit 3 (03) olthe Modem Control Register 1. 
Upon loading either of the Divisor Latches the 16-bit device counter is immediately loaded, preventing long 
counts on initial load. The following table shows divisor values for common data rates. 

DESIRED DIVISOR USED % ERROR DESIRED DIVISOR USED % ERROR 
DATA RATE FOR 16x DATA GENERATED DATA RATE FOR 16 x DATA GENERATED 

RATE CLOCK RATE CLOCK 

50 ' 2304 4800 24 

75, 1536 7200 16 

110 ' 1047 9600 12 

134.5· 857 0.058 19200 6 

159· 768 38400 3 

300· 384 56000 2 2.86 

600· 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 1200BPS DPSK 
transmission. 

2400 48 

3600 32 
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MODEM REGISTER BIT DESCRIPTIONS 

CONTROL REGISTER (CRO) 
STNDLN: 0 1 

SSI73K222U 
Single-Chip Modem 

with UART 

ADDRESS: MA2 - MAO = 000 UA3 - UAO = 1000 

BIT NO. NAME CONDITION DESCRIPTION 

00 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). 

01 Transmit Enable 0 Oisables transmit output at TXA. 

1 Enables transmit output at TXA. 

NOTE: Answer tone and OTMF TX control require 
Transmit Enable. If Transmit Enable is on, call 
progress and answer tone detector interrupts are 
masked. 

02,03 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. 

03 02 Character length 

0 0 8-bit character 

0 1 9-bit character 

1 0 10-bit character 

1 1 11-bit character 

04 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. 

05 Modulation Mode 0 OPSK 

1 FSK 

06 Reserved 0 Must be written as zero. 

07 Modulation Option 0 OPSK: 1200 bills 

1 600 bills 

0 FSK: 103 mode 

1 V.21 mode 
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SSI73K222U 
Single-Chip Modem 
with UART 

CONTROL REGISTER (CR1) 
STNDLN: 0 1 

MODEM SECTION 

ADDRESS: MA2 - MAO = 001 UA3 - UAO = 1001 

BIT NO. NAME CONDITION DESCRIPTION 

DO,D1 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 forced low. 

1 0 Selects remote digitalloopback. Received data is 
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. Both transmit 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 (CRO, 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 pin output is selected to be 16xthe Data Rate 
set by the UART divisor latch. 

D4 Bypass Scrambler 0 Selects normal operation. DPSK data is passed 
through scrambler. 

1 Selects Scrambler Bypass. DPSK data is routed 
around scrambler in the transmit path. 
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CONTROL REGISTER (CR1) (Continued) 

BIT NO. NAME CONDITION 

05 Enable Detect 0 
Interrupt 

1 

06,07 Transmit Pattern 07 06 

0 0 

0 1 

1 0 

1 1 
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SSI73K222U 
Single-Chip Modem 

with UART 

MODEM SECTION 

DESCRIPTION 

Disables interrupts generated by Detect Register 
bits 01 - 04 at INT pin in dual-port mode, or at 
INTRPT pin in single-port mode. All interrupts 
normally disabled in power down modes. 

Enables interrupts generated by Detect Register 
bits 01 - 04 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 
01 - 04. 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. The interrupt is 
reset when the DR register is read. 

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

Selects an alternating mark/space transmit pattern 
for modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 



SSI73K222U 
Single-Chip Modem 
with UART 

DETECT REGISTER (DR) 
STNDLN: 0 1 

MODEM SECTION 

ADDRESS: MA2 - MAO = 010 UA3 - UAO = 1010 

BIT NO. NAME CONDITION DESCRIPTION 

DO Long Loop 0 Indicates normal received signal. 

1 Indicates low received signal level « -38 dBm). 

01 Call Progress Detect 0 No call progress tone detected. 

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-
width. 

02 Answer Tone Received 0 No answer tone detected. 

1 Indicates detection of 2225 Hz answer tone in Bell 
mode or 21 00 Hz in 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 sel. 

03 Carrier Detect 0 No carrier detected in the receive channel. 

1 Carrier has been detected in the receive channel. 

04 Unscrambled Marks 0 No unscrambled mark detected. 

1 Indicates detection of unscrambled marks in the 
received data. A valid indication requires that 
unscrambled marks be received for > 165.5 ± 
13.5 ms. 

05 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. 

06,07 07 06 Product Identified 

Device Signature 0,1 0 0 SSI73K212U 

0 1 SSI73K221U 

1 0 SSI73K222U 
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TONE CONTROL REGISTER (TONE) 

SSI73K222U 
Single-Chip Modem 

with UART 

MODEM SECTION 
STNDLN: 0 1 
ADDRESS: MA2· MAO = 011 UA3· UAO = 1011 

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

BIT NO. NAME CONDITION DESCRIPTION 

DO DTMF 0 I Answerl D6 D5 D4 DO DO interacts with bits D6, D5, and D4 as shown: 

Guard Tone X X 1 X Transmit DTMF tones. 

X 1 0 0 Select 2225Hz answer tone (Bell). 

X 1 0 1 Select 2100Hz answer tone (CCITT). 

1 0 0 0 Select 1800Hz guard tone. 

1 0 0 1 Select 550Hz guard tone. 

DO, D1, DTMF Table below Programs 1 of 16 DTMF tone pairs that will be 
D2,D3 transmitted when TX DTMF and TX enable bit 

(CRO, bit D1) is set. Tone encoding is shown 
below. 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 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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SSI73K222U 
Single-Chip Modem 
with UART 

TONE CONTROL REGISTER (TONE) (Continued) 

04 TXOTMF 0 

(Transmit OTMF) 1 

05 TXANS 05 DO 

(Transmit Answer Tone) 0 X 

1 0 

1 1 

06 TX Guard 0 

(Transmit Guard Tone) 1 

D7 RXDITXO Control STNDLN D7 

0 0 

1 0 

X 1 

CONTROL REGISTER (CR3) 
STNDLN: 0 1 

MODEM SECTION 

Disable OTMF. 

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

D5 interacts with bit DO as shown. 

Disables answer tone generator. 

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

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

Disables guard tone generator. 

Enables guard tone generator. (See 00 for selec-
tion of guard tones). 

Function is dependant on status of STNDLN pin. 

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

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

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

ADDRESS: MA2 - MAO = 101 UA3 - UAO = 1101 

SIT NO. NAME CONblTION DESCRIPTION 

DO - D4 Not Used Not presently used. 

D5 Off Hook 0 Relay driver open. 

1 Open drain driver pulling low. 

D6,D7 Speaker Volume 0, 1 D7 D6 Speaker volume control status. 

0 0 Speaker off 

0 1 -24dB 

1 0 -12dB 

1 1 OdB 
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SCRATCH REGISTER (SCR) 
STNDLN: 0 1 

SSI73K222U 
Single-Chip Modem 

with UART 

ADDRESS: MA2· MAO = 110 UA3· UAO = 1110 

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

UART CONTROL REGISTER (UCR) 
STNDLN: 0 1 
ADDRESS: MA2· MAO = 111 UA3· UAO = 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 

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

01 OSR 1 

02 OCO 1 In the single-port mode, 00 - 03 are ignored and 
the information for the Modem Status Register 
comes directly from the external pins. 

03 RI 1 

D4 OTR 1 

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

06 Not Used 

07 TXCLK Clock TXCLK is the clock that the UART puts out with 
TXO. The falling edge of TXCLK is coincident with 
the transitions of data on TXO. 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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SSI73K222U 
Single-Chip Modem 
with UART 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
TA = -40°C to 85°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETER RATING 

VDD Supply Voltage 7 

Storage Temperature -65 to 150 

Soldering Temperature (10 sec.) 260 

Applied VoHage -0.3 to VDD +0.3 

UNIT 

V 

°C 

°C 

V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

VDD, Supply Voltage 4.5 5 5.5 V 

TA, Operating Free-Air 
Temperature -40 85 °C 

External Component (Refer to application drawing for placement.) 

VREF Bypass Capacitor· (VREF to GND) 0.1 (.1F 

Bias Setting Resistor' (Placed between VDD 
and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass Capacitor' ISET pin to GND 0.1 JlF 

VDD Bypass Capacitor. (VDDto GND) 0.1 JlF 

XTL 1 Load Capacitor From pin to GND 40 pF 

XTL2 Load Capacitor From pin to GND 20 pF 

Input Clock Variation (11.0592 MHz) -0.01 +0.01 % 

Hybrid Loading 

R1 See Figure 3 600 Q 

R2 600 Q 

C TXA Hybrid Loading 0.033 ~F 
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 

100, Supply Current 

IDDA, Active ISET Resistor = 2Mn 

IDDA, Active ISET= GND 

IDD1, Power-Down ClK = 11.0592MHz 

IDD2, Power-Down ClK = 19.200KHz 

Digital Inputs 

Input High Current IIH VI =VDD 

Input low Current III VI=O 

Input low Voltage Vil 

Input High Voltage VIH Except RESET & XTl1 

Input High Voltage VIH RESET & XTl1 

Pull Down Current RESET PIN 

Input Capacitance 

Digital Outputs 

Output High Voltage VOH IOUT=-1 rnA 

VOL UDO-UD7 and INTRPT lOUT = 3.2 rnA 

VOL other outputs IOUT= 1.6 rnA 

ClK Output VOL IOUT=3.2mA 

OH Output VOL lOUT = 20 rnA 

OH Output VOL lOUT = 10 rnA 

Offstate Current INTRPT pin VO=OV 

capacitance 

Inputs Input Capacitance 

ClK Maximum capacitive load to pin 

Analog Pins 

RXA Input Resistance 

RXA Input Capacitance 
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MIN 

-200 

2.0 

3.0 

5 

2.4 

-20 

SSI73K222U 
Single-Chip Modem 

with UART 

NOM MAX UNIT 

8 12 rnA 

8 15 rnA 

3 4 rnA 

2 3 rnA 

100 ~ 

~ 
0.8 V 

V 

V 

30 ~ 
10 pF 

VDD V 

0.4 V 

0.4 V 

0.6 V 

1.0 V 

0.5 V 

20 ~ 

10 pF 

15 pF 

200 Kn 

25 pF 



SSI73K222U 
Single-Chip Modem 
with UART 

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

PARAMETERS CONDITIONS 

DPSK Modulator 

Carrier Suppression Measured at TXA 

Output Amplitude ANS TONE 2225 or 2100 Hz 

DPSK TX Scrambled Marks 

FSK Dotting Pattern 

FSK Tone Error Bell 103 or V.21 

DTMF Generator 

Freq. Accuracy 

Output Amplitude Low Band, not in V.21 mode 

Output Amplitude High Band, not in V.21 mode 

Long Loop Detect. DPSKor FSK 

Demodulator 
Dynamic Range DPSKorFSK 

can Progress Detector 

Detect Level 2-Tones in 350-600Hz Band 

Reject Level 2-Tones in 350-600Hz Band 

Delay Time -70dBmO to -30dBmO Step 

Hold Time -30dBmO to -70dBmO Step 

Hysteresis 

carrier Detect DPSK or FSK Receive 

Threshold Data 

Delay Time -70 dBmO to -30 dBmO Step 

Hysteresis 

Hold Time -30 dBmO to -70 dBmO Step 

Answer Tone Detector 

Detect Level Threshold In FSKmode 

Delay Time -70dBmO to -30dBmO STEP 

Hold Time -30dBmO to -70dBmO STEP 

Detect Frequency Range 

MIN 

55 

-11 

-11 

-11 

-.25 

-10 

-8 

-40 

-39 

27 

27 

2 

-49 

15 

2 

10 

-49.5 

20 

10 

-2.5 

NOM MAX· UNIT 

dB 

-10.0 -9 dBmO-

-10.0 -9 dBmO 

-10.0 -9 dBmO 

±5 Hz 

.25 % 

-9 -8 dBmO 

-7 -6 dBmO 

-32 . dBmO 

45 dB 

0 dBmO 

-46 dBmO 

80 ms 

80 ms 

dB 

-42 dBmO 

45 ms 

3.0 dB 

24 ms 

-42 dBmO 

45 ms 

30 ms 

+2.5 % 

1. All units in dBmO are measured at the line input to the transformer. The interface circuit inserts an 8 dB 
loss in the transmit path (TXA1 - TXA2 to line), and a 3dB loss in the receive path (line to RXA). 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Speaker Output 

Gain Error 

Output Swing SPKR 1 OKII50pF LOAD 5% THD 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +1 OHz Carrier 
Frequency change assumed 

Recovered Clock 

Capture Range % of Center Frequency 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin. 

Guard Tone Generator 

Tone Accuracy 550 or 1800Hz 

Tone Level 550HZ 

(Below DPSK Output) 1800HZ 

Harmonic Distortion 700 to 2900HZ 

SERIAL BUS INTERFACE (See Figure 4) 
The following times are for CL = 100pF. 

PARAMETER 

TRD Data out from Read 

TCKD Data out after Clock 

TRDF Data Float after Read 

TRCK Clock High after Read 

TWW Write Width 

TDCK Data Setup Before Clock 

TCKH Data Hold after Clock 

TCKW Write after Clock 

TACR Address setup before Control I 

TCAR Address Hold after Control I 

TACW Address setup before Write 

TCAW Address Hold after Write 

1. Control is later of falling edge of RD or DCLK. 
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MIN 

-1 

2.75 

-10 

-625 

-20 

-4.0 

-7.0 

MIN 

0 

0 

200 

140 

150 

20 

150 

50 

50 

50 

50 

SSI73K222U 
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NOM MAX UNIT 

+1 dB 

VP 

10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 

+20 Hz 

-3.0 -2.0 dB 

-6.0 -5.0 dB 

-60 dB 

NOM MAX UNIT 

140 ns 

200 ns 

200 ns 

ns 

10000 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



SSI73K222U 
Single-Chip Modem 
with UART 

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

PARAMETER MIN MAX MIN MAX 

Dual-Port Mode Single-Port Mode 

RC Read Cycle = TAD + TRC 240 340 

TOIW DISTRWidth 80 80 

TODD Delay DISTR to Data (read time) 80 80 

THZ DISTR to Floating Data Delay 0 50 0 50 

TRA Address Hold after DISTR 20 20 

TRCS Chip select hold after DISTR 20 20-

TAR DISTR Delay after Address 20 20 

TCSR DISTR Delay after Chip Select 20 20 

WC Write Cycle = TAW + TDOW + TWC 140 140 

TOOW DOSTRWidth 80 80 

TOS Data Setup 30 50 

TOH Data Hold 20 20 

TWA Address Hold after DOSTR 20 20 

TWCS Chip select hold after DOSTR 20 20 

TAW DOSTR delay after Address 20 20 

TCSW DOSTR delay after Chip Select 20 20 

TAOS Address Strobe Width 40 

TAS Address Setup Time 30 

TAH Address Hold Time 0 

TCS Chip Select Setup Time 30 

TCH Chip Select Hold Time 0 

TRC Read Cycle Delay 40 40 

TWC Write Cycle Delay 40 40 

TAD Address to Read Data 200 300 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
nOs 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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1:1 (Nominal Telephone 
Une Impedance) 

TA Hybrid Loading 
Analog Interface Hybrid Loading 

FIGURE 3: TXA Hybrid Loading Analog Interface Hybrid Loading 
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FIGURE 4: Modem Serial Bus Timing 
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~ 
(STNDLN=l) 

ADDRESS 
UA2 (UAS)-UAO 

DATA 
UD7-UDO 

FIGURE 5: UART Bus Timing 
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TYPICAL PERFORMANCE CHARACTERISTICS 

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

10" 

w 

~ 
a: 
~ 10" 
a: w 
I:: 
III 

10-5 

10" 
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BER vs SIN 

This test measures the ability ofthe 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 Iowa SIN 
ratio as possible. Optimum performance is shown by 
curves that are closest to the zero axis. A narrow 
spread between curves for the four line conditions 
indicates minimal variation in performance when oper
ating over a range of line qualities and is typical of high 
performance adaptive equalization receivers. High 
band receive data is typically better than low band due 
to the inherent design of PSK modems. 
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SSI73K222U 
Single-Chip Modem 
with UART 

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. 
SIN 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 parameter indicates howthe modem performance 
is impacted by frequency shifts encountered in normal 
PSTN operation. Flat curves show no performance 
degradation from frequency offsets. The SSI K-Series 
devices use a 2nd order carrier tracking phase-Iocked
loop, which is insensitive to carrier offsets in excess of 
10Hz. The Bell network specifications allow as much 
as 7Hz offset, and the CCID specifications require 
modems to operate with 7Hz of offset. 

APPLICATION 

The SSI73K222U includes additional circuitry to greatly 
simplify integral modem designs in either of two differ
ent configurations. The single-port mode represents 
the most efficient implementation for an integral mo
dem. Figure 9 shows a typical schematic using this 
mode. In this configuration, the SSI 73K222U trans
fers data and commands through the single parallel 
port_ All modem control is provided by the main CPU, 
eliminating the need for an external microcontroller 
and supporting components. The SSI 73K222U is 
unique in that access to both the UART and modem 
sections is possible through the UART port. Also 
shown is a separate serial port, which can be used 
independent of the modem function when the modem 

SSI73K222U 
BER vs CARRIER OFFSET 

J HIGH BAND RECEIVE }-DPSK OPERATION 
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~ I--10-5 

l- f- t\: b--- l- t"'"" 
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10" 
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SIGNAL TO NOISE (dB) 

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 73K222 U's ability to operate from a 
single +5 voH 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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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

fl"TS)/lNT 

TXAt 

RESET 

~IOCLK 

(UA3)JMA2 

/lSRj I MAt 

~)/MAO 

STNDLN 

RXA 

SPKR 

VREF 

GND 

600·MII 
40·Pin DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

881 73K222U 

VDD 

UAO 

UAt 

UA2 

UD7 

UD6 

UD5 

UD4 

UD3 

UD2 

UDI 

UD. 

WR"I (NIC) 

XTLI 

XTl2 

W/iQl"Si 

DATAl PTR) 

CLK 

40-Pin Plastic Dual-In-Line 

44-Pin Plastic Leaded Chip Carrier 

SSI73K222U 
Single-Chip Modem 

with UART 

Parentheses indicate single-port mode. 

INTRPT 7 

RXD • 

TXD • 

(Rl)/""RST I. 
ISET It 

RESET I. 
~/DCLK 13 

(UJ\3)/MA2 I. 
psR)/MA' I. 
~/MAD I. 

• • • 3 • t 

o 
44 ~ 42 41 40 

3. llOSTR" 

38 rnsm 
37 UD7 

38 UD6 

35 UDs 

34 UD4 

33 UD3 

3. UD2 

31 UD, 

30 UDO 

STNDLN 17 29 NIC 

ORDER NO. 

881 73K222U - IP 

881 73K222U - IH 

44·lead 
PlCC 

PKG.MARK 

73K222U -IP 

73K222U -IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, 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. 
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SSI73K224L 
V.22 bis/V.221V.21 , 

Bell 212A/1 03 
Single-Chip Modem 

July, 1990 

DESCRIPTION FEATURES 

The SSI 73K224L is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a V.22 bis compatible modem, capable of 
2400 bitls 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.22 bis, 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 orvia an optional 
serial control bus. An ALE control line simplifies 
address demuHiplexing. Data communications nor
mally occur through a separate serial port. The 
SSI 73K224L is pin and software compatible with the 
SSI 73K212L and SSI 73K222L single-chip modem 
ICs, allowing system upgrades with a single compo
nent change. 

The SSI73K224L operates from a single +5 volt supply 
for low power consumption. 

The SSI73K224L is idealforuse in either free-standing 
or integral system modem products where full-duplex 

(Continued) 

One-chlp multi-mode V.22 blS/V.221V.21 and 
Bell 212A1103 compatible modem data pump 
FSK (300 bltls), DPSK (600, 1200 bltls), or CAM 
(2400 bltls) encoding 
Pin and software compatible with other 
551 K-Serles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Parallel microprocessor bus (28-pin DIP, 32- and 44-
pin PLCC) for control 
Selectable asynch/synch with internal buffer/de
buffer and scrambler/descrambler functions 
All synchronous and asynchronous operating 
modes (Internal, external, slave) 
Adaptive equalization for optimum performance 
over all lines 
Programmable transmit attenuation (16 dB, 1 dB 
steps), selectable receive boost (+12 dB) 
Call progress, carrier, answer tone, unscrambled 
mark, 51, and signal quality monitors . 
DTMF, answer and guard tone generators 

Test modes available: ALB, DL, RDL, Mark, Space, 
Alternating bit, 51 pattern 
CMOS· technology for low power consumption 
(125 mW @ 5V) with power-down mode (30 mW 
@5V) 
TTL and CMOS compatible Inputs and outputs 

BLOCK DIAGRAM 
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SSI73K224L 
V.22 bisN.221V.21 , Bell 212A/1 03 
Single-Chip Modem 

DESCRIPTION (Continued) 

2400 biUs 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. 

TheSSI73K224L is designed to be a complete V.22bis 
compatible modem on a chip. The complete modem 
requires only the addition ofthe phone line interface, a 
control microprocessor, and RS-232levelconverterfor 
a typical system. Many functions were included to 
simplify implementation of typical modem designs. In 
addition to the basic 2400 biUs QAM, 600/1200 bit/s 
DPSK and 300 biUs 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 pattem detectors. V.22 bis, V.22, V.21 and Bell 
212A1103 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 band limited 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 
~qualization corrects for varying line conditions by 
automatically changing filter parameters to compen
sate for line characteristics. 

I)PSK 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 212A1V.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 
frequencies of 1270 and 1070 Hz (originate mark and 
space) and 2225 and 2025 Hz (answer mark and 
space) are used when this mode is selected. V.21 
mode uses 980 and 1180 Hz (originate, mark and 
space) or 1650 and 1850 Hz (answer, mark and 
space). Demodulation involves detecting the received 
frequencies and decoding them into the appropriate 
binary value. The rate converter and scrambler/ 
descrambler are bypassed in the FSK modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and 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 
at 600,1200, or 2400 biUs + 1 %, -2.5% even though the 
modem's output is limited to the nominal bit rate±.01 %. 
When transmitting in this mode the serial data on the 
TXD input is passed through a rate converter which 
inserts or deletes stop bits in the serial bit stream in 
order to output a signal that is the nominal bit rate 
±.01 %. This signal is then routed to a data scrambler 
and into the analog modulator where quad-biUdi-bit 
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encoding results in the output signal. Both the rate 
converter and scrambler can be bypassed for hand
shaking, FSK, and synchronous operation as selected. 
The device recognizes a break signal and handles it in 
accordance with Bell 212A specifications. Received 
data is processed in a similar fashion except that the 
rate converter now acts to reinsert any deleted stop bits 
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 incor
rectly inserting a stop bit. 

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

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

SYNCHRONOUS MODE 

Synchronous operation is possible only in the QAM or 
DPSK modes. Operation is similar to that of the 
asynchronous mode exceptthat data must be synchro
nized to a provided clock and no variation in data 
transfer rate is allowable. Serial input data appearing 
at TXD must be valid on the rising edge of TXCLK. 

SSI73K224L 
V.22 bis/V.22/V.21 , Bell 212A/103 

Single-Chip Modem 

TXCLK is an internally derived 1200 or 2400 Hz signal 
in internal mode and is connected internally to the 
RXCLK pin in slave mode. Receive data atthe RXD pin 
is clocked out on the falling edge of RXCLK. The 
asynch/synch converter is bypassed when synchro
nous mode is selected and data is transmitted at the 
same rate as it is input. 

PARALLEL BUS INTERFACE 

Seven 8-bit registers are provided for control, option 
select, and status monitoring. These registers are 
addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as seven consecutive memory loca
tions. Five control registers are readlwrite memory. 
The detect and 10 registers are read only and cannot 
be modified except by modem response to monitored 
parameters. 

DTMF GENERATOR 

The DTMF generator will output one of 16 standard 
tone pairs determined by a 4-bit binary value and the 
TX DTMF mode bit previously loaded into the tone 
register. Transmission of DTMFtones is initiated when 
the DTMF mode is selected and the transmit enable 
(CRO bit 01) is changed from 0 to 1. 
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SSI73K224L 
V.22 bisN.221V.21, Bell 212A/1 03 
Single-Chip Modem 

PIN DESCRIPTION 

POWER 

NAME 28-PIN 32-PIN 

GND 28 32 

VDD 15 17 

VREF 26 30 

ISET 24 27 

44-PIN TYPE 

44 I 

23 I 

42 a 

36 I 

PARALLEL MICROPROCESSOR INTERFACE 

NAME 28-PIN 32-PIN 44-PIN TYPE 

ALE 12 14 20 I 

ADO- 4-11 4,6-12 4,9-15 va 
AD7 

CS 20 23 32 I 

ClK 1 1 1 a 

INT 17 19 25 a 

RD 14 16 22 I 

RESET 25 28 37 I 

WR 13 15 21 I 

DESCRIPTION 

System Ground. 

Power supply input, 5V -5% +10%. Bypass with .111F and 2211F 
capacitors to GND. 

An internally generated reference voltage. Bypass with .1 I1F 
capacitor to GND. 

Chip current reference. Sets bias currentfor op-amps. The chip 
current is set by connecting this pin to VDD through a 2 Mn 
resistor. Iset should be bypassed to GND with a.1 I1F capacitor. 

DESCRIPTION 

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

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

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

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 QAMlDPSK 
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 mustthen read the detect register to determine which 
detect triggered the interrupt. iiiIT will stay active until the pro-
cessor 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. All control register bits (CRO, CR1, CR2, CR3, 
Tone) will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits power 
on reset using a capacitor to VDD. 

Write. A low on this informs the SSI 73K224l that data is 
available on ADO-AD7 for writing into an internal register. Data 
is latched on the rising edge ofWR. No data is written unless both 
WR and the latched CS are active (low). 

Note: The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this configuration AD7 
becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, respectively. 
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DTE USER INTERFACE 
i I I I 

NAME 28-PIN 32-PIN 44-PIN TYPE 

EXCLK 19 22 31 I 

RXCLK 23 26 35 0 

RXD 22 25 34 0 

TXCLK 18 20 26 0 

TXD 21 24 33 I 

ANALOG INTERFACE AND OSCILLATOR 

NAME 28-PIN 32-PIN 44-PIN TYPE 

RXA 27 32 43 I 

TXA 16 18 24 0 

XTL1 2 2 2 I 
XTL2 3 3 3 I 

0790 - rev. 
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SSI73K224L 
V.22 bis/V.221V.21, Bell 212A11 03 

Single-Chip Modem 

i 
DESCRIPTION 

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

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

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. 

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

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 (24001 
1200/600 bitls or 300 baud) no clocking is necessary. DPSK 
data must be +1%, -2.5% or +2.3%, -2.5 % in extended 
overspeed mode. 

DESCRIPTION 

Received modulated analog signal input from the phone line. 

Transmit analog output to the phone line. 

These pins are for the internal crystal oscillator requiring a 
11.0592 MHz parallel mode crystal. Two capacitors from these 
pins to ground are also required for proper crystal operation. 
Consult crystal manufacturer for proper values. XTL2 can also 
be driven from an external clock. 
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SSI73K224L 
V.22 bisN.221V.21, Bell 212A11 03 
Single-Chip Modem 

REGISTER DESCRIPTIONS 

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

REGISTER BIT SUMMARY 

CRG -
CONTROL TRANSMIT TRANSMIT ENABLE 
REGISTER CRI 001 PATTERN PATTERN DETECT 

1 1 0 INTERRUPT 

DETECT RECBVE PATTERN RECEIVE 
REGISTER DR 010 LEVEL BIDET DATA 

TONE RXD TRANSI8T TRANSIIT 
CONTROL TR 011 OUTPUT GUARD ANSWER 
REGISTER CONTROL TONE TONE 

CONTROL SPECIAL CALL REGISTER CA2 100 REGISTER 
2 ACCESS 

INITIAUZE 

CONTROL TXlRX 
REGISTER CRa 101 TXDALT CLOCK 

3 CONTROL 

SPECIAL 
REGISTER SR 101 TXBAUD RXUNSeR. 

CLOCK DATA 

ID 
REGISTER ID 110 

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

the SSI 73K224L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con
trols the DTM F generator, answer and guard tones 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 IDwhich are read only. Registercontrol and 
status bits are identified below: 

SCRAMBLER CLK TEBT TEBT 
CONTROL RESET MODE MODE 

1 0 

UNSeR. SPECIAL CALL 
MARK CARRIER TONE PROGRESS SIGNAL 

DETECT QUAUTY 
DETECT DETECT DETECT 

DTMFll 
TRANSMIT DTMF3 DTMFl! EXTENDED 

DTMF OVERSPEED 

TRANSI8T 
16 WAY 

RESET TRAIN 
81 DSP INIIBIT 

RECBVE TRANSMIT TRANSMIT TRANSI8T 
GAIN ATTEN. ATTEN. ATTEN. 

BOOST a 2 1 

TXD sa sa 
SOURCE SELECT 1 SELECT 0 
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REGISTER ADDRESS TABLE 

REGtsTER D7 

OAM: 0=2400BlTIS 
DPSK.: 0..12OOBITIS 

I=600BITIS 
FSK: 0=-103 MODE 

1",Volt 

AlTERNATE 
TRANSMIT 
DATA 
SOUllCE 

SSI73K224L 
V.22 bisN.22/V.21, Bell 212A/1 03 

Single-Chip Modem 

DATA aT NUIIBER 

DO DIi DC D:I 

~~~ ----------------~ 
OOIO .. EXTSYNCH 
001 t.;SLAVESYNCH 
OtOO--ASYCHaBITSICHAR 
OIOI=ASYCH OBITSICHAR 
OI10=ASYCH tOBITSICHAR 
01 I I=ASYCH 'I DITSICHAR 
ll00=fSK 

O=ACCESS CRl O=DSP IN O::HORMAl O=RX-TX o",DSP 
1 ",ACCESS DEMOD MODE DOT'rIIIG 

SPECIAL I=OSP IN CALL I",SI 
REGtsTER PROGRESS 

MOD. 

,=RX=16 WAY NACTIVE 
1=DSP 

Acnve 

., 

O:ADAPTEO 
ACTIVE 

':ADAPTEa 
FROZEN 

DO 

O=laooHzG.T. 
2225 Hz ANS TOOE 
GENERATED. 

1",550 Hz G.T. 
2100 Hz ANS ra..e 
GENERATED & 
DETECTED (V.21. Y.22) 

OJ.DAPTeo 
IN~IT 

h,ADAPTEQ 
a< TO ADAPT 

o.clOCl( 
DRIVEN 

1=ClOCK 
TRISTATE 

~:~:O~T '----- ~~~~NUATOR---------' 
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SSI73K224L 
V.22 bisN.221V.21, Bell 212A/1 03 
Single-Chip Modem 

CONTROL REGISTER 0 

07 06 05 04 

CRO MOOUL. MOOUL. MOOUL. TRANSMIT 
000 OPTION TYPE 1 TYPE 0 MOOE2 

BIT NO. NAME CONDITION 

00 Answer/ 0 
Originate 

1 

01 Transmit 0 
Enable 1 

05 04 03 02 
05,04, Transmit 0 0 0 0 
03,02 Mode 

0 0 0 1 

0 0 1 0 

0 0 1 1 

0 1 0 0 

0 1 0 1 

0 1 1 0 

0 1 1 1 

1 1 0 0 

0605 
06,05 Modulation 1 0 

Type 0 0 

0 1 

03 02 01 00 

TRANSMIT TRANSMIT TRANSMIT ANSWER/ 
MOOE1 MOOEO ENABLE ORIGINATE 

DESCRIPTION 

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

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

Oisables transmit output at TXA. 

Enables transmit output at TXA. 
Note: Transmit Enable must be set to 1 to allow 
activation of Answer Tone or OTMF. 

Selects power down mode. All functions 
disabled except digital interface. 

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

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

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

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

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

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

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

Selects FSK operation. 

QAM 

OPSK 

FSK 
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CONTROL REGISTER 0 (Continued) 
i i i i 

D7 D6 D5 D4 
i 

SSI73K224L 
V.22 bisN.22N.21, Bell 212A/1 03 

Single-Chip Modem 

i i , 
D3 D2 D1 DO 

CRO MODUL. MODUL. MODUL. TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 
000 OPTION TYPE 1 TYPE 0 MODE2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

D7 Modulation 0 QAM selects 2400 bps. DPSK selects 1200 bps. 
Option FSK selects 103 mode. 

1 DPSK selects 600 bps. 
FSK selects V.21 mode. 

CONTROL REGISTER 1 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB CONTROL RESET MODE MODE 
001 1 0 INT. 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

D1 DO 

D1,DO Test Mode 0 0 Selects normal operating mode. 

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

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

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

D2 Reset 0 Selects nonnal operation. 

1 Resets modem to power down state. All control 
register bits (CRO, CR1, CR2, CR3andTone) are reset 
to zero except CR3 bit D2. The output of the clock pin 
will be set to the crystal frequency. 

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

1 Selects 16 X the data rate, output at ClK pin in DPSK/ 
QAM modes only. 
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Single-Chip Modem 

CONTROL REGISTER 1 (Continued) 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATTERN PATTERN DETECT SCRAMB CONTROL RESET MODE MODE 
001 1 0 INT. 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

D4 Bypass 0 Selects nonnal 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. All interrupts are 
Interrupt normally disabled in power down modes. 

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

D7 D6 

D7,D6 Transmit 0 0 Selects nonnal data transmission as controlled 
Pattern by the state of the TXD pin. 

0 1 Selects an aHernating mark/space transmit pattern for 
modem testing and handshaking. Also used for S1 
pattern generation. See CR2 bit D4. 

1 0 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. 

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

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) , i i i 

D7 D6 D5 

DR RECEIVE S1 RECEIVE 
010 LEVEL PAnERN DATA 

INDICATOR DETECT 

BIT NO. NAME CONDITION 

D2 Answer Tone 0 
Received 1 

D3 0 

1 

D4 Unscrambled 0 
Mark 1 

D5 Receive 
Data 

D6 S1 Pattern 0 
Detect 1 

D7 Receive Level 0 

1 

TONE REGISTER 

D7 D6 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

D6 D5 D4 DO 

DO DTMFO! X X 1 X 
Answer! X 

Guard Tone 
1 0 0 

X 1 0 1 
(Continued) 
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V.22 bisN.22/V.21, Bell 212A1103 

Single-Chip Modem 

i i i , 
D4 D3 D2 D1 DO 

UNSCR. CARR. ANSWER CALL SIGNAL 
MARK DETECT TONE PROG. QUALIlY 

DETECT DETECT INDICATOR 

DESCRIPTION 

No answer tone detected. 

Indicates detection of 2225 Hz answer tone in Bell 
mode (TR bit DO=O) or 2100 Hz if in cCln mode (TR 
bit DO=1). The device must be in originate mode for 
detection of answer tone. 

No carrier detected in the receive channel. 

Indicated carrier has been detected in the received 
channel. 

No unscrambled mark. 

Indicates detection of unscrambled marks in the 
received data. Should be time qualified by software. 

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. 

No S1 pattern being received. 

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

Received signal level below threshold, (= -21 
dBmO);can use receive gain boost (+12 dB). 

Received signal above threshold. 

D4 D3 D2 D1 DO 

TRANSMIT DTMF 1! DTMFO! 
DTMF DTMF3 DTMF2 EXTENDED ANSWER! 

OVER- GUARD 
SPEED 

DESCRIPTION 

DO interacts with bits D6, D5, and D4 as shown. 

Transmit DTMF tones. 

Select Bell mode answer tone. Interacts with DR bit D2 
and TR bit D5. 

Select cCln mode answer tone. Interacts with DR bit 
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 11 DTMFOI 
TR OUTPUT GUARD ANSWER DTMF DTMF3 DTMF2 EXTENDED ANSWER! 
011 CONTR. TONE TONE OVER- GUARD 

SPEED 

BIT NO. NAME CONDITION DESCRIPTION 

DO DTMFOI D6 D5 D4 DO DO interacts with bits D6, D5, and D4 as shown. 
Answerl 1 0 0 0 Select 1800 Hz guard tone. 

Guard Tone 
1 0 0 1 Select 550 Hz guard tone. 

D4 D1 D1 interacts with D4 as shown. 

D1 
DTMF 11 

0 0 Asynchronous QAM or DPSK +1.0% -2.5%. Extended 
Overspeed 0 1 Asynchronous QAM or DPSK +2.3% -2.5%. 

D3 D2 D1 DO 

D3, D2, DTMF3, 0 0 0 o - Programs 1 of 16 DTMF tone pairs that will be 
D1,DO 2,1,0 1 1 1 1 transmittedwhenTX DTMF andTX enable bit (CRO, bit 

D1) is set. Tone encoding is shown below: 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 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 TXDTMF 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. 
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TONE REGISTER (Continued) 

i i i i 

07 06 05 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

05 04 DO 

05 Transmit 0 0 X 
Answer Tone 1 0 0 

1 0 1 

06 Transmit 0 
Guard Tone 1 

07 RXD Output 0 
Control 1 

CONTROL REGISTER 2 

07 06 05 04 

SSI73K224L 
V.22 bis/V.22/V.21 , Bell 212A1103 

Single-Chip Modem 

i i i i 
04 03 02 01 DO 

TRANSMIT DTMF 11 DTMFOI 
DTMF DTMF3 DTMF2 OVER- ANSWER! 

SPEED GUARD 

DESCRIPTION 

05 interacts with bits 04 and DO as shown. Also 
interacts with DR bit 02 in originate mode. See Detect 
Register description. 

Disables answer tone generator. 

In answer mode, a Bell 2225 Hz tone is transmitted 
continuously when the Transmit Enable bit is sel. 

Likewise, a CCITT 21 00 Hz answer tone is transmitted. 

Disables guard tone generator. 

Enables guard tone generator. (See DO for selection 
of guard tones.) 

Enables RXD pin. Receive data will be output on RXD. 

Disables RXD pin. The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 

03 02 01 DO 

CR2 SPEC CALL TRANSMIT TRAIN EQUALIZER 
100 0 REG INIT S1 16 WAY RESET INHIBIT ENABLE 

ACCESS DSP 

BIT NO. NAME CONDITION DESCRIPTION 

DO Equalizer 0 The adaptive equalizer is in its initialized state. 
Enable 1 The adaptive equalizer is enabled. This signal is used 

in handshakes to control when the equalizer should 
calculate its coefficients. 

01 Train 0 The adaptive equalizer is active. 
Inhibit 1 The adaptive equalizer coefficients are frozen. 

D2 RESET DSP 0 The DSP is inactive and all variables are initialized. 

1 The DSP is running based on the mode set by other 
control bits 

D3 16 Way 0 The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode). 

1 The receiver, independent of the transmitter, is forced 
into a 16 point decision plane. Used for QAM hand-
shaking. 
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CONTROL REGISTER 2 (Continued) 

07 06 05 04 03 02 01 00 

CR2 SPEC CALL TRANSMIT RESET TRAIN EQUALIZER 
100 0 REG INIT S1 16WAY OSP INHIBIT ENABLE 

ACCESS 

BIT NO. NAME CONDITION DESCRIPTION 

04 Transmit 0 The transmitter when placed in QAM alternating mark/ 
space mode transmits 0101 ...... scrambled or not de-
pendent on the bypass scrambler bit. 

1 When this bit is 1 and only when the transmitter is 
placed in alternating mark/space mode by CR1 bits 07, 
06, an unscrambled rep.etitive double dibit pattern of 
00 and 11 at 1200 bitls (S1) is sent. 

05 Callinit 0 The OSP is setup to do demodulation and pattern 
detection based on the various mode bits. 

1 The OSP decodes both answer tone and call 
progress tones. 

06 SpeCial 0 Normal CR3 access. 
Register 1 Setting this bit and addressing CR3 allows access to 
Access the SPECIAL REGISTER. See the SPECIAL REG-

ISTER for details. 

07 Not used at 0 Only write zero to this bit. 
this time 

CONTROL REGISTER 3 

07 06 05 04 03 02 01 00 

CR3 RECEIVE TRANSMIT TRANSMIT TRANSMIT TRANSMIT 
101 0 0 0 ENABLE ATTEN. ATTEN. ATTEN. ATTEN. 

BOOST 3 2 1 0 

BIT NO. NAME CONDITION DESCRIPTION 

03 02 01 00 

03,02, Transmit 0 0 0 o - Sets the attenuation level of the transmitted signal 

01,00 Attenuator 1 1 1 1 in 1dB steps. The default (03-00=0100) is for a 
transmit level of -10 dBmO at the line with the recom-
mended hybrid transmit gain. The total range is 16 dB. 

04 Receive 0 12 dB receive front end boost is not used. 
Gain Boost 1 Boost is in the path. This boost does not change 

reference levels. It is used to extend dynamic range by 
compensating for internally generated noise when 
receiving weak signals. The receive level detect signal 
and knowledge of the hybrid and transmit attenuator 
setting will determine when boost should be enabled. 

07,06,05 Not used at 0 Only write zeros to these bits. 
this time 
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SPECIAL REGISTER 

D6 D5 

SR RXUN-
101 DSCR 

DATA 

SSI73K224L 
V.22 bisN.22N.21, Bell 212A11 03 

Single-Chip Modem 

D3 D2 D1 

SIGNAL SIGNAL 
QUALITY QUALITY 

LEVEL LEVEL 
SELECT1 SELECTO 

D6 TXBAUD CLK TXBAUD clock is the transmit baud-synchronous clock that can be used to 

D5 RXUNDSCR 
DATA 

D3 TXDSOURCE 

D2,D1 SIGNAL 
QUALITY 

LEVEL 
SELECT 

synchronize the input of arbitrary quadldi-bit patterns. The rising edge of 
TXBAUD signals the latching of a baud-worth of data internally. Synchronous 
data to be entered via the TXDAL T bit, CR3 bit D7, should have data 
transitions that start 1/2 bit from the TXBAUD clock edges. 

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

This bit selects the transmit data source; either the TXD pin if ZERO or the 
TXDALTHthisbitisaONE. TheTRANSMITPATIERNbitsD7andD6inCR1 
override either of these sources. 

The signal quality indicator is a logical ONE when the signal received is not 
acceptable for low error rate reception. It is determined by the value of the 
Mean Squared Error (MSE) calculated in the decisioning process when 
compared to 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 SQI bit will toggle at a 1.66 ms rate. 
Toggling will continue until the error rate indicates that the data pump has lost 
convergence and a retrain is required. At that point the SQI bit will be a ONE 
constantly. The SOl bit and threshold selection are valid for OAM and 
DPSKonly. 

10-4 BER 

NOTE: This register is "mapped" and is accessed by setting CR2 bit D6to 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-DO are read/write. To retum to normal CR3 access, CR2 bit D6 
must be retumed to a ZERO. 
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IDREGISTER 

ID 

BIT NO. 

D7 

ID 
2 

D7,D6,D5 

110 

NAME 

D6 

ID 
1 

Device 
Identification 

Signature 

D5 

ID 
o 

CONDITION 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply VoHage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

DESCRIPTION 

SSI73K224L 

RATING UNIT 

14 V 

-65 to 150 . °C 

260 °C 

-0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voHage 4.75 5 5.5 V 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.1 j.LF 

Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 Mel 

ISET Bypass capacitor (ISET pin to GND) 0.1 IlF 

VDD Bypass capacitor 1 (VDDto GND) 0.1 IlF 

VDD Bypass capacitor 2 (VDDto GND) 22 IlF 

XTL 1 Load Capacitance Depends on crystal requirements 40 pF 

XTL2 Load Capacitance Depends on crystal requirements 20 pF 

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

TA, Operating Free-Air -40 55 °C 
Temperature 
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SSI73K224L 
V.22 bisN.22/V.21, Bell 212A11 03 

Single-Chip Modem 

DC ELECTRICAL CHARACTERISTICS 
(TA = -40°C to 55°C, VOO =recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

100, Supply Current CLK = 11.0592 MHz 

ISET Resistor = 2 Mil 

1001, Active 25 27 rnA 

1002, Idle 3 5 rnA 

Digital Inputs 

VIL, Input Low Voltage 0.8 V 

VIH, Input High Voltage 

All Inputs except Reset 2.0 VOO V 
XTL1, XTL2 

Reset, XTL 1 , XTL2 3.0 VOO V 

IIH, Input High Current VI=VIH MAX 100 J.IA 
ilL, Input Low Current VI = VIL MIN -200 J.IA 
Reset Pull-down Current Reset = VOO 5 50 J.IA 

Digital Outputs 

VOH, Output High Voltage 10=IOH Min 2.4 VOO V 
lOUT = -0.4 rnA 

VOL, Output Low Voltage 10 = lOUT = 1.6 rnA 0.4 V 

VOL, ClK Output lOUT = 3.6 mA 0.6 V 

RXO Tri-State Pull-up Curro RXO=GNO -5 -50 J.IA 
Capacitance 

Maximum Capacitive load 

ClK Maximum permitted load 15 pF 

Input Capacitance All Oigitallnputs 10 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 
(TA = -40°C to +55°C, VDD = recommended range unless otherwise noted.) . 

PARAMETERS CONDITIONS MIN 

QAMJDPSK Modulator 

Carrier Suppression Measured at TXA 35 

Output Amplitude TX scrambled marks -11.5 
ATT=0100 (default) 

FSK Modulator 

Output Freq. Error ClK = 11 .0592 MHz -.31 

Transmit level A TT = 0100 (Default) -11.5 
Transmit Dotting Pattem 

Output Distortion All products through BPF 

Output Bias Distortion Transmit Dotting Pattern -5 
inAlB@RXD 

2100 Hz Answer Tone Generator 

Output Amplitude ATT = 0100 (Default level) -11.5 
Not in V.21 

Output Distortion All products though BPF 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+.05 

-10.0 -9 

-45 

+5 

-10 -9 

-40 

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

DTMF Generator Not in V.21 

Freq. Accuracy -.25 +.25 

Output Amplitude low Band, ATT = 0100, DPSK Mode -10 -8 

Output Amplitude High Band, ATT = 0100, DPSK Mode -8 -6 

Twist High-Band to low-Band, DPSK Mode 1.0 2.0 3.0 

Receiver Dynamic Range Refer to Performance Curves -48 -3.0 

call Progress Detector In Callinit mode 

Detect level 460 Hz test signal -34 0 

Reject level -50 

Delay Time -70 dBmO to -30 dBmO STEP 25 

Hold Time -30 dBmO to -70 dBmO STEP 25 
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UNITS 

dB 

dBmO 

% 

dBmO 

dB 

% 

dBmO 

. dB 

% 

dBmO 

dBmO 

dB 

dBmO 

dBmO 

dBmO 

ms 

ms 
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SSI73K224L 
V.22 bis/V.221V.21, Bell 212A11 03 

Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

DTMF Generator 

Freq. Accuracy -.25 +.25 % 

Output Amplitude Low Band ATT = 0100 -10 -8 dBmO 

Output Amplitude High Band ATT = 0100 -8 -6 dBmO 

Twist High-Band to Low-Band 1.0 2.0 3.0 dB 

Receiver Dynamic Range Refer to Performance Curves -48 -3 dBmO 

Carrier Detect 

Threshold FSK -51 -38 dBmO 

QAM/DPSK receive data -49 -42 dBmO 

Hysteresis All Modes 2 

Delay Time DPSK -70 dBmO to -6 dBmO 15 20 25 ms 

-70 dBmO to -40 dBmO 10 20 25 ms 

QAM -70 dBmO to -6 dBmO 25 30 35 ms 

-70 dBmO to -40 dBmO 25 33 41 ms 

Hold Time DPSK -6 dBmO to -70 dBmO 15 22 28 ms 

-40 dBmO to -70 dBmO 10 15 20 ms 

QAM -6 dBmO to -70 dBmO 54 60 66 ms 

-40 dBmO to -70 dBmO 21 26 31 ms 

Answer Tone Detectors 

Detect Level -48 -43 dBmO 

Detect Time Caliinit Mode for Signals from 7 37 ms 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 10 48 ms 

Detect Time Demod Mode for signals from 4 26 ms 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 11 43 ms 

1-135 



SSI73K224L 
V.22 bisN.221V.21 , Bell 212A/1 03 
Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Pattern Detectors DPSKMode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 

Hold Time -6 to -40 dBmO, Demod Mode 

Unscrambled Mark 

Delay Time For signals from -6 to -40 

Hold Time Demod or call Init Mode 

Receive Level Indicator 

Detect On 

Valid after Carrier Detect 

Output Smoothing Filter 

Output Impedance TXApin 

Output load TXA pin; FSK Single 

Tone out for THD = -50 dB 
in .3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off 

Energy 10kHz, Guard Tones off 

12 kHz, Guard Tones off 

Anti Alias Low Pass Filter 

Out of Band Signal Energy Level at RXA pin with receive 
(Defines Hybrid Trans- Boost Enabled 
Hybrid loss requirements) 

Scrambled data at 2400 bitls 
in opposite band 

Sinusoids out of band 

Transmit AHenuator 

Range of gain Default ATT =0100 (0 dBmO) 

Step Accuracy 

Output Impedance 

Clock Noise 

TXA pin; 153.6 kHz 

Carrier Offset 

Capture Range Originate or Answer 
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MIN NOM MAX UNITS 

5 65 ms 

5 45 ms 

5 38 ms 

5 47 ms 

19 dBmO 

10 ms 

200 300 n 

10 Kn 

50 pF 

-35 dBmO 

55 dBmO 

65 dBmO 

-14 dBm 

-9 dBm 

+4 -11 dB 

-0.15 +0.15 dB 

200 300 n 

1.5 mVrms 

±7 ±10 Hz 
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SSI73K224L 
V.22 bis/V.22/V.21, Bell 212A/1 03 

Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Recovered Clock 

Capture Range % of frequency originate or -.024 +.024 % 
answer 

Guard Tone Generator 

Tone Accuracy 550 Hz +1.18 % 

1800 Hz -0.7 

Tone Level 550 Hz -5.0 -3.5 -2.0 dB 

(Below QAM/DPSK 1800 Hz -8.0 -6.5 -5.0 dB 
Output) 

Harmonic Distortion 550 Hz -60 dB 

(700 to 2900 Hz) 1800 Hz -60 dB 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 30 ns 

TLA CS/Addr. hold after ALE Low 20 ns 

TLC ALE Low to RDIWR Low 40 ns 

TCL RD/WR Control to ALE High 10 ns 

TAD Data out from RD Low 0 140 ns 

TLL ALE width 60 ns 

TRDF Data float after RD High 0 200 ns 

TAW RDwidth 200 25000 ns 

TWW WRwidth 140 25000' ns 

TOW Data setup before WR High 150 ns 

TWO Data hold after WR High 20 ns 

TCKD Data out after EXCLK Low 200 ns 

TCKW WR after EXCLK Low 150 ns 

TOCK 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) 

~ 
ALE ~ 

TlC .1. TRW .1. 

m -\- + 
vm 

Ft 
TCl :i 

TlC .L TWW .I 
;;-

TLA TRD TRDF ~D 
L TAL .t.l ~ ~ TOW .J-
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OM 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 
OM arrangements 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 addressl 
data interface, and one for a serial interface. The 
parallel version is intended for use with 8039148 or 
8031/51 microcontrollers from Intel or many other 
manufactu rers. 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 itseH 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 OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

22K 

YRI 
.F MOV 

V25OUO 

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 
DTM F tones utilize a higher amplitude than data, these 

C3 
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390pF 

'" 37.4K ,% 
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~I-----<~ 

C& R7 
O.l~ 2OK1'lf. 

AS 
22.1K 

~r1~N-~~~--~ 

VOLTAGE 
REFERENCE 

.5V 

HOOK >-------------

signals will clip if a single-ended driv.e approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) 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 (U1 C) 
picks off its signal at the junction of the impedance 
matching resistor and the transformer. Because the 
bottom leg of the transformer is being driven in one 
direction by U1A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

R. 201<." 

R2 201<." 

'" 4751% 

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

YR. 
MOV 

V25OL2O 

~ ~---------------------------------

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 resuH 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 analogldigital design rules must be used to 
control system noise in orderto obtain highest perform
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 ~F elec
trolytic capacitor in parallel with a 0.1 ~F ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level orhigh 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-8eries modem IC's should have both 
high frequency and low frequency bypassing as close 
to the package as possible. 

SSI73K224L 
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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 (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BERvs.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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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ORDERING INFORMATION 

PART DESCRIPTION 
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DESCRIPTION 

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

The SSI73K302L includes the DPSK and FSK modu
lator/demodulator functions, call progress and hand
shake tone monitors, test modes, and a tone generator 
capable of producing DTMF, answer, and 900 Hz soft 
carrier turn-off tone. This device supports Bell 
202, 212A and 103 modes of operation, allowing both 

(Continued) 
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One-chip Bell 212A, 103 and 202SIT standard 
compatible modem data pump 
Full-duplex operation at 0-300 bItls (FSK), 1200 bit! 
s (DPSK) or 0-1200 bills (FSK) forward channel with 
or without 0-150 bltls back channel 
Full-duplex 4-wlre operation In Bell 202 mode 

Pin and software compatible with other 
S51 K-5erles 1-chlp modems 
Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial (22-pln DIP) or parallel microprocessor bus 
(28-pln DIP) 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 F5K mark 
detectors 
DTMF, answer, and SCT tone generators 

Test modes available: ALB, Dl, RDL, Mark, Space, 
Alternating bit paHerns 
Space efficient 22 or 28-pln DIP packages 

CMOS technology for low power consumption 
using 35 mW @ 5V from a single power supply 
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DESCRIPTION (Continued) 

synchronous and asynchronous communications. 
The SSI73K302L is designed to appearto the systems 
designer as a microprocessor peripheral, and will eas
ily interface with popular one-Chip microprocessors 
(80C51 typical) for control of modem functions through 
its 8-bit multiplexed address/data bus orvia an optional 
serial command bus. An ALE control line simplifies 
address demultiplexing. Data commu nications 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 high function
ality, low power consumption and efficient packaging 
simplify design requirements and increase system 
reliability. A complete modem requires only the addi
tion of the phone line interface, a modem controller, 
and RS232 level converter for a typical system. 

Tri-mode capability in one-Chip allows full-duplex Bell 
212 and 103 operation or as~ymetrical Bell 202S 
operation overthe 2-wire switched telephone network. 
202T mode full-duplex operation at 1200 bills is also 
possible when operating on 4-wire leased lines. 

A soft carrier turn-off feature facilitates fast line turn 
around when using the 202S mode for half-duplex 
applications. . 

The SSI 73K302L is part of Silicon Systems K-Series 
family of pin and function compatible single-chip 
modem products. These devices allow systems to be 
configured for higher speeds and Bell or CCITI 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 bills + 1.0%, 
2.5%. The rate converter will then insert or delete stop 
bits in order to output a signal which is 1200bills± .01% 

(± .01% is the required synchronous data rate 
accuracy). 

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

The serial data stream from the transmit buffer or the 
rate converter is passed through the data scrambler 
and onto the analog modulator. The data scrambler 
can be bypassed under processor control when 
unscrambled data must be transmitted. If serial input 
data contains a break signal through one character 
(including start and stop bits) the break will be 
extended to at least 2 • N + 3 bits long (where N is the 
number of transmitted bits/character). 

Serial data from the demodulator is passed first 
through the data descrambler and then through the 
SYNC/ASYNC converter. The ASYNC/ASYNC con
verterwill reinsert any deleted stop bits and output data 
at an intra-character rate (bit-to-bittiming) of no greater 
than 1219 bills. 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/so Operation is similar to that of the 
asynchronous mode except that data must be synchro
nized to a provided clock and no variation in data 
transfer rate is allowable. Serial input data appearing 
at TXD must be valid on the rising edge of TXCLK. 

TXCLK is an internally derived 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 SSI73K302L modulates a serial bit 
stream into di-bit pairs that are represented by four 
possible phase shifts as prescribed by the Bell 212A 
standards. The base-band signal is then filtered to 
reduce intersymbol interference on the bandlimited 
2-wire telephone line. Transmission occurs using 
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either a 1200 Hz (originate mode) or2400 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 SSI73K302L 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/de scrambler 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 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only 
and cannot be modified except by modem response to 
monitored parameters. The parallel bus interface is not 
available in the 22-pin package. 

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
SSI 73K302L control and status registers via a serial 
command port. In this mode the AO ,A1 and A2lines 
provide register addresses for data passed through the 
data pin under control of the RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
first bit is available after RD is brough low and the next 
seven cycles of EXCLK will then transfer out seven bits 
of the selected address location LSB first. A write takes 
place by shifting in eight bits of data LSB first for eight 
consecutive cycles of EXCLK. WR is then pulsed low 
and data 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 tum-off tone generator will output a 
900 Hztone. When activated in Bell 202 main channel 
transmit mode, the output signal will shift to 900 Hz, 
maintaining phase continuity during the transition. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 22·PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - I/O 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 5V ±1 0%. Bypass with .1 and 22 ~F 
capacitors to GND. 

An internally generated reference voHage. Bypass with 
.1 W capacitor to GND. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MO resistor. ISET should be bypassed to GND with a 
.1 ~F capacitor. 

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

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

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 of CS is latched on the falling edge 
of ALE. 

Output clock. This pin is selectable underprocessorcontrol 
to be either the crystal frequency (for use as a processor 
clock) or 16 x the data rate for use as a baud rate clock in 
DPSK modes only. The pin defauHs to the crystal fre-
quency on reset. 

Interrupt. This open drain 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 low until the 
processor reads the detect register or does a full reset. 

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. An active high signal on this pin will put the chip into 
an inactive state. A"control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down 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 - I Write. A low on this informs the SSI 73K302L that data is 
available on ADO-AD7 for writing into an internal register. 
Data is latched on the rising edge of WR. No data is written 
unless both WR and the latched CS are active low. 

SERIAL MICROPROCESSOR INTERFACE 

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

DATA - 8 I/O Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK p.!!!:.. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI 73K302L that 
data or status information is being read by the processor. 
The falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K302L 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AD, A 1, A2, DATA, and an unconnected 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 AD, A1 and A2, respectively. 
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PIN DESCRIPTION (Continued) 

DTE USER INTERFACE 

NAME 28-PIN 22·PIN 

EXCLK 19 15 

RXCLK 23 18 

RXD 22 17 

TXCLK 18 14 

TXD 21 16 

TYPE 

I 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

External Clock. This signal is used 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. 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received DPSK 
data output. The rising edge of RXCLK can be used to latch 
the valid output data. RXCLK will be valid as long as a 
carrier is present. In Bell 202 mode a clock which is 16 x 
1200 baud data rate is output. 

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

Transmit Clock. This signal is used 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 synchronization 
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. 

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 bitls +1%, -2.5% or +2.3%, -2.5 % in 
extended overspeed mode. 

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

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator requiring 
a 11.0592 MHz parallel mode crystal and two load capaci-
tors to Ground. XTL2 can also be driven from an external 
clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD and A 1 
address lines in serial mode, orthe ADO and AD1 lines 
in parallel mode. The ADO and AD1 lines are latched 
by ALE. Register CRO controls the method by which 
data is transferred over the phone line. CR1 controls 

REGISTER BIT SUMMARY 

CRO 000 

CONTROL ENABLE 
REGISTER CRI 001 DETECT 

1 INTERRUPT 

DETECT RECEIVE REGISTER DR 010 
DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

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

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

the 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
trols the DTM F generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. All registers are readlwrite except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS 
SCRAMBLER! CLK TEST TEST 

ADDPH.EQ. CONTROL RESET MODE MODE 

202 1 0 

UNSCR. CARRIER SPECIAL CALL 
MARKS DETECT TONE PROGRESS 

DTMF3 

0790 - rev. 1-151 



SSI73K302L 
Bell 212A, 103, 202 
Single-Chip Modem 

REGISTER ADDRESS TABLE 

0.103 FSK 
1_202 FSK L---~,I"oo.·-Ft·SK~~DOWN ------------------~ 

001o-EXT SYNCH 
0011-sLAVE SYNCH 
0100-ASYNCH 8 BITSICHAR 
0101..ASYNCH 9 BrTSJCHAR 
0110aASYNCH 10 BITSJCHAR 
0111-ASVNCH 11 SlTSlCHAR 
1100.FSK BELL 103 OR 202 

OOX_73K212 US 2121103 OR 73K322 V.23N.221V.21 
o1Xa73K221 EUROPEANV.221V21 or 73K302 212A11031202 
10X_73K222 BELL 2121103 AND V.22N.21 cr73K321L V.231V.21 
110.73K224 BELL 2121103 AND V.22 bisN.22N.21 
111_73K324LccmV.21. V.22. V.221>i •• V.23 

1-152 

O_NORMAL OPERATION 
I_FULL DUPLEX IN 202 MODE 

0.1% 
1-2.5% 

IN 202 MODE: 
o-FE.CEIYE@ 1200 9JTJS, 

TRANSMIT @ 150 BIT/S 
l_RECEIVE@ 150 BITtS. 

TRANSMIT@ 1200 BIT/S 

0_900 HZSCTTONE IF 
IN ANSWER MODE 
-2225 HZ ANSWER TONE 
IN 103 OR 212 ORIGINATE 
MODES 

l_FSKMARK 
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CONTROL REGISTER 0 

D7 D5 D4 D3 D2 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

D1 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 

BIT NO. 

DO 

D1 

D5, D4,D3, 
D2 

NAME 

Answer/ 
Originate 

Transmit 
Enable 

Transmit 
Mode 

MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

CONDITION 

o 

o 

o 000 

000 

001 0 

001 

o 0 0 

o o 

o o 

o 

DESCRIPTION 

Selects answer mode (transmit in high band, 
receive in low band or in Bell 202 mode, receive at 
1200 bills and transmit at 150 bills). 

Selects originate mode (transmit in low band, receive in 
high band or in Bell 202 mode, receive at 150 bills and 
transmit at 1200 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 

Note: Answer tone and DTMF TX control require TX 
enable. 

Selects power down mode. All functions 
disabled interface. 

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 

of RXCLK. 

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. 

Slave synchronous mode. Same operation as other 
synchronous modes. TXCLK is connected intemallyto 
the RXCLK in this mode. 

Selects DPSK asynchronous - 8 bits/character 
start bit, 6 data bits, 1 

- 9 bits/character 

Selects DPSK asynchronous mode -10 bits/character 
start bit, 8 data bits, 1 

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

07 ·05 04 03 02 01 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 
MODE 3 MODE 2· MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. 

D7 

NAME 

Modulation 
Option 

CONDITION 

07 05 04 

CONTROL REGISTER 1 

07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

01 DO 

01, DO Test Mode 0 0 

0 1 

1 0 

1 1 

02 Reset 0 

1 

DESCRIPTION 

mode at 1200 bit/so 

04 03 02 01 DO 

BYPASS ClK TEST TEST 
SCRAMB! CONTROL RESET MODE MODE 

ADD 1 0 
PH. Ea. 

DESCRIPTION 

Selects normal operating mode .. 

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. 

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

Selects local digital foopback. Internally loops TXD 
back to RXD and continues to transmit carrier from 
TXApin. 

Selects normal operation. 

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) 

I I I 
D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D3 ClK Control 0 

1 

04" Bypass 0 
Scrambler! 
Add Phase 1 
Equalization 

D5 Enable Detect 0 
Interrupt 1 

D7 D6 

D7,D6 Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

I I I I I 
D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB! CONTROL RESET MODE MODE 

ADD 1 0 
PH. Ea. 

DESCRIPTION 

Selects 11.0592 MHz crystal echo output at ClK 
pin. 

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

Selects normal operation. DPSK data is passed 
through scrambler. 

Selects Scrambler Bypass. DPSK data is routed 
around scrambler in the transmit path. In Beil 202 
mode, additional phase equalization is added to the 
main channel filters when D4 is set to 1. 

Disables interrupt at INT pin. 

Enables INT output. An interrupt wiii be generated with 
a change in status of DR bits 01·D4. The special tone 
and cali progress detect interrupts are masked when 
the TX enable bit is set. Carrier detect is masked when 
TX DTMF is activated. All interrupts wiii be disabled if 
the device is in power down mode. 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 

" D4 should always be set to 1 when receiving 1200 bitls data and to 0 when transmitting 1200 bitls data in 
202 mode. 
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DETECT REGISTER 

DR 
010 

BIT NO. 

DO 

NAME 

Long Loop 

D5 

RECEIVE 
DATA 

CONDITION 

D4 D3 D2 D1 DO 

UNSCR. CARR. SPECIAL CALL LONG 
MARK DETECT TONE PROG. . LOOP 

DESCRIPTION 

D1 Call Progress 0 No call progress tone detected. 
Detect 1---------/---------------------1 

Indicates presence of call progress tones. The call 

D2 Special Tone 
Detect 

o 

progress detection circuitry is activated by energy in 
the normal 350 to 620 Hz call progress band. 

No special tone detected as programmed by 
CRO bit DO and Tone Register bit DO. 

(1) 2225 Hz answer tone if DO of TR=O and the device 
is in Bell 1 03 or 212A originate mode. 

(2) Soft carrier turn-off tone if DO of TR=O and the 
device is in Bell 202 answer mode. 

(3) an FSK mark in the mode the device is set to 
receive if DO of TR is set to 1. 

D3 Carrier Detect ~--~--+~~~~~~~~~~~~~~:...----I 

D4 

D5 

D6,D7 

Unscrambled 
Mark 

Detect 

Receive 
Data 

o 

Indicated carrier has been detected in the received· 
channel. 

(DPSK only) Indicates detection of unscrambled 
marks in the received data. A valid indication requires 
that unscrambled marks be received for> 165.5 ± 
6.5ms. 

Continuously Ol:ltputs 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. 

Not used. 
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TONE REGISTER 
I I I I I 

D7 D6 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT SOFT ANSWER 
011 CONTR. 

CARRIER 
TONE TURN-OFF 

TONE 

BIT NO. NAME CONDITION 

D5 D4 DO 

DO DTMFOI 0 1 X 
Special Tone 0 0 0 

DetectlSelect 

X 0 1 

1 0 0 

1 0 1 

D4 D1 

D1 DTMF 11 0 0 
Overspeed 0 1 

D2 DTMF2I202T 0 

FDX 1 

D3 D2 D1 DO 

D3, D2, DTMF3, 0 0 0 0-
D1,DO 2,1,0 1 1 1 1 

0790 - rev. 

I I 
D4 D3 

TRANSMIT 
DTMF DTMF3 

DESCRIPTION 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

I I 
D2 D1 DO 

DTMF 21 DTMF 1/ DTMF 01 
202 OVER- SPECIAL 
FDX SPEED TONESEL 

DO interacts with bits D6, D4, and CRO as shown. 

Transmit DTMF tones. 

2225 Hz answer tone will be detected in D2 of DR if 
originate mode is selected in CRO. 

900 Hz SCTtone will be detected in D2 of DR if Bell 202 
answer mode is selected in CRO. 

Mark of an FSK mode selected in CRO is to be detected 
in D2 of DR. 

2225 Hz answer tone will be generated when in 
answer mode and transmit enable is selected in CRO. 

2100 Hz answer tone will be generated when in 
answer mode and transmit enable is selected in CRO. 

D1 interacts with D4 as shown. 

Asynchronous DPSK 1200 bitls +1.0% -2.5%. 

Asynchronous DPSK 1200 bitls +2.3% -2.5%. 

Enables 202 half-duplex operation if D4=0 

Enables 202 full-duplex operation if D4=0 

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

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 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 DTMF21 DTMF 11 DTMF 01 
SOFT TR OUTPUT CARRIER ANSWER DTMF DTMF3 202T OVER- SPECIAL 

011 CONTR. TURN-OFF TONE FDX SPEED TONESEL 
TONE 

BIT NO. NAME CONDITION DESCRIPTION 

D3, D2, KEYBOARD DTMFCODE 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 1 . Activate DTMF. The selected DTMF tones are 

transmitted continuously when this bit is high. 
TX DTMF overrides all other transmit functions. 

D5 Transmit o· 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. 
SCTTone 

1 Transmit SCT tone in Bell 202 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. 

Notes for Tone Register use: 

1. To detect SCTtone, 202 answer mode must be selected. To transmit SCTtone, 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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IDREGISTER 

ID 
110 

BIT NO. 

D7,D6 

D7 D6 

ID ID 

NAME 

Device 
IdentHication 

Signature 

D5 

ID 

CONDITION 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

DESCRIPTION 

RATING 

14 

-65 to 150 

260 

-0.3 to VDD+0.3 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

UNIT 

V 

°C 

°C 

V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

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 W 
Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 Mil 
ISET Bypass Capacitor (ISET pin to GND) 0.1 I1F 

VOD Bypass Capacitor 1 (External to GND) 0.1 I1F 

VOD Bypass Capacitor 2 (External to GNO) 22 I1F 

XTL 1 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 

100, Suppl}' Current ISET Resistor = 2 MO 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTL2 3.0 

All other inputs 2.0 

Vll, Input low Voitage 0 

IIH, Input High Current VI =VIH Max 

Ill, Input low Current VI =Vll Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 mA 

VOL, ClK Output 10=3.6mA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive load 

capacitance 

Inputs Capacitance, all Digital Input pins 

XTl1 , 2 load Capacitors Depends on crystal 15 

ClK Maximum Capacitive load 
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NOM MAX UNITS 

8 12 mA 

4 mA 

3 mA 

VDD V 

VDD V 

0.8 V 

100 ~ 

IlA 
50 ~ 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 IlA 
15 pF 

10 pF 

60 pF 

15 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

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

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

DPSK Modulator 

Carrier Suppression Measured at TXA 45 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Modulator 

Output Frea. 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 % 
InAlB@RXD 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

DTMF Generator Must not be in 202 mode 

Freq. Accuracy -0.25 +0.25 % 

Output Amplitude, low group DPSKmode -10 -9 -8 dBmO 

Output Amplitude, High group DPSKmode -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 dB 

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

5V Version: 
o 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 

Call Progress Detector 

Detect Level -3 dB points in 285 and 675 Hz 

Reject Level Test signal is a 460 Hz sinusoid 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

Carrier Detect 

Threshold DPSK or FSK receive data 

Delay Time 

Bell 103 

Bell 212A 

Bell 202 Forward Channel 

Bell 202 Back Channel 

Hold Time 

Bell 103 

Bell 212A 

Bell 202 Forward Channel 

Bell 202 Back Channel 

Hysteresis 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time 

Answer tone 

900 Hz SCT tone Preceded by valid carrier· 

202 Main Channel Mark 

202 Back Channel Mark 

1270 or 2225 Hz marks 

• If SCT duration >4ms, it is guaranteed to detect. 
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MIN NOM MAX UNITS 

-38 dBmO 

-45 dBmO 

20 40 ms 

20 40 ms 

2 dB 

-49 -42 dBmO 

8 20 ms 

15 32 ms 

6 12 ms 

25 40 ms 

6 20 ms 

10 24 ms 

3 8 ms 

10 25 ms 

2 dB 

-49 -42 dBmO 

10 25 ms 

4 10 ms 

10 25 ms 

20 65 ms 

10 25 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors (Continued) 

Hold Time 

Answer tone 

900 Hz SCT tone 

202 Main Channel Mark 

202 Back Channel Mark 

1270 or 2225 Hz marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THD = -50 dB 
in 0.3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 
See Transmit Energy Spectrum 

Output Impedance TXApin 

Clock Noise TXA pin; 76.8 kHz or 122.88 kHz 
in 202 main channel 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Frequency Change 

DPSK Recovered Clock 

Capture Range % of data rate 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 

Tone Generator " 

Tone Accuracy DTMF or FSK tones 

Tone Level For DTMF, must not be in 202 mode 

0790 - rev. 1-163 

MIN 

4 

1 

3 

10 

5 

2 

-3 

10 

-10 

-625 

-5 

-1 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

NOM MAX UNITS 

15 ms 

10 ms 

10 ms 

25 ms 

15 ms 

dB 

+3 % 

k.Q 

50 pF 

-60 dBmO 

20 50 n 
0.1 0.4 mVrms 

+10 Hz 

40 100 ms 

+625 ppm 

30 50 ms 

+5 Hz 

+1 dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWR Low 

TCL RDIWR Control to ALE High 

TRD Data out from RD Low 

TLL ALE width 

TRDF Data float after RD High 

TRW RDwidth 

TWW WR width 

TOW Data setup before WR High 

TWO Data hold after WR High 

TCKD Data out after EXCLK Low 

TCKW WR after EXCLK Low 

TOCK Data setup before EXCLK Low 

TAC Address setup before control· 

TCA Address hold after control· 

TWH Data Hold after EXCLK 
• 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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MIN NOM MAX UNITS 

30 ns 

20 ns 

40 ns 

10 ns 

0 140 ns 

60 ns 

0 200 ns 

200 25000 ns 

140 25000 ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
qontrol processor, a UART or RS-232 serial data inter
face, and a OM 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 
OM arrangements 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. 

RS232 
lEVEL 

CQNYERTERS 
, FIrS 

~. ~r: 
co u>-t'DT""R"-l CO,n. 

Cf K1+CC""D=-! 

~ U5,U8 
MC14540e 

JIll 
WR 
ALE SSI 
mr K.~a:ES 

POWER 
FAMilY 

GND r-:::::-+-+---; 
VAEF 

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 
8031151 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 OTE 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-232 interface handshake lines are used for modem 
control. 

CI 
390pF 

RS 
37AK 

R4 
20K 

22K 

VAl .r IIOV 
V250LZO 

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

C3 
O.lllF' 

~ 

C6 
O,l~ 

~ 

va..TAGE 
REFERENCE 

R7 
2OKI" 

CI 
390pF 

R4 
37AK1% 

R6 
22.1K 

CS 
750pF 

R9 
2OKI" 

RI 
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signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1B) before sending it to the other leg of the trans
former. Each op-amp then supplies half the drive 
signal to the transformer. The receive amplifier (U1 C) 
picks off its signal at the junction of the impedance 
matching resistor and the transformer. Because the 
bottom leg of the transformer is being driven in one 
direction by U1A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

201<1% • Note: Op-amp Ul 
must be rated for 
single 5V operation. 
Rl0 & Rll values 
depend on Op-amp 
used. 

R2 
2OKI .. 

'" 4751% 

CO 
O.0331'f 

TI 
MIOCOM 
671-aoos 

.5V 

VAl .r MOV 
V25«.2O 

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

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 (SIN) ratios reflect 
total power measurements similar to the CCITI V.56 
measurement specification. The individual tests are 
defined as follows. 

BERvs.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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the SER point, is the measure 
of dynamic range. 
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PART DESCRIPTION 

SSI 73K302L with Parallel Bus Interface 

28-Pin 5 Volt Supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

SSI 73K302L with Serial Interface 

22-Pin 5 Volt Supply 

Plastic Dual-In-Line 

1 "p GND 

2 "p RXA 

• ""p VREF 

• 25p RESET 

5 .. p ISET 

• .. p RXCLK 

7 22p RXD 

• 21 P TXD 

• 20p ~ 
10 "p EXCLK 

11 ,. P TXCLK 

12 17p 1IiIT 
I. ,. P TXA .. "P VDD 

GOO· Mil 
28-Pin DIP 

ORDER NO. 

SSI 73K302L - IP 

SSI 73K302L - IH 

SSI 73K302SL - IP 

SSI73K302L 
Bell 212A, 103,202 

Single-Chip Modem 

4 3 2 1282726 

25 .. 
PLCC PINOUTS 23 

8 ARE THE SAME AS 22 

THE 28-PIN DIP 21 

10 20 

11 ,. 
12 13 14 15 16 17 18 

28·Lead 
PLCC 

PKG.MARK 

73K302L-IP 

73K302L-IH 

73K302SL - IP 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current 
infonnation. 

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 ortrademarks 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. 
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DESCRIPTION 
The SSI 73K321 l 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 bitls full-duplex or 0-1200 bitls half
duplex operation over dial-up telephone lines. The 
73K321 l provides 1200 bitls operation in V.23 mode 
and 300 bitls inV.21 mode. TheSSI73K321laisocan 
both detect and generate the 2100 Hz answer tone 
needed for call initiation. The SSI 73K321 l 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 2S
or 22-pin DIP configuration. The SSI 73K321 l oper
ates from a single +5 volt supply with very low power 
consumption. 

The SSI 73K321 l includes the FSK modulator/de
modulator functions, call progress and handshake 
tone monitor test modes, and a tone generatorcapable 
of producing DTMF, answer, calling tones. The 
SSI73K321l is designed to appear to the systems 
designer as a microprocessor peripheral, and will eas
ily interface with popular one-Chip microprocessors 
(SOC51 typical) for control of modem functions through 
its S-bit multiplexed address/data bus orvia an optional 
serial control bus. An ALE control line simplifies 
address demultiplexing. Data communications occurs 
through a separate serial port only. (Continued) 

AOO·AD7 
\---1'1 

iNTo-----I 

BLOCK DIAGRAM 

T~o-------~ 
Rm~------------~ __ ~ 
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• One-chip CCITT V.23 and V.21 standard 
compatible modem data pump 

• Full-duplex operation at 0-300 bltls (V.21) or 
0-1200 bltls (V.23) forward channel with or 
without 0-75 bltsls back channel 

• Full Duplex 0-1200 bltls (V.23) In 4-wlre mode 

• Pin and software compatible with other 
SSI K-Serles1-chlp modems 

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

• Serial (22-pln DIP) or parallel microprocessor 
bus (28-pln DIP) for control 

• Serial pon for data transfer 

• Call progress, carrier, precise answer tone 
(2100 Hz), calling tone (1300 Hz) and FS 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 22- or 28-pln DIP packages 

• CMOS technology for low power consumption 
using 30 mW @ 5V from a single power supply 

TXA 

RXA 

PIN DIAGRAM 
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DESCRIPTION (Continued) 

The SSI 73K321 L is ideal for either free standing or 
integral system modem applications where multi-stan
dard data communications over the 2-wire switched 
telephone network is desired. Typical uses include 
videotex terminals, low-cost integral modems and 
built-in diagnostics for office automation or industrial 
control systems. The 73K321 L'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 
CCITI 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 Hz for the back channel. The modulation rate of 
the back channel is up to 75 baud. Demodulation 
involves detecting the received frequencies and 
decoding them into the appropriate binary value. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band filters are included to shape the 
amplitude and phase response of the transmit and 
receive signals and provide compromise delay equali
zation and rejection of out-of-band signals in the 
receive channel. Amplitude and phase equalization 
are necessary to compensate for distortion of the 
transmission line and to reduce intersymbol interfer
ence in the bandlimited receive signal. 

AGC 

The automatic gain control maintains a signal level at 
the input to the demodulators which is constant to 

within 1 dB. It corrects quickly for increases in signal 
which would cause clipping and provides a total 
receiver dynamic range of >45 dB. 

PARALLEL BUS INTERFACE 

Four 8-bit registers are provided for control, option 
select and status monitoring. These registers are 
addressed with the ADO, AD1, and AD2 multiplexed 
address lines (latched by ALE) and appear to a control 
microprocessor as four consecutive memory loca
tions. Two control registers and the tone register are 
read/write memory. The detect register is read only 
and cannot be modified except by modem response to 
monitored parameters. The parallel bus interface is not 
available with the 22-pin package. 

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the SSI 
73K321 L control and status registers via a serial 
command port. In this mode the AO ,A1 and A2lines 
provide register addresses for data passed through the 
data pin under control of the RD and WR lines. A read 
operation is initiated when the RD line is taken low. The 
first bit is available after RD is brought low and the next 
seven cycles of EXCLK will then transfer out seven bits 
ofthe selected address location LSB first. A write takes 
place by shifting in eight bits of data LSB first for eight 
consecutive cycles of EXCLK. WR is then pulsed low 
and data transferred into the selected register occurs 
on the rising edge of WR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received 
analog signal to determine status or presence of car
rier, answer tone and weak received signal (long loop 
condition), special tones such as FSK marking and the 
1300 Hz calling tone are also detected. A highly 
frequency selective call progress detector provides 
adequate discrimination to accurately detect Euro
pean call progress signals. 

DTMF GENERATOR 

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

1-174 0790- rev. 



PIN DESCRIPTION 

POWER 

NAME 28-PIN 22·PIN TYPE 

GND 28 1 I 

VDD 15 11 I 

VREF 26 21 0 

ISET 24 19 I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - 1/0 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

0790· rev. 

DESCRIPTION 

System Ground. 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

Power supply input, 5V ±1 0%. Bypass with 0.1 and 22 J.lF 
capacitors to GND. 

An internally generated reference voltage. Bypass with 
0.1 J.lF capacitor to GND. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 MO resistor. ISET should be bypassed to GND with a 
0.1 J.lF capacitor. 

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

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

Chip select. A low du ring 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. 

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. The 
pin defaults to the crystal frequency on reset. 

Interrupt. This open drain 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 low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K321 l internal 
registers. Data cannot be output unless both RD and the· 
latched CS are active or low. 

Reset. An active high signal high on this pin will putthe chip 
into an inactive state. All control register bits (CRO, CR1, 
Tone) will be reset. The output of the ClK pin will be set to 
the crystalfrequency. 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 - I Write. A low on this informs the SSI 73K321 L that data is 
available on ADO-AD7 for writing into an intemal 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 

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

DATA - 8 I/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. 

RD - 10 I Read. A low on this input informs the SSI 73K321 L that 
data or status information is being read by the processor. 
The falling edge of the RD signal will initiate a read from the 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K321 L 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected 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 AO, A1 and A2, respectively. 
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DTE USER INTERFACE 
i i i i 

NAME 28-PIN 22-PIN TYPE 

EXCLK 19 15 I 

RXCLK 23 18 0 

RXD 22 17 0 

TXCLK 18 14 0 

TXD 21 16 I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

0790- rev. 
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i 
DESCRIPTION 

External Clock. Used for serial control interface to clock 
control data in or out of the 73K321 L. 

Receive Clock. A clock which is 16 x1200 or 16 x 300 baud 
data rate is output in either V.23 or V.21 , respectively. 

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. 

Transmit Clock. TXCLK is always active. In V.23 or V.21 
mode the output is either a 16 x 1200 baud clock or 16 x 300 
baud clock, respectively. 

Transmit Digital Data Input. Serial data for transmission is 
input on this pin. In asynchronous modes (1200 or 300 
baud) no clocking is necessary. 

Received modulated analog signal input from the phone 
line. 

Transmit analog output to the phone line. 

These pins are for the internal crystal oscillator 
requiring a 11.0592 MHz parallel mode crystal and two load 
capacitors to Ground. XTL2 can also be driven from an 
external clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD and 'A 1 
address lines in serial mode, or the ADO and AD1 lines 
in parallel mode. The ADO and AD1 lines are latched 
by ALE. Register CRO controls the method by which 
data is transferred over the phone line. CR1 controls 

REGISTER BIT SUMMARY 

CRO 

CONTROL 
REGISTER CRI 001 

1 

DETECT 
REGISTER DR 010 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONmOL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

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

the interface between the microprocessor and the 
SSI 73K321 L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con
troIs the DTMF generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. All registers are readlwrite except for DR 
which is read only. Register control and status bits are 
identified below: 

CLK TEST TEST 
CONTROL RESET MODE MODE 

1 0 

CARRIER SPECIAL CALL 
DETECT TONE PROGRESS 

DTMF3 DTMF2I 
V.23 FOX 
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SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

REGISTER ADDRESS TABLE 

o-V.23 FSK 
'.V.2' FSK 

OOX,.731<21'! US 2121103 OR 73K322 V.23N.22N.21 
OtX.73K22' EUROPEAN V.22N.21 or 73K302. 212A11031202 

o-HAlF DUPLEX V.23 
'.ALLOWSV.23 FULL 

DUPLEX OPERATION 

10X.73K222 BEU2121103 ANOV.22N.21 or 73K321L EUROPEANV.21, V.23 
110.73K224L BELL 2121103 ANOV.22 blsN.22N.21 
l1,.73K324LCCITI V.22bis, V.22, V.21. V.23 

1-179 

<>-ANSWER 
,..oRIGINATE 
INV.23 MODE : 
O_RECEIVE @ '200 BIT/S, 
TRANSMIT@ 75 BITIS 
,.RECEIVE@ 75 BIT/S, 
TRANSMIT@lI200BITIS 

DO_NORMAL 
O'.ANALOG LOOPBACK 
to-REMOTE DIGITAL 

LOOPBACK 
II.LOCAL DIGITAL 

lOOPBACK 

a.ANSWER TONE FREO.-2225 Hz 
FSK MARK Will BE INDICATED 
BY SPECIAL TONE BIT IN DR 

,.ANSWER TONE FAEO •• 2100 Hz 
EITHER 2100 Hz (IN ORIG.) OR 
1300 Hz (IN AN9.) WILL BE 
INDICATED BY SPECIAL TONE 
BIT IN DR 



SSI73K321L 
cClrr V~23, V.21 
Single-Chip Modem 

CONTROL REGISTER 0 

07 05 04 

CRO MOOUL. 
000 OPTION 

TRANSMIT TRANSMIT 

BIT NO. 

DO 

01 

05,04,03, 

02 

02 

06 

07 

NAME 

Answerl 
Originate 

Transmit 
Enable 

Transmit 
Mode 

Unused 

Modulation 
Option 

MOOE3 MODE 2 

CONDITION 

o 

05 04 03 02 

000 0 

o 

02 01 DO 

TX OTMF TRANSMIT ANSWER! 
ENABLE ORIGINATE 

DESCRIPTION 

Selects answer mode (transmit in high band, 
receive in low band or in V.23 mode, receive at 
1200 bitls and transmit at 75 

Selects originate mode (transmit in low band,receive in 
high band or in V.23 mode, receive at 75 bitls and 
transmit at 1200 bit/s). If in V.23 and 02 of TR=1, selects 
V.23 full duplex operation in 4-wire configuration. 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 
registers. 

Note: Answer tone and OTMF TX control require TX 
enable. 

Transmit OTMF 

Selects power down mode. A" functions disabled except 
interface. 

Not used; must be written as a "0." 

Selects: 

FSK CCITT V.23 mode. 

FSK CCITT V.21 mode. 
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CONTROL REGISTER 1 
, , , , 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

D1,OO Test Mode D1 DO 

0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

D3 ClK Control 0 
(Clock Control) 

1 

D4 Add Ph. Eq. 0 

1 

05 Enable Detect 0 
Interrupt 

1 

07,D6 Transmit D7 D6 
Pattern 0 0 

0 1 

1 0 

1 1 

0790- rev. 
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SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

, , , , 
04 D3 D2 D1 DO 

ADD ClK TEST TEST 
PH. EO. CONTROL RESET MOOE MODE 

1 0 

DESCRIPTION 

Selects normal operating mode. 

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

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

Selects local digitalloopback. Internally loops TXD back 
to RXD and continues to transmit data from TXA pin. 

Selects normal operation. 

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

Selects 11 .0592 MHz crystal echo output at ClK 
pin. 

Selects 16x the data rate. (16 x 75 or 300 or 1200 Hz.) 

Selects normal equalization. 

In V.23 mode, additional phase equalization is added to 
the main channel filters when D4 is set to 1. 

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

Enables INT output. An interrupt will be generated with 
a change in status of DR bits 01-D3. The special tone 
and call progress detect interrupts are masked when the 
TX enable bit is set. Carrier detect is masked when TX 
DTMF is activated. All interrupts will be disabled if the 
device is in power down mode. 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 
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DETECT REGISTER 

DR 
010 

BIT NO. NAME 

DO Long Loop 

01 

CONDITION 

03 02 

CARR. SPECIAL 
DETECT TONE 

DESCRIPTION 

01 

CALL 
PROG. 

DO 

LONG 
LOOP 

Call Progress 0 No call progress tone detected. 
Detect I-------t--In-d-ic-a-te'-s-p""-re-s-e-nc-e-of-ca-II-p-r-o-gr-e-ss-to-n-e-s.-T-h-e-c-a-II-i 

02 Special Tone 
Detect 

.0 

progress detection circuitry is activated by energy in the 
normal 350 to 620 Hz call progress band. 

No special tone detected as programmed by 
CRO bit DO and Tone Register bit DO. 

(1) 2100 Hz answer tone ifDO ofTR=1 and the device is 
in V.21 originate mode. 

(2) 1300 Hz calling tone if DO of TR= 1 and the device is 
in V.21 or V.23 answer mode. 

(3) an FSK mark forthe mode the device is set to receive 
in if DO of TR = O. 

03 Carrier Detect I-__ ~ __ -I-~~~~~~!J!!.~~~~~~~ ___ ~ 

05 

06,07 

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. 

Not used. 
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TONE REGISTER , , , , , 
07 06 05 

RXO TRANSMIT TRANSMIT 
TR OUTPUT CALLING ANSWER 
011 CONTR. TONE TONE 

BIT NO. NAME CONDITION 

DO OTMFOI 06 05 04 DO 
Answer Tonel X X 1 X 

Special Tonel X X 0 0 
Detect/Select 

X X 0 1 

X 1 0 0 

X 1 0 1 

03 02 01 DO 

D3,02, OTMF3, 0 0 0 0-
01,00 2,1,0 1 1 1 1 

0790- rev. 

, , 
04 03 

TRANSMIT 
OTMF OTMF3 

DESCRIPTION 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

, , 
02 01 DO 

OTMF 01 
OTMF2 OTMF1 ANS. TONE! 

SPECIAL 
TONE!SEL 

DO interacts with bits D6, 05, 04, and CRO as shown. 

Transmit DTMF tones. 

Mark of an FSK mode selected in CRO is to be detected 
in D2 of DR. 

2100 Hz answer tone will be detected in 02 of DR ifV.21 
originate mode is selected in CRO. 

1300 Hz calling tone will be detected in 02 of DR if V.21 
or V.23 answer mode is selected in CRO. 

Transmit 2225 Hz answer tone in answer mode. 

Transmit 2100 Hz answer tone in answer mode. 

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

KEYBOARD OTMFCODE TONES 
EQUIVALENT D3 02 01 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 1336 

9 1 0 0 1 852 1477 

0 1 0 1 0 941 1336 
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TONE REGISTER (Continued) 

BIT NO. NAME 

D3,02, 
01,00 

(Cont.) 

04 Transmit 
OTMF 

05 Transmit 
Answer Tone 

06 Transmit 
Calling Tone 

07 RXO Output 
Control 

IDREGISTER 

10 
110 

07 

10 

BIT NO. NAME 

07,06,05 Device 

06 

10 

Identification 
Signature 

CONDITION 

0 

1 

0 

1 

0 

1 

0 

1 

DESCRIPTION 

KEYBOARD OTMFCOOE TONES 
EQUIVALENT 03 02 01 DO LOW HIGH . 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 
0 0 0 0 0 941 1~3 

Disabled OTMF. 

Activates OTMF. The selected OTMF tones are trans-
mitted continuously when this bit is high. TX OTMF 
overrides all other transmit functions. 

Disables answer tone generator. 

Enables answer tone generator. A 21 00 Hz answer tone 
will be transmitted continuously when the transmit en-
able bit is set. The device must be in answer mode. 

Disables calling tone generator. 

Transmit calling tone in either mode. 

Enables RXO pin. Receive data will be output on RXO. 

Disables RXO pin. The RXO pin reverts to a high 
impedance with internal weak pull-up resistor. 

SSI73K324L 

1-184 0790 - rev. 



0790- rev. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

Applied Voltage -0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 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 J.LF 

Bias setting resistor (Placed between VDD 1.8 2 2.2 MQ 
and ISET pins) 

ISET Bypass Capacitor (ISET pin to GND) 0.1 J.LF 

VDD Bypass Capacitor 1 (External to GND) 0.1 J.LF 

VDD Bypass Capacitor 2 (External to GND) 22 J.LF 

XTL 1 Load Capacitor Depends on crystal characteristics; 40 pF 

XTL2 Load Capacitor from pin to GND 20 
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CCITT V.23, V.21 
Single-Chip Modem 

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

PARAMETER CONDITIONS MIN 

100, Supply Current ISET Resistor = 2 MOo 

IDDA, Active ClK = 11 .0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1 , XTl2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI =VIH Max 

Ill, Input low Current VI =VllMin -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 mA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10=3.6mA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive load 

1-186 

NOM MAX UNITS 

8 12 mA 

4 mA 

3 mA 

VDD V 

VDD V 

0.8 V 

100 IlA 
uA 

50 IlA 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 IlA 
15 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

(TA = -40°C to -t85°C, VDD = Recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

FSK Modulator 

Output Freq. Error ClK = 11.0592 MHz -0.35 +0.35 % 

Transmit level Transmit Dotting Pattem -11 -10 -9 dBmO 

Harmonic Distortion TH D in the alternate band FSK -60 -50 dB 
in 700-2900 Hz band 

Output Bias Distortion Transmit Dotting Pattern in ALB @ RXD ±3 % 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o 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 DM design. 

DTMF Generator 

Freq. Accuracy -0.25 +0.25 % 

Output Amplitude low Band, CRO bit D2=1 -10 -9 -8 dBmO 

Output Amplitude High Band, CRO bit D2=1 -8 -7 -6 dBmO 

Twist High-Band to low-Band, as above 1.0 2.0 3.0 dB 

Long Loop Detect Not valid for V.23 back channel -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 43 dB 

Call Progress Detector 

Detect Level -3 dB points in 285 and 675 Hz -38 dBmO 

Reject Level Test signal is a 460 Hz sinusoid -45 dBmO 

Delay Time -70 dBmO to -30 dBmO STEP 40 ms 

Hold Time -30 dBmO to -70 dBmO STEP 40 ms 

Hysteresis 2 dB 

carrier Detect 

Threshold Single Tone -48 -43 dBmO 

Delay Time 

V.21 10 20 ms 

V.23 Forward Channel 6 12 ms 

V.23 Back Channel 25 40 ms 

Hold Time 

V.21 6 20 ms 

V.23 Forward Channel 3 8 ms 

V.23 Back Channel 10 25 ms 

Hysteresis 2 dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time -70 dBmO to -30 dBmO Step 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hold Time -30 dBmO to -70 dBmO Step 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THO = -50 dB 
in .3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 

Output Impedance TXA pin, TXA Enabled 

Clock Noise TXA pin; 76.8 kHz or 
122.88 kHz in V.23 main channel 
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MIN NOM MAX UNITS 

-48 -43 dBmO 

10 25 ms 

10 25 ms 

20 65 ms 

10 25 ms 

4 15 ms 

3 10 ms 

10 25 ms 

5 15 ms 

2 dB 

-3 +3 0/0 

10 kn 

50 pF 

-60 dBmO 

20 50 n 

0.1 0.4 mVrms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWA Low 

TCL AD/WA Control to ALE High 

TAD Data out from AD Low 

TLl ALE width 

TADF Data float after AD High 

TAW AD width 

TWW WAwidth 

TDW Data setup before WA High 

TWD Data hold after WA High 

TCKD Data out after EXCLK low 

TCKW WA after EXCLK Low 

TDCK Data setup before EXCLK Low 

TAC Address setup before control· 

TCA Address hold after control· 

TWH Data Hold after EXClK . Control for setup is the falling edge of AD or WR. 
Control for hold is the falling edge of AD or the rising edge of WR. 
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Single-Chip Modem 

MIN NOM MAX UNITS 

30 ns 

20 ns 

40 ns 

10 ns 

0 140 ns 

60 ns 

0 200 ns 

200 25000 ns 

140 25000 ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 
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CCITT V.23, V.21 
Single-Chip Modem 

TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ 

TlC TRW 

~ -'r-

WIt 

T1c 
TCl .I 

f-
TlC 1 TWW J 

-\-
TLA TRD TRDF I TWD 

L TAL ~.I ~ ~ 14 TOW t4~tl 
ADO-AD7 --K ADDRESS }---j( READ DATA}---j( ADDRESS }---j(WRITE DATA)f---

t:§ ---=-)- -~- -i- -~-

READ TIMING DIAGRAM (SERIAL VERSION) 

EXClK 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

M~----~--------------------------------------~I 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OAA 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 
OAAarrangements are shown: oneforasplit±50r±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. 

RS232 
LEVEL 

CONVERTERS 
8OC61 

CA 
RTS 

GND 
CB 

CTS 

CC OSR mJ IIREF 
CD DTR WI! 

AlE SSI 
CF 

DCD lllf K-SERIES 
LOW 

POWER 
FAMILY 

BA 
TXD 

BB RXD 

DA EXCLK 

DO 
RXCLJ( 

DB 
TXCLK 

U5,lJ6 
MC145406 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

K-Series devices are available with two control inter
face versions: one for a parallel multiplexed addressl 
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 controllerwill monitor the serial 
data for commands from the OTE 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-232 interface handshake lines are used for modem 
control. 

Cl 
390pF 

R9 
10K 

22K 

IIRI 
.F MOV 

V2SOL2O 

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 

C3 
O.lflF 

o. "'0_ 

"' 37.41(1% 

~f----<l~ 

C& R7 
O.lflF 201(1% 

~r1~~~~~--~ 

VOLTAGE 
REFERENCE 

.5. 

signals will clip H a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) 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 U1 A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

R' 201('" 

R2 201('" 

'" 4751% 

* Note: Op-amp Ul 
must be rated for 
single 5V operation. 
Rl0 & Rll values 
depend on Op-amp 
used. 

r----1r-----,........T .5. 

YR • 
.r M<YV 

V25<l.2O 

HOC>< >--------' 
~ ~------------------------------~ 

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 circuH 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, H 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/digHal design rules must be used to 
control system noise in order to obtain highest perform
ance in modem designs. The more digital circuHry 
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 j.l.F elec
trolytic capacitor in parallel with a 0.1 j.l.F ceramic ca
pacHor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digHal devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digHal functions on 
the board, and digHal 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. 

SSI73K321L 
CCITT V.23, V.21 

Single-Chip Modem 

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 (SIN) ratios reflect 
total power measurements similar to the CCITT V.56 
measurement specification. The individual tests are 
defined as follows. 

BERvs.S/N 

This test measures the abilHy 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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS CLK 

(TOP VIEW) XTLI 

XTL2 
RXA 

ADO 
VREF 

ADI 
RESET AD2 

ISET AD3 

RXCLK AD4 
RXD AD5 

AIl6 

EXCLK AD7 

ALE 

Wl'! 

1Ill" 

400-MII 
22-PlnDIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73K321 L with Parallel Bus Interface 

28·Pin 5 Volt Supply 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

SSI 73K321 L with Serial Interface 

22-Pin 5 Volt Supply 

Plastic Dual-ln-Line 

RXA 

VREF 

RESET 

ISET 

RXO 

TXD 

EXCLK 

TXA 

600-MII 
28-Pin DIP 

ORDER NO. 

SSI 73K321 L - IP 

SSI 73K321 L - IH 

SSI73K321SL -IP 

SSI 73K321 SL - IC 
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4321282726 

25 

24 

PLCC PINOUTS 23 

• ARE THE SAME AS 22 

10 

11 

THE 28·PIN DIP 21 

12 13 14 15 16 17 1B 

28-Lead 
PLCC 

PKG.MARK 

73K321L ·IP 

73K321L -IH 

73K321 SL - IP 

73K321 SL - IC 

20 

19 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations 
and are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current 
information. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. 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. 
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DESCRIPTION 

The 551 73K322L is a highly integrated single-chip 
modem IC which provides the functions needed to 
construct a cClrr V.23, V.22 and V.21 compatible 
modem, capable of 1200 or 0-300 bitls full-duplex 
operation or 0-1200 bitls half-duplex operation with or 
without the back channel over dial-up lines. The 
551 73K322L is an enhancement of the 551 73K221 L 
single-chip modem with performance characteristics 
suitable for European and Asian telephone systems. 
The 551 73K322L produces either 550 or 1800 Hz 
guard tone, recognizes and generates a 2100 Hz 
answer tone, and supports V.21 for 300 Hz F5K 
operation. It also operates in V.23, 1200 bitls F5K 
mode. The 551 73K322L integrates analog, digital, 
and switched-capacitor array functions on a single 
substrate,offering excellent performance and a high 
level of functional integration in a single 28- or 22-pin 
DIP configuration. The 551 73K322L operates from a 
single +5 volt supply with very low power consumption. 

The 551 73K322L includes the DP5K and F5K 
modulator/demodulator functions, call progress and 
handshake tone monitor test modes, and a tone 
generator capable of producing DTMF, answer, calling 
and 550 or 1800 Hz guard tone. This device supports 
V.23, V.22 (except mode v) and V. 21 modes of 
operation, allowing both synchronous and 

_/oaT 
\----.1'1 

II)" 
WIr o-_.-l 
AlE 
t:s 

RESET 

lIT 
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FEATURES 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

July, 1990 

One-chip CCITT V.23, V.22 and V.21 standard 
compatible modem data pump 
Full-duplex operation at 0-300 bltls (FSK) or 600 and 
1200 bitls (DPSK) or 0-1200 bltls (FSK) forward 
channel with or without 0-75 bltls back channel 

• Interfaces directly with standard microprocessors 
(8048, 8OC51 typical) 
Serial (22-pln DIP) or parallel microprocessor bus 
(28-pln DIP) for control 
Serial port for data transfer 

Both synchronous and asynchronous modes of 
operation 
Call progress, carrier, precise answer tone 
(2100 Hz), calling tone (1300 Hz) and FSK mark 
detectors 
DTMF and 550 or 1800 Hz guard tone generators 

Test modes available: ALB, DL, RDL, Mark, Space, 
Alternating bit patterns 
Precise automatic gain control allows 45 dB 
dynamic range 
Space efficient 22- or 28-pln DIP packages 

CMOS technology for low power consumption 
using 30 mW @ 5V from a single power supply 

PIN DIAGRAM 
CLK , .. GND 

XTL. 2 ., 
RD 

X1\.2 • II VAEF 

1XA ADO . .. RESET 

AD. .. !SET 
RXA ADZ 0 .. RXCLK 

AD. 7 " RXD 

A'" 0 " TXD 

ADS 0 H Ci 
ADO 11 11 EXCLK 
AD7 " 11 TXCLK 

ALE " " iiii 
Viii " 11 TXA 

RD ,. 11 YDD 

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

asynchronous communications. The SSI 73K322L is 
designed to appear to the systems designer as a 
microprocessor peripheral, and will easily interface 
with popular one-chip microprocessors (80C51 typi
cal) for control of modem functions through its 8-bit 
multiplexed address/data bus or via an optional serial 
control bus. An ALE control line simplifies address 
de multiplexing. Data communications occurs through 
a separate serial port only. 

The SSI 73K322L is ideal for use in either free standing 
or integral system modem products where multi-stan
dard data communications over the 2-wire switched 
telephone network is desired. Its high functionality, low 
power consumption and efficient packaging simplHy 
design requirements and increase system reliability. A 
complete modem requires only the addition of the 
phone line interface, a control microprocessor, and 
RS-232 level converter for a typical system. The 
SSI 73K322L is part of Silicon Systems K-Seriesfamily 
of pin and function compatible single-chip modem 
products. These devices allow systems to be config
ured for higher speeds and Bell or CCITT operation 
with only a single component change. 

OPERATION 

ASYNCHRONOUS MODE 

Data transmission for the DPSK mode requires that 
data ultimately be transmitted in a synchronous fash
ion, The SSI 73K322L includes ASYNC/SYNC and 
SYNC/ASYNC converters which delete or insert stop 
bits in order to transmit data at a regular rate. In 
asynchronous mode the serial data comes from the 
TXD pin into the ASYNC/SYNC converter. The 
ASYNC/SYNC converter accepts the data provided on 
the TXD pin which normally must be 1200 or 600 bit/s 
+ 1.0%, -2.5%. The rate converter will then insert or 
delete stop bits in orderto output a signal which is 1200 
or 600 bitls ± .01 % (± .01 % is the crystal tolerance). 

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

The serial data stream from the transmit buffer or the 
rate converter is passed through the data scrambler 
and onto the analog modulator. The data scrambler 

can be bypassed under processor control when 
unscrambled data must be transmitted. If serial input 
data contains a break signal through one character 
(including start and stop bits) the break will be 
extended to at least 2 • N + 3 bits long (where N is the 
number of transmitted bits/character). 

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

SYNCHRONOUS MODE 

The CCITTV.22 standard defines synchronous opera
tion at 600 and 1200 bit/so 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 ap
pearing at TXD must be valid on the rising edge of 
TXCLK. 

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

DPSK MODULATOR/DEMODULATOR 

In DPSK mode the SSI 73K322L modulates a serial bit 
stream into di-bit pairs that are represented by four 
possible phase shifts as prescribed by the V.22 stan
dards. The base-band signal is then filtered to reduce 
intersymbol interference on the bandlimited 2-wire 
telephone line. Transmission occurs using either a 
1200 Hz (originate mode) or 2400 Hz carrier (answer 
mode). Demodulation is the reverse ofthe 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 SSI73K322L uses a phase locked loop 
coherent demodulation technique for optimum 
receiver performance. 
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FSK MODULATOR/DEMODULATOR 

The FSK modulator produces a frequency modulated 
analog output signal using two discrete frequencies to 
represent the binary data. V.21 mode uses 980 and 
1180 Hz (originate, mark and space) or 1650 and 
1850 Hz (answer, mark and space). V.23 mode uses 
1300 and 2100 Hz for the main channel and 390 and 
450 Hz for the back channel. The modulation rate of 
the back channel is up to 75 baud. Demodulation 
involves detecting the received frequencies and 
decoding them into the appropriate binary value. The 
rate converter and scrambler/descrambler are auto
matically bypassed in the V.21 or V.23 modes. 

PASSBAND FILTERS AND EQUALIZERS 

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

AGC 

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

PARALLEL BUS INTERFACE 

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

SERIAL COMMAND INTERFACE 

The serial command interface allows access to the 
SSI 73K322L control and status registers via a serial 
command port (22-pin version only). In this mode the 
AO , A 1 and A2lines provide register addresses for data 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

passed through the data pin under control of the RD 
and WR lines. A read operation is initiated when the 
RD line is taken low. The first bit is available after RD 
is brought low and the next seven cycles of EXCLK will 
then transfer out seven bits of the selected address 
location LSB first. A write takes place by shifting in 
eight bits of data LSB first for eight consecutive cycles 
of EXCLK. WR is then pulsed low and data transferred 
into the selected register occurs on the rising edge 
ofWR. 

SPECIAL DETECT CIRCUITRY 

The special detect circuitry monitors the received 
analog signal to determine status or presence of car
rier, answer tone and weak received signal (long loop 
condition), special tones such as FSK marking and the 
1300 Hz calling tone are also detected. A highly 
frequency selective call progress detector provides 
adequate discrimination to accurately detect Euro
pean call progress signals. 

DTMF GENERATOR 

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

POWER 

NAME 28-PIN 22-PIN 

GND 28 1 

VDD 15 11 

VREF 26 21 

ISET 24 19 

TYPE 

I 

I 

0 

I 

PARALLEL MICROPROCESSOR INTERFACE 

ALE 12 - I 

ADO-AD7 4-11 - 1/0 

CS 20 - I 

ClK 1 2 0 

INT 17 13 0 

RD 14 - I 

RESET 25 20 I 

DESCRIPTION 

System Ground. 

Power supply input, 5V ±1 0%. Bypass with .1 and 22 J.1F 
capacitors to GND. 

An internally generated reference voltage. Bypass with 
.1 J.1F capacitorto GND. 

Chip current reference. Sets bias current forop-amps. The 
chip current is set by connecting this pin to VDD through a 
2 Mel resistor. ISET should be bypassed to GND with a 
.1 J.1F capacitor. 

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

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

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 of CS is latched on the falling edge 
of ALE. 

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 
DPSK modes only. The pin defaults to the crystal fre-
quency on reset. 

Interrupt. This open drain 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 low until the 
processor reads the detect register or does a full reset. 

Read. A low requests a read of the SSI 73K322l internal 
registers. Data cannot be output unless both RD and the 
latched CS are active or low. 

Reset. An active high signal on this pin will put the chip into 
an inactive state. All control register bits (CRO, CR1, Tone) 
will be reset. The output of the ClK pin will be set to the 
crystal frequency. An internal pull down resistor permits 
power on reset using a capacitor to VDD. 
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PARALLEL MICROPROCESSOR INTERFACE (Continued) 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

WR 13 - I Write. A low on this informs the SSI 73K322L that data is 
available on ADO-AD7 for writing into an intemal 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 

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

DATA - 8 1/0 Serial Control Data. Data for a read/write operation is 
clocked in or out on the falling edge of the EXCLK pin. The 
direction of data flow is controlled by the RD pin. RD low 
outputs data. RD high inputs data. 

RD - 10 I Read. A low on this input informs the SSI 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 
addressed register. The RD signal must continue for eight 
falling edges of EXCLK in order to read all eight bits of the 
referenced register. Read data is provided LSB first. Data 
will not be output unless the RD signal is active. 

WR - 9 I Write. A low on this input informs the SSI73K322Lthat 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 
ofWR. 

Note: In the serial, 22-pin version, the pins ADO-AD7, ALE and CS are removed and replaced with the 
pins; AO, A 1, A2, DATA, and an unconnected 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 AO, A1 and A2, respectively. 

DTE USER INTERFACE 

NAME 28-PIN 22-PIN TYPE DESCRIPTION 

EXCLK 19 15 I External Clock. This signal is used 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. 
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RS-232 INTERFACE (Continued) 

NAME 28-PIN 22-PIN 

RXCLK 23 18 

RXD 22 17 

TXCLK . 18 14 

TXD 21 16 

TYPE 

0 

0 

0 

I 

ANALOG INTERFACE AND OSCILLATOR 

RXA 27 22 I 

TXA 16 12 0 

XTL1 2 3 I 
XTL2 3 4 I 

DESCRIPTION 

Receive Clock. The falling edge of this clock output is 
coincident with the transitions in the serial received DPSK 
data output. The rising edge of RXCLK can be used to latch 
the valid output data. RXCLK will be valid as long as a 
carrier is present. In V.23 or V.21 mode a clock which is 
16 x1200 or 16 x 300 Hz baud data rate is output, respec-
tively. 

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

Transmit Clock. This signal is used 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 synchronization 
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 V.23 
orV.21 mode the output is a 16x 1200 or 16x 300 Hz baud 
clock, respectively. 

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 1200/600 bitls +1%, -2.5% or +2.3%, -2.5 % in 
extended overspeed mode. 

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

Transmit analog output to the telephone line interface. 

These pins are for the internal crystal oscillator 
requiring a 11.0592 MHz parallel mode crystal and two load 
capacitors to Ground. XTL2 can also be driven from an 
external clock. 
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REGISTER DESCRIPTIONS 

Four 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AO and A 1 
address lines in serial mode, orthe ADO and AD1lines 
in parallel mode. The ADO and AD1 lines are latched 
by ALE. Register CRO controls the method by which 
data is transferred over the phone line. CR1 controls 

REGISTER BIT SUMMARY 

CRO 

CONTROL ENABLE 
REGISTER CRI 001 DETECT 

1 INTERRUPT 

DETECT RECBYE 
REGISTER DR 010 DATA 

TONE 
CONTROL TR 011 
REGISTER 

CONTROL 
REGISTER CR2 100 

2 

CONTROL 
REGISTER CR3 101 

3 

ID 
REGISTER ID 110 

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

SSI73K322L 
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the interface between the microprocessor and the 
SSI 73K322L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con
trols the DTM F generator, answer and guard tones and 
RXD output gate used in the modem initial connect 
sequence. All registers are readiwrite except for DR 
which is read only. Register control and status bits are 
identified below: 

BYPASS 
CLK SCRAMBLER! TEST TEST 

ADDPH.EQ. CONTROL RESET MODE MODE 

(V.23) 1 0 

UNseR. CARRIER SPECIAL CALL LONG 
MARKS DETECT TONE PROGRESS LOOP 

DTMF3 
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REGISTER ADDRESS TABLE 

0_1200 Bms DPSK 
1-600 BITIS DPSK 
0_V23 FSK 
l_V.21 FSK 

OOOo-PWR DOWN 
0OOI_INT SYNCH 
0010-EXT SYNCH 
DOll_stAVE SYNCH 
010o-ASYNCH 8 BITSICHAR 
01D1..ASYNCH 9 BrrOOHAR 
011o.ASYNCH 10 BITSICHAR 
Dl11.,J\SYNCH 11 BITSICHAR 
ll00-FSK 

O_XTAL 
1-16 X DATA 
RATE OUTPUT 
ATCLKPININ 
DPSKMQDE 
ONLY 

us 2121103 OR 73K322 V.23IV.22IV.21 
EUROPEAN V.22IV.21 or 73K3D2L 

O_NORM'lL 
1.ALLOWS V.23 FULL 

DUPLEX OPERATION 

10 .. 73K222BELL2121103ANDV.22IV.21 or73K321 V.23IV.21 
110_73K224L BELL 212/1 03 AND V.22 bisIV.22N.21 
111.73t(324 V.22biI. V,22. V.21. V.23 

1-204 

O_ANSWER 
1..oRIGlNATE 
IN V.23 MODE: 
O_RECEIVE@ 1200 Bms, 
TRANSMT@75BIT/s 
l_RECEIVE@75BIT/S, 
TRANSMT@12OOBIT/s 

0_1600 Hz G.T. (Y.22). 
2225 Hz ANS TONE 
GENERATED, FSK 
MARK DETECT 
SELECTED 

1_550 HzG.T. (Y.22) 
2100 Hz ANS TONE 
GENERATED a 
DETECTED (Y.21, V.22) 
1300 Hz DETECTED(V.23) 
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CONTROL REGISTER 0 

D7 

SSI73K322L 
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D5 D4 D3 D2 D1 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER/ 

BIT NO. 

DO 

D1 

D5, D4,D3, 
D2 

NAME 

Answer/ 
Originate 

Transmit 
Enable 

Transmit 
Mode 

MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

CONDITION 

o 

o 0 0 0 

000 

001 0 

001 

o 0 0 

010 

o 0 

o 

DESCRIPTION 

Selects answer mode (transmit in high band, 
receive in low band or in V.23 HDX mode, receive at 
1200 75 

Selects originate mode (transmit in low band,receive in 
high band or in V.23 HDX mode, receive at 75 bitls and 
transmit at 1200 bitls). 

Note: This bit works with TR bit DO to program special 
tones detected in Tone Register. See detect and tone 

Note: Answer tone and DTMF TX control require TX 
enable. 

Selects power down mode. All functions 
disabled interface. 

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 

of RXCLK. 

External synchronous mode. Operation is identical to 
internal synchronous, but TXCLK is connected inter
nallyto EXCLK pin, and a 1200 Hz± 0.01% clock must 
be supplied externally. 

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

DPSK asynchronous - 8 bits/character 
bit, 6 data bits, 1 

Selects DPSK asynchronous mode - 9 bits/character 
1 start bit, 7 data bits, 1 

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

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

D7 D5 D4 D3 D2 D1 DO 

CRO MODUL. 
000 OPTION 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWER! 
MODE 3 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME DESCRIPTION 

D7 D5 D4 Selects: 

D7 Modulation 

Option 

FSK CCITI V.21 mode. 

CONTROL REGISTER 1 

D7 D6 D5 D4 D3 D2 D1 DO 

TRANSMIT TRANSMIT ENABLE BYPASS ClK TEST TEST 
CR1 PATIERN PATIERN DETECT SCRAMBI CONTROL RESET MODE MODE 
001 1 0 INTER. ADD 1 0 

PH. Ea. 

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. 

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

1 1 Selects local digital loopback. Intemally loops TXD 
back to RXD and continues to transmit carrier from 
TXApin. 

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) 

i i i 
07 06 05 

TRANSMIT TRANSMIT ENABLE 
CR1 PATTERN PATTERN DETECT 
001 1 0 INTER. 

BIT NO. NAME CONDITION 

03 ClK Control 0 

1 

04 Bypass 0 
Scrambler! 

Add Phase 1 
Equalization 

05 Enable Detect 0 

1 

07 06 

07,06 Transmit 0 0 
Pattern 

0 1 

1 0 

1 1 

0790- rev. 
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i i i i i 
04 03 02 01 DO 

BYPASS ClK TEST TEST 
SCRAMB! CONTROL RESET MODE MODE 

ADD 1 0 
PH. Ea. 

DESCRIPTION 

Selects 11.0592 MHz crystal echo output at ClK 
pin. 

Selects 16 Xthe data rate, output at ClK pin in DPSK 
modes only. 

Selects normal operation. DPSK data is passed 
through scrambler. 

Selects Scrambler Bypass. DPSK data is routed 
around scrambler in the transmit path. In V.23 mode, 
additional phase equalization is added to the main 
channel filters when 04 is set to 1. 

Disables interrupt at INT pin. 

Enables INT output. An interrupts will be generated 
with a change in status of DR bits 01-04. The special 
tone and call progress detect interrupts are masked 
when the TX enable bit is set. Carrier detect is masked 
when TX OTMF is activated. All interrupts will be 
disabled H the device is in power down mode. 

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

Selects an alternating mark/space transmit pattern for 
modem testing. 

Selects a constant mark transmit pattern. 

Selects a constant space transmit pattern. 
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DETECT REGISTER 

DR 
010 

BIT NO. NAME CONDITION 

DO 

01 

02 

long loop 

Call Progress 
Detect 

Special Tone 
Detect 

1 

0 

o 

DESCRIPTION 

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 band. 

No special tone detected as programmed by 
CRO bit DO and Tone bit DO. 

(2) 1300 Hz calling tone if DO of TR=1 and the device 
is in V.21, or V.22 answer mode. 

(3) an FSK mark in the mode the device is set to 
receive. 

03 Carrier Detect 1---~---1--~~~~~~~~~~~~~~~------I 

04 

D5 

D6,D7 

1 

Unscrambled 

Indicated carrier has been detected in the received 
channel. 

Mark ~-----4-------------------1 
Indicates detection of unscrambled marks in 

Receive 
Data 

the received data. A valid indication requires that 
unscrambled marks be received for> 165.5 ± 6.5 ms. 
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. 

Not used. 
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TONE REGISTER 
I I I I I 

07 06 05 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARDI ANSWER 
011 CONTR. CALLING TONE 

TONE 

BIT NO. NAME CONDITION 

D6 05 D4 00 

00 OTMFO X X 1 X 

Guard Tonel 1 X 0 0 
Answer Tone 

Special Tonel 1 X 0 1 
OetecUSelect 

X X 0 0 

X X 0 1 

X 0 0 0 

X 1 0 1 

04 01 

01 DTMF 11 0 0 
Overspeed 0 1 

02 OTMF 21 0 
V.23 FOX 1 

D3 D2 D1 00 

03,02, DTMF3, 0 0 0 0-

01,00 2,1,0 1 1 1 1 

0790- rev. 
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I I I i 
04 03 02 D1 00 

TRANSMIT OTMF 21 DTMF 11 DTMF 01 
OTMF DTMF3 V.23 FDX OVER- G.T.lANSW.I 

SPEED SP. TONE! 
SELECT 

DESCRIPTION 

00 interacts with bits 06, 04, and CRO as shown. 

Transmit OTMF tones. 

Select 1800 Hz guard tone if in V.22 and answer 
mode in CRO. 

Select 550 Hz guard tone if in V.22 and answer mode 
inCRO. 

Mark of an FSK mode selected in CRO is to be detected 
in D2 of OR. 

2100 Hz answer tone will be detected in D2 of DR if 
V.21 or V.22 originate mode is selected in CRO. 

1300 Hz calling tone will be detected in D2 of DR if V.21, 
or V.22 answer mode is selected in CRO. 

Transmit 2225 Hz Answer Tone 

Transmit 2100 Hz Answer Tone 

01 interacts with 04 as shown. 

Asynchronous DPSK 1200 or 600 bills +1.0% -2.5%. 

Asynchronous OPSK 1200 or 600 biUs +2.3% -2.5%. 

Half-duplex asymetric operation in V.23 mode. 

Full-duplex (4-wire) operation in V.23 mode. 

Programs 1 of 16 OTMF tone pairs that will be 

transmitted when TX OTM F andTX enable bit (CRO, bit 
01) are set. Tone encoding is shown below: 

KEYBOARO OTMFCOOE TONES 
EQUIVALENT 03 02 01 00 LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 
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TONE REGISTER (Continued) 

D7 D6 D5 

RXD TRANSMIT TRANSMIT 
TR OUTPUT GUARD/ ANSWER 
011 CONTR. CALLING TONE 

TONE 

BIT NO. NAME CONDITION 

D3, D2, 
D1, DO 

(Cont.) 

D4 Transmit 0 
DTMF 1 

D5 Transmit 0 
Answer Tone 1 

D6 TX Guard or 0 
Calling Tone 

1 

D7 RXD Output 0 
Control 

1 

D4 D3 D2 D1 DO 

TRANSMIT DTMF2/ DTMF 1/ DTMF 0/ 
DTMF DTMF3 V.23 FDX OVER- GUARD/ 

SPEED SPECIAL 
TONESEL 

DESCRIPTION 

KEYBOARD DTMFCODE TONES 
EQUIVALENT D3 D2 D1 DO LOW HIGH 

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 

8 1 1 1 0 770 1633 

C 1 1 1 1 852 1633 

D 0 O. 0 0 941 1633 

Disable DTMF. 

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

Disables answer tone generator. 

Enables answer tone generator. A 2100 Hz 
answer tone will be transmitted continuously when the 
transmit enable bit is set. The device must be in answer 
mode. To transmit answer tone, the device must be in 
DPSK answer mode. 

Disables guard/calling tone generator. 

Transmit guard tone if in V.22 and answering; 
otherwise transmit calling tone, in any other mode 
including V.23 mode. 

Enables RXD pin. Receive data will be output on 
RXD. 

Disables RXD pin. The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 
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IDREGISTER 

ID 
110 

D7 

ID 

D6 D5 

ID ID 

BIT NO. NAME CONDITION 

D7,D6 Device 
Identification 

Signature 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

DESCRIPTION 

RATING 

14 

-65 to 150 

260 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

UNIT 

V 

°C 

°C 

Applied Voltage -0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voltage 4.5 5 5.5 V 

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 ~F 

Bias setting resistor (Placed between VDD and ISET pins) 1.8 2 2.2 Mil 

ISET Bypass Capacitor (ISET pin to GND) 0.1 ~F 

VDD Bypass Capacitor 1 (External to GND) 0.1 ~F 

VDD Bypass Capacitor 2 (External to GND) 22 ~F 

XTL 1 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 

100, Supply Current ISET Resistor = 2 MO 

IDDA, Active ClK = 11.0592 MHz 

IDD1, Power-down ClK = 11.0592 MHz 

IDD2, Power-down ClK = 19.200 KHz 

Digital Inputs 

VIH, Input High Voltage 

Reset, XTl1, XTL2 3.0 

All other inputs 2.0 

Vll, Input low Voltage 0 

IIH, Input High Current VI =VIH Max 

Ill, Input low Current VI =Vll Min -200 

Reset Pull-down Current Reset = VDD 1 

Input Capacitance All Digital Input Pins 

Digital Outputs 

VOH, Output High Voltage 10H MIN = -0.4 rnA 2.4 

VOL, Output low Voltage 10 MAX = 1.6 rnA 

VOL, ClK Output 10 =3.6 rnA 

RXD Tri-State Pull-up Curro RXD=GND -1 

CMAX, ClK Output Maximum Capacitive load 

capacitance 

Inputs Capacitance, all Digital Input pins 

XTAl1, 2 load Capacitors Depends on crystal characteristics 15 

ClK Maximum Capacitive load 

1-212 

NOM MAX UNITS 

8 12 rnA 

4 rnA 

3 rnA 

VDD V 

VDD V 

0.8 V 

100 JlA 
JlA 

50 JlA 
10 pF 

VDD V 

0.4 V 

0.6 V 

-50 JlA 
15 pF 

10 pF 

60 pF 

15 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

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

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

DPSK Modulator 

Carrier Suppression Measured at TXA 45 dB 

Output Amplitude TX scrambled marks -11 -10 -9 dBmO 

FSK Modulator 

Output Freq. Error ClK = 11.0592 MHz -0.35 +0.35 0/0 

Transmit level Transmit Dotting Pattern -11 -10 -9 dBmO 

Harmonic Distortion THD in the alternate band -60 -50 dB 
in 700-2900 Hz band DPSKor FSK 

Output Bias Distortion Transmit Dotting Pattern ±3 % 
InAlB@ RXD 

Total Output Jitter Random Input in ALB @ RXD -10 +10 % 

DTMF Generator 

Freq. Accuracy Must be in V.22 mode -.25 +.25 % 

Output Amplitude low Band, V.22 mode -10 -9 -8 dBmO 

Output Amplitude High Band, V.22 mode -8 -7 -6 dBmO 

Twist High-Band to low-Band, V.22 mode 1.0 2.0 3.0 dB 

Long Loop Detect With Sinusoid -38 -28 dBmO 

Dynamic Range Refer to Performance Curves 45 dB 

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

o 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 

can Progress Detector 

Detect Level -3 dB points in 285 and 675 Hz 

Reject Level Test signal is a 460 Hz sinusoid 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

carrier Detect 

Threshold DPSK or FSK receive data 

. Delay Time 

V.21 

V.22 

V.23 Forward Channel 

V.23 Back Channel 

Hold Time 

V.21 

V.22 

V.23 Forward Channel 

V.23 Back Channel 

Hysteresis 

Special Tone Detectors 

Detect Level See definitions for 
TR bit DO mode 

Delay Time 

2100 Hz answer tone 

1300 Hz calling tone 

390Hz 
V.23 back channel mark 

1-214 

MIN NOM MAX UNITS 

-38 dBmO 

-45 dBmO 

40 ms 

40 ms 

2 dB 

-48 -43 dBmO 

10 20 ms 

15 32 ms 

6 12 ms 

25 40 ms 

6 20 ms 

10 24 ms 

3 8 ms 

10 25 ms 

2 dB 

-48 -43 dBmO 

10 25 ms 

10 25 ms 

20 65 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Special Tone Detectors (Continued) 

980 or 1650 Hz 
V.21 marks 

Hold Time 

2100 Hz answer tone 

1300 Hz calling tone 

390 Hz 
V.23 back channel mark 

980 or 1650 Hz 
V.21 marks 

Hysteresis 

Detect Freq. Range Any Special Tone 

Output Smoothing Filter 

Output load TXA pin; FSK Single 
Tone out for THO = -50 dB 
in 0.3 to 3.4 kHz 

Out of Band Energy Frequency> 12 kHz in all modes 

Output Impedance TXA pin, TXA enabled 

Clock Noise TXA pin; 76.8 kHz or 
122.88 kHz in V.23 main channel 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10 Hz to +10 Hz Carrier 
Freq. Change Assum. 

Recovered Clock 

Capture Range % of frequency 
center frequency 
(center at 1200 Hz) 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin 
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MIN NOM MAX UNITS 

10 25 ms 

4 15 ms 

3 10 ms 

10 25 ms 

5 15 ms 

2 dB 

-3 +3 % 

10 kn 

50 pF 

-60 dBmO 

20 50 n 

0.1 0.4 mVrms 

-10 +10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Guard Tone Generator 

Tone Accuracy 550 or 1800 Hz 

Tone Level 550Hz 

(Below DPSK Output) 1800 Hz 

Harmonic Distortion 550 Hz 

700 to 2900 Hz 

Timing (Refer to Timing Diagrams) 

TAL CS/Addr. setup before ALE Low 

TLA CS/Addr. hold after ALE Low 

TLC ALE Low to RDIWR Low 

TCL RD/WA Control to ALE High 

TAD Data out from AD Low 

TLL ALE width 

TADF Data float after AD High 

TAW AD width 

TWW WAwidth 

TOW Data setup before WA High 

TWD Data hold after WA High 

TCKD Data out after EXCLK Low 

TCKW WA after EXCLK Low 

TOCK Data setup before EXCLK Low 

TAC Address setup before control" 

TCA Address hold after control" 

TWH Data Hold after EXCLK 

" Control for setup is the falling edge of AD or WA. 
Control for hold is the falling edge of AD or the rising edge of WR. 
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MIN NOM MAX UNITS 

-20 +20 Hz 

-4.0 -3.0 -2.0 dB 

-7.0 -6.0 -5.0 dB 

-50 dB 

30 ns 

20 ns 

40 ns 

10 ns 

0 140 ns 

60 ns 

0 200 ns 

200 25000 ns 

140 25000 ns 

150 ns 

20 ns 

200 ns 

150 ns 

150 ns 

50 ns 

50 ns 

20 
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TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

~ 
ALE ~ _______ _ 

TLC 

ADO-AD7 

READ TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

AO-A2 

DATA --+ 

WRITE TIMING DIAGRAM (SERIAL VERSION) 

EXCLK 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

AO-A2. ---t----------------------l*1\ 

DATA 
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APPLICATIONS INFORMATION 

GENERAL CONSIDERATIONS 

Figures 1 and 2 show basic circuit diagrams for 
K-Series modem integrated circuits. K-Series prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OAA 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 
OAAarrangementsareshown: oneforasplit±50r±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. 

"'232 LEVEL 
CONVERTERS 

8OC61 

CA RTS 
OND 

CB CTS 

co DOR 
YREF 

CD DTR 

ALE SSI 
CF 

DCD ll1! K..sERIES 
LOW 

POWER 
FAMILY 

SA 

•• 
DA 

RXCLK DO 
TXCLK DB 

us. us 
MC145401 

K-Series devices are available with two control inter
face versions: one for a parallel muHiplexed addressl 
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 controllerwill monitorthe serial 
data for commands from the OTE and the received 
data for break signals from the far end modem. In this 
way, commands to the modem are sent over the same 
line as the transmitted data. In other applications the 
RS-232 interface handshake lines are used for modem 
control. 

CI 
""pF 

lIS 
3UK 

.. 
10K 

.. 
20K 

~ __ ~--------~~T 

L-__ ~ ______ +-~~R 

22K 

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 

C3 
O.1pF 

Cl 
390pF 

"' 37AK t% 

~ 1-------4...:.< 

R6 
22.1K 

C6 R7 co 
O.Ij4F 201<1"4 750pF 

~~~~~~~--4 

VOLTAGE 
REFERENCE 

SSI73K322L 
CCITT V.23, V.22, V.21 

Single-Chip Modem 

signals will clip if a single-ended drive approach is 
used. The bridged driver uses an extra op-amp (U1 A) 
to invert the signal coming from the gain setting op-amp 
(U1 B) 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 
~pposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

Rl 
201(1% 

R2 
201(1% 

R3 
4751"4 

C2 
O.033~ 

Tl 
MIDCOM 

• Nola: Op-amp Ul 
musl be rated for 
single 5V operation. 
Rl0 & Rll values 
depend on Op-amp 
used. 

671-aoosr----, ________ ~p__t> 

VRI 
MOV 

II25<L2O 

~_4-------+~~R 

HOOK >--__________ -l 

~ ~------------------------------~ 
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 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 I1F elec
trolytic capacitor in parallel with a 0.1 I1F ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-5eries 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 (SIN) 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 SIN 
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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BER point, is the measure 
of dynamiC range. 
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DESCRIPTION 

The 551 73K324L is a highly integrated single-chip 
modem IC which provides the functions needed to 
design a quad-mode CCITT compatible modem 
capable of operation over dial-up lines. The 
S5173K324L adds V.23 capability to the CCITT 
modes of 5SI's 73K224 one-chip modem, allowing a 
one-chip implementation in designs intended for 
European markets which require this added modula
tion mode. The 551 73K324L offers excellent perfor
mance and a high level of functional integration in a 
single 2S-pin DIP. The device supports V.22bis, V.22, 
V.21, and V.23 operating modes, allowing both syn
chronous and asynchronous operation as defined by 
the appropriate standard. 

The S51 73K324L is designed to appear to the 
Systems Engineer as a microprocessor peripheral, 
and will easily interface with popular one-chip 
microcontrollers (SOC51 typical) for control of modem 
functions through its S-bit multiplexed address/data 
bus. An optional serial control bus is also available for 
applications not requiring a parallel interface. Data 
communications occurs through a separate serial port. 

(Continued) 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

FEATURES 

One-chlp multi-mode CCITTV.22bls, V.22, V.21, 
V.23 compatible modem data pump 

• FSK (75, 300/1200 blt/s), OPSK (600, 1200 bit/s), or 
QAM (2400 bit/s) encoding 

Pin and software compatible with other 
551 K-Serles family one-chlp modems 

Interfaces directly with standard microprocessors 
(8048, 80C51 typical) 
Serial or parallel microprocessor bus for control 

Selectable asynch/synch with internal bufferl 
debuffer and scrambler/descrambler functions 

All synchronous (internal, external, slave) and 
asynchronous operating modes 

Adaptive equalization for optimum performance 
overall lines 

• Programmable transmit attenuation (15 dB, 1 dB 
steps), and selectable receive boost (+12 dB) 

• Call progress, carrier, answer tone, unscrambled 
mark, 51, SCT (900 Hz) calling tone (1300 Hz) and 
signal quality monitors 
OTMF, answer, calling, SCT and guard tone 
generators 
Test modes available: ALB, OL, ROL, Mark, Space 
and Alternating bit patterns 

CMOS technology for low power consumption 
4-wire full duplex operation in all modes 

BLOCK DIAGRAM 
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DESCRIPTION (Continued) 

The SSI 73K324L offers full hardware and software 
compatibility with other products in Silicon Systems' 
K-Series family of single-chip modems, allowing sys
tem upgrades with a single component change. The 
SSI 73K324L is ideal for use in free-standing or integral 
system modem products where full-duplex 2400 bitls 
operation with aHernate mode capability is required. Its 
high functionality, low power consumption, and effi
cient packaging simplify design requirements and 
increase system reliability. A complete modem 
requires only the addition of the phone line interface, a 
control microprocessor, and RS-232 level converters 
for a typical system. 

The SSI 73K324L is designed to provide a complete 
V.22bis, V.22, V.21, and V.23 compatible modem on a 
Chip. Many fu nctions were included to simplify implem
entation in typical modem designs. In addition to the 
basic 2400 bitls QAM, 1200/600 bitls DPSK and 1200/ 
300/75 bitls FSK modulator/demodulator sections, the 
device also includes synchlasynch buffering, DTMF, 
guard, and calling tone generator capabilities. Hand
shake pattern detectors simplify control of connect 
sequences, and precise tone detectors allow accurate 
detection of call progress, answer back, and calling 

. tones. All operating modes defined by the incorporated 
standards are included, and test modes are provided 
for simplified diagnostics. Most functions are 
selectable as options, and logical defauHs are provided 
when override modes are activated. The device can be 
directly interfaced to a microprocessor via its 8-bit 
muHiplexed address/data bus for control and status 
monitoring. Data communications takes place through 
a separate serial port. Data may also be sent and 
received through the control registers. This simplifies 
designs requiring speed buffering, error control and 
compression. 

FUNCTIONAL DESCRIPTION 

QAM MODULATOR/DEMODULATOR 

The SSI 73K324L encodes incoming data into quad
bits represented by 16 possible signal points with 
specific phase and amplitude levels. The baseband 
signal is then fiHered to reduce intersymbol interfer
ence on the band limited 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 fiHer parameters to compen
sate for line characteristics. 

DPSK MODULATOR/DEMODULATOR 

The SSI 73K324L modulates a serial bit stream into 
di-bit pairs that are represented by four possible phase 
shifts as prescribed by the Bell 212AIV.22 standards. 
The baseband signal is then fiHered to reduce inter
symbol interference on the bandlimited 2-wire PSTN 
line. Transmission occurs on either a 1200 Hz (origi
nate mode) or 2400 Hz carrier (answer mode). 
Demodulation is the reverse of the modulation pro
cess, with the incoming analog signal eventually de
coded into di-bits and converted back to a serial bit 
stream. The demodulator also recovers the clock 
which was encoded into the analog signal during 
modulation. Demodulation occurs using either a 
1200 Hz carrier (answer mode or ALB originate mode) 
or a 2400 Hz carrier (originate mode or ALB answer 
mode). The SSI73K324L use a phase locked loop 
coherent demodulation technique that offers excellent 
performance. Adaptive equalization is also used in 
DPSK modes for optimium operation with varying 
lines. 

FSK MODULATOR/DEMODULATOR 

The FSK modulator/demodulator produces a fre
quency modulated analog output signal using two 
discrete frequencies to represent the binary data. V.21 
frequencies of 980 and 1180 Hz (originate mark and 
space), or 1650 and 1850 Hz (answer mark and space) 
are used in V.21 mode. V. 23 mode uses 1300 and 
2100 Hz for the main channel or 390 and 450 Hz forthe 
back channel. Demodulation involves detecting the 
received frequencies and decoding them into the 
appropriate binary value. The rate converter and 
scrambler/descrambler are bypassed in the FSK 
modes. 

PASSBAND FILTERS AND EQUALIZERS 

High and low band fiHers are included to shape the 
amplitude and phase response of the transmit and 
receive signals and to provide compromise delay 
equalization as well as rejection of out-of-band signals. 
The transmit signal filtering corresponds to a -./75% 
raised cosine frequency response characteristic. 
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ASYNCHRONOUS MODE 

The asynchronous mode is used for communciation 
with asynchronous terminals which may transfer data 
at 600, 1200, or2400 bitls + 1 %, -2.5% even though the 
modem's output is limited to the nominal bit rate±.01 %. 
When transmitting in this mode the serial data on the 
TxD input is passed through a rate converter which 
inserts or deletes stop bits in the serial bit stream in 
order to output a signal that is the nominal bit rate 
±.01%. This signal is then routed to a data scrambler 
and into the analog modulator where di-bit or quad-bit 
encoding results in the output signal. Both the rate 
converter and scrambler can be bypassed for hand
shaking, FSK, and synchronous operation as 
selected. Received data is processed in a Similar 
fashion except that the rate converter now acts to 
reinsert any deleted stop bits and output data to the 
terminal at no greater than the bit rate plus 1%. An 
incoming break signal (low through two characters) will 
be recognized in accordance with the appropriate 
standard and passed through without incorrectly 
inserting a stop bit. 
The SYNC/ASYNC converter has an extended 
overspeed mode which allows selection of an output 
speed range of either + 1 % or +2.3%. In the extended 
overspeed mode, some stop bits are output at 7/8 the 
normal width. 

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

SYNCHRONOUS MODE 

Synchronous operation is possible only in the QAM or 
DPSK modes. Operation is similar to that of the 
asynchronous mode except that data must be synchro
nized to a clock and no variation in data transfer rate is 
allowable. Serial input data appearing at TXD must be 
valid on the rising edge of TXCLK. 
TXCLK is an internally derived 1200 or 2400 Hz 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 
asynchlsynch converter is bypassed when synchro
nous mode is selected and data is transmitted out at 
essentially the same rate as it is input. 

SSI73K324L 
CCITI V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

PARALLEL BUS INTERFACE 

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

SERIAL COMMAND INTERFACE 

The serial command mode allows access to the 
SSI 73K324 control and status registers via a serial 
command port. In this mode the AD, A1, and A2lines 
provide register addresses for data passed through the 
data pin under control of the AD and WA lines. A read 
operation is initiated when the RD line is taken low. The 
next eight cycles of EXCLK will then transfer out eight 
bits of the selected addresss location LSB first. 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. 

TONE GENERATOR 

The tone generator will output one of 16 standard dual 
tones determined by a 4-bit binary value and TX DTM F 
mode bit previously loaded into the tone register. 
Guard, answer, SCT and calling tones are also pro
vided by this section. 

FULL DUPLEX OPERATION 

Four wire full duplex operation is allowed in all modes. 
This feature allows transmission and reception in the 
same band for four wire applications only. 
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PIN DESCRIPTION 

POWER 

NAME 28-PIN 32-PIN 

GND 28 32 

VDD 15 17 

VREF 26 30 

ISET 24 27 

TYPE DESCRIPTION 

I SySiem Ground. 

I Power supply input, 5V ±10%. Bypass with .1 and 22 IlF 
capacitors to GND. 

0 An internally generated reference voltage. Bypass with .1 IlF 
capacitor to GND. 

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 GN D with a.1 IlF capacitor. 

PARALLEL MICROPROCESSOR INTERFACE 

NAME 28-PIN 32-PIN TYPE DESCRIPTION 

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

ADO-AD7 4-11 4,6-12 I/O . Address/data bus. These bidirectional tri-state muHi-plexed lines 
carry information to and from the internal registers. 

CS 20 23 I Chip select. A low on this pin allows a read cycle or a write cycle 
to occur. ADO-AD7 will not be driven and no registers will be 
written if CS (latched) is not active. CS is latched on the falling 
edge of ALE. 

ClK 1 1 0 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 defauHs to the crystal frequency on reset. 

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

RD 14 16 I Read. A low requests a read of the SSI 73K324l internal 
registers. Data cannot be output unless both RD and the latched 
CS are active or low. 

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

WR 13 15 I Write. A low on this informs the SSI73K324l 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 low. 

Note: The serial control mode is provided in the 28-pin version by tying ALE high and CS low. In this 
configuration AD7 becomes DATA and ADO, AD1 and AD2 become AO, A1 and A2, respectively. 
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RS-232 INTERFACE 

• , , 
NAME 28-PIN 32-PIN 

EXCLK 19 22 

RXCLK 23 26 

RXD 22 25 

TXCLK 18 20 

TXD 21 24 

ANALOG INTERFACE 

RXA 27 32 

TXA 16 18 

XTL1 2 2 
XTL2 3 3 

)790- rev. 

, 
TYPE 

I 

0 

0 

0 

I 

I 

0 

I 
I 
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• 
DESCRIPTION 

External Clock. This signal is used in synchronous transmission 
when the external timing option has been selected. Inthe external 
timing mode the rising edge of EXCLK is used to strobe synchro-
nous DPSK transmit data available on the TXD pin. Also used for 
serial control interface. 

Receive Clock Tristate. The falling edge of this clock output is 
coincident with the transitions in the serial received DPSK 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. 
InV.230rV.21 mode a clock which is 16x 12001750r16x300 Hz 
data rate is output, respectively. 

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

Transmit ClockTristate. This signal is used 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 synchronization 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 
V.23 or V.21 mode the output is a 16 x 1200175 or 16 x 300 Hz 
clock, respectively. 

Transmit Data Input. Serial data for transmission is input on this 
pin. In synchronous modes, the data must be valid on the riSing 
edge of the TXCLK clock. In asynchronous modes (2400/12001 
600 bitls or300 baud) no clocking is necessary. DPSKlQAM data 
must be +1%, -2.5% or +2.3%, -2.5 % in extended overspeed 
mode. 

Received modulated analog signal input from the phone line. 

Transmit analog output to the phone line. 

These pins are for the internal crystal oscillator requiring a 
11.0592 MHz parallel mode crystal. Two capacitors from these 
pins to ground are also required for proper crystal operation. 
Consult crystal manufacturer for proper values. XTL2 can also be 
driven from an external clock. 
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REGISTER DESCRIPTIONS 

Seven 8-bit internal registers are accessible for control 
and status monitoring. The registers are accessed in 
read or write operations by addressing the AD, A 1 and 
A2 address lines in serial mode, or the ADO, AD1 and 
AD2 lines in parallel mode. The address lines are 
latched by ALE. Register CRO controls the method by 
which data is transferred over the phone line. CR1 
controls the interface between the microprocessor and 

REGISTER BIT SUMMARY· 

CONTROL 
MODULATION MODULATION MODULATION 

REGISTER CRO 000 TYPE TYPE 
0 OPTION 1 0 

CONTROL TRANSMIT TRANSIfi ENABLE 
REGISTER CRl 001 PATTERN PATTERN DETECT 

·1 1 0 INTERRUPT 

DETECT RECEIVE PATTERN RECEIVE 
REGISTER DR 010 LEVEL 81DET DATA 

TONE RXD TRANSMIT TRANSMT 
CONTROL TR 011 OUTPUT GUARD ANSWER 
REGISTER CONTROL TONE TONE 

CONTROL 8PECIAL CALL 
REGISTER CR2 100 REGISTER 

2 ACCESS 
INiTlAUZE 

CONTROL TXlRX 
REGISTER CR3 101 TXDALT CLOCK 

3 CONTROL 

SPECIAL 
. REGISTER 8R 101 TXBAUD RXUNSCR. 

CLOCK DATA 

10 
REGISTER ID 110 

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

the SSI73K324L internal state. DR is a detect register 
which provides an indication of monitored modem 
status conditions. TR, the tone control register, con
trols the DTM F generator, answer and guard tones 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 readlwrite except 
for DR and ID which are read only. Registercontrol and 
status bits are identified below: 

TRANSMIT TRANSMIT TRANSMIT TRANSMIT ANSWERI 
MODE MODE MODE 

2 1 0 
ENABLE OFiGINATE 

BYPASS 
SCRAMBLER CLK TEST TEST 
ADDPH.EQ. CONTROL RESET MODE MODE 

(V.23) 1 0 

UNSCR. SPECIAL CALL 
MARK CARRIER TONE PROGRESS SIGNAL 

DETECT DETECT DETECT DETECT QUALITY 

TRANSMIT DTMF3 ImIIF2I 1mIIF11 
ANSWERI DTIIF 4WIREFDX OVERSPEED 

CALUNGISCT 

TRANSMIT TRAIN 
lSWAY 

RESET EQUAUZER 
81 DSP INHIBIT ENABLE 

RECEIVE TRANSMIT TRANSMIT TRANSMIT TRANsr.tT 
GAIN ATTEN. ATTEN. ATTEN. ATTEN. 

BOOST 3 2 1 0 
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REGISTER ADDRESS TABLE 

REGISTER 
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I ADDRESS 
ADZ· ADD D7 

ClAM: 0=2400 !lITIS 
OPSK: 0=1200 Bms 

1 .. 6OO8ms 
FSK: OSY.23 

1",V.2. 

SSI73K324L 
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Single-Chip Modem 

DATA BIT NJMBER 

DO D5 DO "" D2 

~~~~ -----------------" 
00IOsEXTSYNCH 
OO"",SLAVESVNCH 
OtOO:ASYCH a BrTSICHAR 
OI01"ASVCH 9 BITSICHAR 
OIIO=ASYCH 10 BITSICHAR 
01t1=ASYCH 11 BITSICHAR 
1100=FSK 

O=ACCESS eRJ O=OSP IN O..NORMAL O=RX=TX 
1=R)616 WAY 1",ACCESS DEMeO MODE DOTTNG 

SPECIAL b,DSP IN CAlL '=5' 
REGISTER PROGRESS 

MODE 

1-231 

O=OSP 
NACTIVE 

'"DSP 
Acnve 

Dl 

O=ADAPTEO 
ACTIVE 

,,,,ADAPT EO 
FROZEN 

DO 

0=1800 Hz G,T. (Y.22) 
2225 Hz ANS TCNE 
GENERATED. 
CALLWGTONE 
DETECT SELECTED 

1=S50 HzG.T. (V.22) 
2100 Hz ANS TONE 
GENERATED & 
DETECTED (Y.21. V22) 
900 Hz DETECTED (V.23) 

O=ADAPTEQ 
ININIT 

1..ADAPTEa 
0< TO ADAPT 
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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 TYPE 1 TYPE 0 MODE 2 MODE 1 MODE 0 ENABLE ORIGINATE 

BIT NO. NAME CONDITION DESCRIPTION 

DO Answerl 0 Selects answer mode (transmit in high band, receive in 
Originate low band or in V.23 HDX mode, receive at 1200 biUs 

and transmit at 75 biUs.) 

1 Selects originate mode (transmit in low band ,receive in 
high band or in V.23 HDX mode, receive at 75 biUs 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 1 Enables transmit output at TXA. 
Note: Transmit Enable must be set to 1 to allow 
activation of Answer Tone, DTMF, or Carrier. 

D5 D4 D3 D2 
D5, D4, Transmit 0 0 0 0 Selects power down mode. All functions 
D3,D2 Mode disabled except digital interface. 

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

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

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

0 1 0 0 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 1 0 0 Selects FSK operation. 
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CONTROL REGISTER 0 (Continued) 
, i i i 

BIT NO. NAME CONDITION 

06 05 

06,05 Modulation 1 0 

Type 0 0 

0 1 

D7 Modulation 0 
Option 

1 

CONTROL REGISTER 1 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INT. 

BIT NO. NAME CONDITION 

D1 DO 

D1,DO Test Mode 0 0 

0 1 

1 0 

1 1 

D2 Reset 0 

1 

D3 ClK Control 0 
(Clock Control) 1 

0790- rev. 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

DESCRIPTION 

OAM 

DPSK 

FSK 

OAM selects 2400 bit/so DPSK selects 1200 bit/so 
FSK selects V.23 mode. 

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

D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMB/ CONTROL RESET MODE MODE 
ADD PH.EQ 1 0 

DESCRIPTION 

Selects normal operating mode. 

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 digitalloopback. Received data is looped 
back to transmit data internally, and RXD is forced to a 
mark. Data on TXD is ignored. 

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

Selects normal operation. 

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

Selects 11.0592 MHz crystal echo output at ClK pin. 

Selects 16 X the data rate output at ClK pin in all modes. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

CONTROL REGISTER 1 (Continued) 

D7 D6 D5 

TRANSMIT TRANSMIT ENABLE 
CR1 PATIERN PATIERN DETECT 
001 1 0 INT. 

BIT NO. NAME CONDITION 

D4 Bypass 0 
Scramblerl 
Add Ph. Eq. 1 

D5 Enable Detect 0 
Interrupt 

1 

D7 D6 

D7,D6 . Transmit 0 0 
Pattern 

0 1 

1 0 
1 1 ,. 

D4 D3 D2 D1 DO 

BYPASS ClK TEST TEST 
SCRAMBI CONTROL RESET MODE MODE 

ADD PH.EO. 1 0 

DESCRIPTION 

Selects normal operation. DPSK data is passed through 
scrambler. 
Selects Scrambler Bypass. DPSK data is routed around 
scrambler in the transmit path. In the V.23 mode, 
additional phase equalization is added to the main chan-
nel filters when D4 is set to 1 . 

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

Selects normal data transmission as controlled by the 
state of the TXD pin. 
Selects an alternating mark/space transmit pattem for 
modem testing and handshaking. Also used for S1 
pattern generation. See CR2 bit D4. 

Selects a constant mark transmit pattern. 
Selects a constant space transmit pattern. 
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DETECT REGISTER 

• i i i 

D7 D6 D5 

DR RECEIVE S1 RECEIVE 
010 LEVEL PATTERN DATA 

INDICATOR DETECT 

BIT NO. NAME CONDITION 

DO Signal Quality 0 
Indicator 1 

D1 Call Progress 0 
Detect 1 

D2 Special Tone 0 
Detect 1 

CRa DO TR DO CR205 

1 0 1 

1 1 1 

1 X 0 

0 0 1 

0 1 0 
D3 Carrier Detect 0 

1 

D4 Unscr. Mark 0 
Detect 1 

D5 Receive 
Data 

D6 S1 Pattern 0 
Detect 1 

D7 Receive Level 0 
Indicator 

1 

0790- rev. 

i 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

i i i • 
D4 D3 D2 D1 DO 

UNSCR. CARRIER SPECIAL CALL SIGNAL 
MARK DETECT TONE PROG. QUALITY 

DETECT DETECT DETECT INDICATOR 

DESCRIPTION 

Indicates normal received signal. 

Indicates low received signal quality (above average error 
rate). Interacts with special Register SQ bits D1, DO. 

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. 
Condition not detected 

Condition detected 

2225 Hz ±10 Hz answer tone detected in V.22bis, V.22, 
V.21 modes. 

2100 Hz±1% answertone detected in V.22bis, V.22, V.21 
modes. 

2225 ± 1 % or 2100 Hz ±10 Hz Answer tone detected in 
V.22bis, V.22, V.21 modes. 

1300 Hz calling tone detected in V.22 bis, V.22, V.21, V.23 
modes. 

900 Hz SCT tone detected in V.23 mode. 

No carrier detected in the receive channel. 

Indicated carrier has been detected in the received 
channel. Should be time qualified by software. 

No unscrambled mark bring received. 

Indicates detection of unscrambled marks in the received 
data. Should be time qualHied by software. 

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. 

No S1 pattern being received. 

S1 pattern detected. Should be time qualified by software. 
S1 is an unscrambled double dibit (11001100 ... ) sent in 
DPSKmode. 

Received signal level below threshold, 
(= -19 dBmO);can use receive gain boost (+12 dB.) 

Received signal above threshold. 
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SSI73K324L 
cCln V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

TONE REGISTER 

07 06 05 04 03 02 01 DO 

RXO TRANSMIT TRANSMIT TRANSMIT OTMF 11 DTMFOI 
TR OUTPUT GUAROI ANSWER OTMF OTMF3 OTMF21 OVER- G.T.lANSW.I 
011 CONTR. CALLING/SC TONE FOX SPEED CALLINGISCT 

TONE TONEISEL 

BIT NO. NAME CONDITION DESCRIPTION 

06 05 04 DO DO interacts with bits 06, 04, and CRO as shown. 

DO OTMFOI X X 1 X Transmit OTMF tones. 
Guard Tonel 1 X 0 0 Select 1800 Hz guard tone if in V.22bis or V.22 and 

Answer Tonel 
Calling/SCTI 

answer mode in CRO. 

Tonel 1 X 0 1 Select 550 Hz guard tone if in V.22bis or V.22 and 
OetecVSelect answer mode in CRO. 

X 0 0 0 2225 Hz answer tone will be detected in 02 of DR or if 
V .21, V.22, or V .22bis originate mode is selected in ~O. 

X 0 0 1 2100 Hz answer tone will be detected in 02 of DR if 
V.21 or V.22 originate mode is selected in CRO. 

0 0 0 0 1300 Hz calling tone will be detected in 02 of DR ifV.21, 
V.22, V.22bis or V.23 answer mode is selected in CRO 
and CR2 bit 05 = 1. 

X 0 0 0 Transmit 2225 Hz Answer Tone. Must be in OPSK 
answer mode. 

X 1 0 0 Transmit 2100 Hz Answer Tone. Must be in OPSK 
answer mode. 

X 0 0 1 900 Hz SCT (soft carrier turnoff) tone detected in V.23 
1200 biVs receive mode. (CRO bit DO = 0). 

01 0401 01 interacts with 04 as shown. 

OTMF 11 0 0 Asynchronous OAM/OPSK +1% -2.5%. 
Overspeed 0 1 Asynchronous OAM/OPSK, 2400, 1200 or 600 bitls 

+2.3% -2.5%. 

02 04 02 

DTMF2! 0 0 Selects 2-wire full-duplex or half-duplex. 
FOX 0 1 Selects 4-wire full-duplex in the mode selected by CRO 

07-05, DO 

Note: OTMFO - OTM F2 should be set,an appropriate state after OTMF dialing to avoid inadvertant unintended 
operation. 
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TONE REGISTER (Continued) 

07 D6 D5 

RXO TRANSMIT TRANSMIT 
TR OUTPUT GUARDI ANSWER 
011 CONTR. CALLING/SCT TONE 

TONE 

BIT NO. NAME CONDITION 

D3,02, DTMF3, 0 0 o 0-
D1, DO 2,1,0 1 1 1 1 

0790 - rev. 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

D4 D3 D2 D1 DO 

TRANSMIT DTMF 1/ DTMFOI 
DTMF DTMF3 DTMF 21 OVER- GUARDI 

FDX SPEED CALLING/SCT 
TONE SEL 

DESCRIPTION 

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

KEYBOARD DTMFCODE TONES 
EQUIVALENT 03 02 D1 DO LOW HIGH 

1 0 0 0 1 697 1209 

2 0 0 1 0 697 1336 

3 0 0 1 1 697 1477 

4 0 1 0 0 770 1209 

5 0 1 0 1 770 1336 

6 0 1 1 0 770 1477 

7 0 1 1 1 852 1209 

8 1 0 0 0 852 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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SSI73K324L 
cClrr V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

TONE REGISTER (Continued) 

D7 D6 D5 D4 D3 D2 D1 DO 

RXD TRANSMIT TRANSMIT TRANSMIT DTMF 1/ DTMFOI 
TR OUTPUT GUARDI ANSWER DTMF DTMF3 DTMF 2/ OVER- GUARDI 
011 CONTR. CALLING/SCT TONE FOX SPEED CALLING/SCT 

TONE TONE SEL 

BIT NO. NAME CONDITION DESCRIPTION 

D4 Transmit 0 Disabled 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 Transmit 0 Disables answer tone generator. 
Answer 1 Enables answertone generator. A21 00 Hz or 2225 Hz 
Tone answer tone will be transmitted continuously when the 

transmit enable bit is set. The device must be in answer 
mode. To transmit answer tone, the device must be in 
DPSK answer mode. 

D6 Transmit 0 Disables guard/calling SCT tone generator. 
Guard, 1 Transmit guard tone if in V.22 bis, V .22 and answering; 

Soft Carrier or transmit Calling Tone if Orig and not V.23; or trans-
Turnoff or mit SCT if Orig and in V.23. 

Calling Tone 

D7 RXD Output 0 Enables RXD pin. Receive data will be output on 
Control RXD. 

1 Disables RXD pin. The RXD pin reverts to a high 
impedance with internal weak pull-up resistor. 
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CONTROL REGISTER 2 

• , , , 
07 06 

CR2 SPEC 
100 0 REG 

ACCESS 

SIT NO. NAME 

DO Equalizer 
Enable 

01 Train 
Inhibit 

02 RESET OSP 

03 16 Way 

04 Transmit 
S1 

05 Callinit 

06 Special 
Register 
Access 

0790 - rev. 

, 
05 04 

CALL TRANSMIT 
INIT S1 

CONDITION 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

SSI73K324L 
cClrr V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

, , , , 
03 02 01 DO 

TRAIN EQUALIZER 
16 WAY RESET INHIBIT ENABLE 

OSP 

DESCRIPTION 

The adaptive equalizer is in its initialized state. 

The adaptive equalizer is enabled. This signal is used 
in handshakes to control when the equalizer should 
calculate its coefficients. 

The adaptive equalizer is active. 

The adaptive equalizer coefficients are frozen. 

The OSP is inactive and all variables are initialized. 

The OSP is running based on the mode set by other 
control bits 

The receiver and transmitter are using the same deci-
sion plane (based on the Modulator Control Mode). 

The receiver, independent of the transmitter, is forced 
into a 16 point decision plane. Used for QAM hand-
shaking. 

The transmitter when placed in QAM alternating mark! 
space mode transmits 0101 ...... scrambled or not 
dependent on the bypass scrambler bit. 

When this bit is 1 and only when the transmitter is 
placed in alternating mark!space mode by CR1 bits 07, 
06, an unscrambled repetitive double dibit pattern of 
00 and 11 at 1200 bitls (S1) is sent. 

The OSP is setup to do demodulation and pattern 
detection based on the various mode bits. Answertone 
bandwidth 2100 Hz ±1 0 Hz, 2225 Hz ±1 %. 

The OSP decodes both answer tone and call progress 
tones. 2100 Hz answer tone ±1 %, 2225 Hz ±1 0 Hz. 

Normal CR3 access. 

Setting this bit and addressing CR3 allows access to 
the SPECIAL REGISTER. See the SPECIAL REG-
ISTER for details. 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

CONTROL REGISTER 3 

07 06 

CR3 TXOALT Tx/RX 
101 CLOCK 

CONTROL 

BIT NO. NAME 

03,02, Transmit 
01,00 Attenuator 

04 Receive 
Gain Boost 

05 Not Used 

06 RXlTXClock 
Control 

07 TXOALT 

SPECIAL REGISTER 

SR 
101 

05 

06 

RXUNOSCR 
OATA 

05 04 03 02 01 00 

RECEIVE TRANSMIT TRANSMIT TRANSMIT TRANSMIT 
0 ENABLE ATTEN. ATTEN. ATTEN. ATTEN. 

BOOST 3 2 1 0 

CONDITION DESCRIPTION 

03 02 01 00 

0 0 0 o - Sets the attenuation level of the transmitted signal 
1 1 1 1 in 1 dB steps. The default (03-00=0100) is for a 

transmit level of -10 dBmO at the line with the recom-
mended hybrid transmit gain. The total range is 16 dB. 

0 12 dB receive front end boost is not used. 

1 Boost is in the path. This boosl does not change 
reference levels. It is 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. 

Not used. Only write zeros this location. 

RXlTX Clock Tristate control. Controls output state of 
TXCLK and RXCLK. 

0 Outputs driven 

1 Outputs in Tristate mode 

N/A Alternate TX data source. See Special Register. 

05 03 02 01 

RXUN- TXO SIGNAL SIGNAL 
OSCR SOURCE QUALITY QUALITY 
OATA LEVEL LEVEL 

SELECT1 SELECTO 

TXBAUO 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 
TXBAUO signals the latching of a baud-worth of data inlernally. Synchronous 
data to be entered via the TXOAL T bit, CR3 bit 07, should have data 
transitions that start 1/2 bit from the TXBAUO clock 

This bit outputs the data received before going to the descrambler. This is 
useful for sending special unscrambled patterns that can be used for signal
ing. 
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SSI73K324L 
CCITI V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

SPECIAL REGISTER (Continued) 

BIT NO. NAME DESCRIPTION 

03 TXOSOURCE This bit selects the transmit data source; either the TXO pin H ZERO or the 
TXOAL T Hthis bit is a ONE. The TRANSMIT PA TIERN bits 07 and 06 in CR1 
override either of these sources. 

02,01 SIGNAL The signal quality indicator is a logical ONE when the signal received is not 
OUALITY acceptable for low error rate reception. It is determined by the value of the 
LEVEL Mean Squared Error (MSE) calculated in the decisioning process when 

SELECT compared to a given threshold. This threshold can be set to four levels of error 
rate. The SOl bit will be low for good or average connections. As the error 
rate crosses the threshold setting, the SOl bit will toggle at a 1.66 ms rate. 
Toggling will continue until the error rate indicates that the data pump has lost 
convergence and a retrain is required. At that point the SOl bit will be a ONE 
constantly. The SOl bit and threshold selection are valid for OAM and OPSK 
only. 

D2 D1 THRESHOLD VALUE UNITS 

0 0 10-5 BER (default) 

0 1 10-e BER 

1 0 10" BER 

1 1 10" BER 

NOTE: This register is "mapped" and is accessed by setting CR2 bit 06 to a ONE and addressing CR3. This 
register provides functions to the 73K324L user that are not necessary in normal communications. 
Bits 07-04 are read only, while 03-00 are readlwrite. To retum to normal CR3 access, CR2 bit 06 
must be retumed to a ZERO. 

IDREGISTER 

10 
110 

BIT NO. 

07,06,05 

NAME 

Oevice 

Identification 

Signature 

CONDITION DESCRIPTION 

07 06 05 Indicates Oevice: 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

RATING UNIT 

14 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VDD Supply voHage 4.5 5 5.5 V 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.1 J.LF 

Bias setting resistor (Placed between VDD 
and ISET pins) 1.8 2 2.2 Mil 

ISET Bypass capacitor (ISET pin to GND) 0.1 J.LF 

VDD Bypass capacitor 1 (VDDto GND) 0.1 J.LF 

VDD Bypass capacitor 2 (VDDto GND) 22 J.LF 

XTL 1 Load Capacitance Depends on crystal requirements 40 pF 

XTL2 Load Capacitance Depends on crystal requirements 20 pF 

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

TAt Operating Free-Air -40 55 °C 
Temperature 
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DC ELECTRICAL CHARACTERISTICS 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

(TA = -40°C to 70°C, VOO =recommended range unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

100. Supply Current ClK = 11.0592 MHz 

ISET Resistor = 2 Mil 

1001, Active 25 27 mA 

1002, Idle 3 mA 

Digital Inputs 

VIL, Input low Voltage 0.8 V 

VIH, Input High Voltage 

All Inputs except Reset 2.0 VOO V 
XTL1, XTL2 

Reset, XTl1 , XTl2 3.0 VOO V 

IIH, Input High Current VI = VIH MAX 100 JlA 
Ill, Input Low Current VI = Vil MIN -200 JlA 
Reset Pull-down Current Reset = VOO 5 50 JlA 

Digital Outputs 

VOH, Output High Voltage 10=IOH Min 2.4 VOO V 
lOUT = -0.4 mA 

VOL, Output low Voltage 10 = lOUT = 1.6 mA 0.4 V 

VOL, ClK Output IOUT=3.6 mA 0.6 V 

RXO Tri-State Pull-up Curro RXO= GNO -5 -50 JlA 
capacitance 

Maximum Capacitive load 

ClK 15 pF 

Input Capacitance All Oigitallnputs 10 pF 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

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

PARAMETERS CONDITIONS MIN 

QAM/DPSK Modulator 

Carrier Suppression Measured at TXA 35 

Output Amplitude TX scrambled marks -11.5 
A TT =0100 (default) 

FSK Modulator 

Output Freq. Error ClK = 11 .0592 MHz -.31 

Transmit level ATT '" 0100 (DefauH) -11.5 
Transmit Dotting Pattern 

Output Distortion All products through BPF 

Output Bias Distortion Transmit Dotting Pattern 
inAlB@RXD 

Jitter Transmit Dotting Pattern 
inAlB@ RXD 

2100 Hz Answer Tone Generator 

Output Amplitude ATT '" 0100 (Default level) -11.5 
Not in V.21 or V.23 Mode 

Output Distortion All products though BPF 

NOTE: Parameters expressed in dBmO refer to the following definition: 

o dB loss in the Transmit path to the line. 

2 dB gain in the Receive path from the line. 

NOM MAX 

-10.0 -9 

+.05 

-10.0 -9 

-45 

±10 

±10 

-10 -9 

-40 

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

DTMF Generator Not in V.21 or V.23 mode 

Freq. Accuracy -.25 +.25 

Output Amplitude low Band, ATT '" 0100 -10 -8 

Output Amplitude High Band, ATT '" 0100 -8 -6 

Twist High-Band to low-Band 1.0 2.0 3.0 

Receiver Dynamic Range Refer to Performance Curves -48 -3.0 

Call Progress Detector In Caliinit mode 

Detect level 460 Hz test signal -34 0 

Reject level -40 

Delay Time -70 dBmO to -30 dBmO STEP 25 

Hold Time -30 dBmO to -70 dBmO STEP 25 

Hysteresis 2 
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UNITS 

dB 

dBmO 

% 

dBmO 

dB 

% 

% 

dBmO 

dB 

% 

dBmO 

dBmO 

dB 

dBmO 

dBmO 

dBmO 

ms 

ms 

dB 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Carrier Detect 

Threshold QAM/DPSK or FSK receive data -48 -43 dBmO 

Hysteresis All Modes 2 dB 

Delay Time FSK,DPSK -70 dBmO to -6 dBmO 10 30 ms 
orQAM 

Hold Time FSK,DPSK 
orQAM -6 dBmO to -70 dBmO 10 65 ms 

Special Tone Detectors 

Detect Level See definitions for TR bit DO mode -48 -43 dBmO 

Delay Time 

2225 or 2100 Hz See detect register for 10 45 ms 
answer tone detect bandwidth 

1300 Hz calling tone Tone Accuracy ±0.5% 10 45 ms 

900 Hz SCT Tone Accuracy ±5 Hz 10 45 ms 
V.23 main channel 

Hold Time 

2100 Hz answer tone See detect register for detect 10 45 ms 
bandwidth 

1300 Hz calling tone Tone Accuracy ±0.5% 10 45 ms 

900 Hz SCT V.23 Tone Accuracy ±5 Hz 10 45 ms 
main channel Mark 

Hysteresis 2 dB 

Pattern Detectors DPSK Mode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 10 45 ms 

Hold Time Demod Mode 10 45 ms 

Unscrambled Mark 

Delay Time For signals from -6 to -40 10 45 ms 

Hold Time Demod or caliinit Mode 10 45 ms 

Receive Level Indicator 

Detect On -19 dBmO 

Valid after Carrier Detect 10 ms 
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CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Output Smoothing Filter 

Output Impedance TXApin 

Output Load TXA pin; FSK Single 

Tone out for THD = -50 dB 
in .3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off 

Energy 10 kHz, Guard Tones off 

12 kHz, Guard Tones off 

Anti Alias Low Pass Filter 

Maximum allowed Level at RXA pin with receive 
Out-of-Band Signal Energy Boost Enabled 

(Defines Hybrid Trans- Scrambled data at 2400 bitls 
Hybrid loss requirements) in opposite band 

Sinusoids out of band 

Transmit Attenuator 

Range of Gain Relative to -10 dBmO 

Step Accuracy 

Clock Noise TXA pin; 153.6 kHz 

carrier Offset 

Capture Range Originate or Answer 

Recovered Clock 

Capture Range % of data rate originate or answer 

Guard Tone Generator 

Tone Accuracy 550 Hz 

1800 Hz 

Tone Level 550 Hz 

(Below QAM/DPSK 1800 Hz 
Output) 

Harmonic Distortion 550Hz 

(700 to 2900 Hz) 1800 Hz 
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MIN NOM MAX UNITS 

200 300 n 

10 kn 

50 pF 

-35 dBmO 

-55 dBmO 

-65 dBmO 

-14 dBm 

-9 dBm 

+4 -11 dB 

-0.15 +0.15 dB 

1.5 mVrms 

-10 ±7 +10 Hz 

-.024 +.024 % 

+1.18 % 

-0.7 % 

-5.0 -3.0 -2.0 dB 

-8.0 -6.0 -5.0 dB 

-50 dB 

-60 dB 
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SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS 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 RDIWR Low 40 ns 

TCl RD/WR Control to ALE High 10 ns 

TRD Data out from RD Low 0 140 ns 

TlL ALE width 60 ns 

TRDF Data float after RD High 0 200 ns 

TRW RDwidth 200 25000 ns 

TWW WRwidth 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 . 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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CCITT V.22bis, V.22, V.21 , V.23 
Single-Chip Modem 

TIMING DIAGRAMS 

BUS TIMING DIAGRAM (PARALLEL VERSION) 

I.-!!!--.I 
ALE ~ 

TLC J TRW 

1m -' ...,1-

WIt 

~ 
TCl J 

TlC J TWW J 

-+ 
TLA TRD TRDF ~D 
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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 prod
ucts are designed to be used in conjunction with a 
control processor, a UART or RS-232 serial data inter
face, and a OM 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 
OAA arrangements 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. 

AS232 
LEVEL 

CONVERTERS 
8OC51 

RTS 
GND CA 

CB 
CTS 

CC 
OSR lID" VREF 

CD 
DTR WA 

AlE .. , 
CF 

DCD 
~ K·SERIES 

LOW 
POWER 
FAMILY .. "'D 

BB AXD 

DA EXCLK 

DD RXClK 
lXCLK 

DB 

US.U6 
MC145401 

SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 

Single-Chip Modem 

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

+08 
22,.., Cl 

390pF 

AS 
37.4K 

e. 
300pF 

.. 
10K 

R4 
20K 

22K 

VAl .r MOV 
V250l2O 

FIGURE 1: Basic Box Modem with Dual-Supply Hybrid 

0790 - rev. 1-249 



SSI73K324L 
CCITT V.22bis, V.22, V.21 , V.23 
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 supplii;ls 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 
eliminates the need for a second power supply. This 
circuit (Figure 2) uses a bridged drive to allow undis
torted signals to be sent with a single 5 volt supply. 
Because DTMF tones utilize a higher amplitude than 

eo 
O.ljIF 

C, 
.... F 

R4 
37.41<'% 

~I-----+-=<C 

.. 22.'. 
ee R1 C5 

0.1)IF 20K '''' 750pF 

~~~~~~f-~ 

Ya.TAOE 
REFERENCE 

At :.11"'" 

data, these signals will clip if a single-ended drive 
approach is used. The bridged driver uses an extra op
amp (U1A) to invert the signal coming from the gain 
setting op-amp (U1 B) before sending it to the other leg 
of the transformer. Each op-amp then supplies half the 
drive signal to the transformer. The receive amplifier 
(U1 C) picks off its signal at the junction of the imped
ance matching resistor and the transformer. Because 
the bottom leg of the transformer is being driven in one 
direction by U1A and the resistor is driven in the 
opposite direction at the same time by U1 B, the junc
tion of the transformer and resistor remains relatively 
constant and the receive signal is unaffected. 

DESIGN CONSIDERATIONS 

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

A' 201(,.,. 

R2 
201('''' 

R3 
47&1% 

KI~ .. ... 

• Note: Op-amp Ul 
must be rated for 
single 5V operation. 
Rl0 & Rll values 
depend on Op-amp 
used. 

YR' ..r MOV 
V25<L2O 

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 analogldigital design rules must be used to 
control system noise in orderto obtain highest perform
ance in modem designs. The more digital circuitry 
present on the PC board, the more this attention to 
noise control is needed. The modem should be treated 
as a high impedance analog device. A 22 IlF elec
trolytic capacitor in parallel with a 0.1 IlF ceramic ca
pacitor between VDD and GND is recommended. 
Liberal use of ground planes and larger traces on 
power and ground are also highly favored. High speed 
digital circuits tend to generate a significant amount of 
EMI (Electro-Magnetic Interference) which must be 
minimized in order to meet regulatory agency limita
tions. To accomplish this, high speed digital devices 
should be locally bypassed, and the telephone line 
interface and K-Series device should be located close 
to each other near the area of the board where the 
phone line connection is accessed. To avoid prob
lems, power supply and ground traces should be 
routed separately to the analog and digital functions on 
the board, and digital signals should not be routed near 
low level or high impedance analog traces. The analog 
and digital grounds should only connect at one point 
near the K-Series device ground pin to avoid ground 
loops. The K-8eries modem IC's should have both 
high frequency and low frequency bypassing as close 
to the package as possible. 
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MODEM PERFORMANCE 
CHARACTERISTICS 

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

BERvs.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 SIN 
ratio possible. Setter modem performance is indicated 
by test curves that are closest to the SEA 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 SEA-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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" 
of these curves, taken at the BEA point, is the measure 
of dynamic range. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 
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of third parties resulting from its use. No license is granted under any patents, patent rights ortrademarks of Silicon Systems. Silicon Systems 
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Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

Protected by the following patents: (4,777,453) 
(4,789,995) (4,870,370) (4,847,868) (4,866,739) 
©1990 Silicon Systems, Inc. 
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! APPLICATION NOTE 

Setting DTMF Levels for 
1200 Bit/s K-Series Modems 

Some applications ofthe K-series modems without output level adjustment may require setting the DTMFtransmit 
level to something other than the normally transmitted level. This level is nominally about 5 dB higher than during 
data transmission. If the data is transmitted at -1 0 dBm, the DTM F levels will be at about -5 dBm, which is adequate 
in most applications. 

The simplest way to change the relative levels of DTM F tones and data is to change the transmit gain during dialing. 
This can be accomplished as shown below. In this example, it is assumed that the DTMF tones are to be 
transmitted at a higher level than normal. Closing relay K2 will increase the gain of the transmit op-amp and allow 
a higher DTMFtone level during dialing. If it is desired to decrease the DTM F level, the relay can be open for dialing 
and closed for data. The value of the shunt resistor, Rdtmf, will be relatively large compared to the resistor R1, 
therefore the precision of Rdtmf is not as critical as R1. This means an analog switch or similar device could be 
used instead of a relay, with the on resistance ofthe switch not seriously affecting the tolerance ofthe gain setting. 

+5V 750pF 

TO CONTROL.... ____ t 
~K2 

---- Adlmf 14.3kQ 1% 

20kQ 1% 

lXA 

RXA 

0-<1>----1--0--0 R 

+5V 
K1 

~~----~----~------------~ 

RING ~------------------------' 
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I 

ORIGINATING MODEM 

APPLICATION NOTE 

SSI 73K212A High Speed 
Connect Sequence 

ORIGINATING MODEM TRANSMITS SCRAMBLED MARKS IN LOW BAND DATA 

!.-508- 626 ms ~ 

DSR ---+l F 100-200ms : ___ ...L
I
_--' I 

I I 
TO I IGNORED I 

RD CLAMPED TO MARK 

I 
@I ~ ) 

ANSWE~ING MODEM ® )..231-308ms (© ... 
UNCLAMPED 

n4ms 

ANSWERING MODEM TRANSMITS 2225 Hz SCRAMBLED MARKS IN HIGH BAND 

DSR ALREADY ON BOTH DCD & CTS I 
TO TRANSMIT DATA INPUT IS IGNORED WHILE CTS IS OFF 

RD RECEIVED DATA OUTPUT IS CLAMPED TO MARK WHILE DCD IS OFF 

1-256 
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V.22 

CALLING MODEM 

TO 

AD 

@; 
, , 

DSR *-- 456±10ms -+ 
I i+-- 155 ±oo ms 

IGNORED 

CLAMPED TO BINARY ONE 

ANSWERING MODEM 

V.22 & V.22bis 
Connect Sequences 

CAlliNG MODEM TRANSMITS SCRAMBLED BINARY ONES IN LOW BAND 
, , , 

OeD ~ 270±40 ms ~ ~ 
765±10ms -----I~~:===== I :.)}':D."'TA:'l):j 

UNCLAMPLED RECEIVED DATA 

©: @, 
,iIIi4'4--f-' ---- 765±10ms -----I>I>( 270±40ms 

, , 
UNSCRAMBLED BINARY ONE IN HIGH BAND SCRAMBLED BINARY ONE IN HIGH BAND DATA 

BOTH DCD & CTS ! 
, 

TO TRANSMIT DATA INPUT IS IGNORED WHILE CTS IS OFF 
, 

AD RECEIVED DATA OUPUT IS CLAMPED TO BINARY ONE WHILE DCD IS OFF UNCLAMPED DATA I 

V.22bis 

CALLING MODEM i4-- 100 ±3 ms 

51 SCRAMBLED BINARY ONES AT 1200 BITtS DATA 
:.-- 456 ±10 ms -I>' , 
~155±10ms 

'4 600 ±10 ms I>' 

I DATA RATE DCD r- :,', ---l SELECTOR ~ 

~ 450±10ms~ I 

~ 
} ],ij:w.<tt.i}t@i{:! TO IGNORED 

RD CLAMPED TO BINARY ONE RECEIVED DATA 

®,: ®:, 
ANSW,ERING MODEM ''1<11----;.--- 600±10ms ----I 

UNSCRAMBLED BINARY ONE AT 1200 BITtS 51 SCRAMBLED ONE 1200 BITtS DATA 
, , 100 ±3 ms ---+ '4---I DATA ~TESELECTOR 

.... DETECT END OF SI IN LOW CHANNEL 
~~CTS 

TO TRANSMIT DATA INPUT IS IGNORED 
14--- 450±10 ms----l>i 

AD RECEIVED DATAOUPUT IS CLAMPED TO BINARY ONE 

BEGIN 16-WAY , 
DECISIONS -P1 
IN RECEIVER 
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~~ 
DETECT 32 CONSECUTIVE BITS 
OF BINARY ONE AT 2400 BITtS 



.. ,;' REQUEST I 
START ~ 
Begin in online state '" I 

J TRANSMIT UNSCRAMBLED t MARK AT BIT RATE 

RxD is weak pullup (TONE bit 07) JJ.. 

Disable CTS -y 

Force Transmit Mark (CRl bits 07 & 06) 
Bypass Scrambler (CRl bit 04) 

WAIT FOR DOTTING .l J 
Read Receive Data (DET bit 05) A· 
Wait for 250 ms of dotting (1/0) or timeout 

of SOO ms occurs 
If timeout, return to online 

TRANSMIT SCRAMBLED MARK 
@. 

L" A Enable Scrambler (DET bit 04) 
." ., ",r.-:. 

WAIT FOR LOOPED DATA i 
Read Received Data (DET bit 05) .... 

n&.&i~~ 
Wait for 250 ms of Mark .' 
FINISH CoNNECTION J l 
Unclamp RxD (TONE bit 7) I EnableCTS 

TERMINATION ,. 

PULSE CARRIER 

Disable Transmit (CRO bit 01) .J;,. 

Wait for 80 ms -y 
Enable Carrier (CRO bit 01) 
Return to online 
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APPLICATION NOTE 

Remote Loop 
Handshake Sequence 

•. '. RESPONSE· ... I 

.. 

START 
: 

Begin in online state 
Monitor Unscrambled Mark (DET bit 04) 
Validate for 200 ms 
Continue if detect occurs 

TRANSMIT DOTTING PATTERN %i T 
Force Transmit Dotting (CRl bits 07 &06) I 
DISABLE TERMINAL 1 
RxD to weak pullup (TONE bit 07) v I 
Disable CTS, DSR and DCD; Ignore DTR 

JL" ?::: 
LOOP DATA W 

v 
Select RDL (CRl bits 01 & DO) 
If synchronous, select slave mode 

(CRO bits 05 - 02) 

TERMINATION 

r1 
DETECT CARRIER I 
Wait for Carrier Loss (DET bit 03) 
Enable CTS and DSR 
Remove Data Loop (CRl bits 01 & DO) 
Wait for Carrier Return (DET bit 03) 
If no carrier in 200 ms, abort call 

ENABLE TERMINAL J L 
Remove Data Loop (CRl bits 01 & DO) 
Unclamp RxD (TONE bit 07) 
Enable DCD; stop ignoring DTR 
Retum to online 
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REQUEST • 

APPI.ICATION NOTE 

SSI73K224 
Retrain at 2400 

RESPONSE 

STARTS WITH BAD DATA [J ,-=:""" .'!, I RESPOND- RETRAIN .f.-
::~E~n r DETECTS< REQUEST L 
Force Sl Transmit at 1200 bills for 100v ms "I'",=<$l<=:."""~ .. ·",,,!.#.'~~>'-o-et-ec-t-:::S:-:-l:-:-fo-r-:::6O-=-m-s:-:-(0~E=T:-b:-:·I~t O:-S:::-)--"'l:~ 
(CRO bit OS,CRl bits 07 & OS, CR2 bit 04)111' ... ,."V .• . Wait50ms: 

w. _ Deactivate CTS 

j Forcel gci ~~~~~ ~it16~~ ~~~ ~~ 
N. 07 & OS, CR2 bit 04) 
"V Clamp RxO (TONE bit 07) 

DETECTS1RESPONSE 

Detect S 1 for 60 ms (OET bit OS) 
Wait 50 ms and Initialize the Adaptive 

Equalizer (Pulse CR2 bit 00) 

~"""""""-m~I' 
SCRAMBLED MARK j[ 
Force Scrambled Mark(CRl bits 07 & 06) 
Wait 450 ms from the end of Sl receipt 
and begin lS-way decisions (CR2 bit 03) 

FINISH 1[ 
:~ AfterSO?msofSc~bledMa~t12oo bills ~$."N~ 

Transmit at 2400 bills (CRO bit OS) rr-y 
Oetect 32bits of Mark at 2400 (OET bit 05) 
Unclamp RxO after 200 ms of Mark at 

2400 bills (TONE bit 07) 
Activate CTS 
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Initialize the Adaptive Equalizer 
(Pulse CR2 bit 00) 

SCRAMBLED MARK 

Force Scrambled Mark (CRl bits 07 & OS) 
Wait 450 ms from end of Sl receipt and 

begin 16-way decisions (CR2 bit 03) 

,. JH{ 
FINISH ~~ 
Oetect 32 Marks at 2400 bills (OET bit 155) 
Unclamp RxO (TONE bit 07) 
AfterSOOmsofScrambiedMarkat12oo bills 
Transmit Marks at 2400 bills for 200 ms 

(CRObitOS) 
Unclamp TxO (CRl bits 07 & OS) 
Activate CTS 



APPLICATION NOTE 

SSI 73K212 & 73K222 
Originate Handshake Sequence 

(RXD is in tn-state mode, TONE bit D7S 1) 

DIAL 
1. Go off hook 
2. Bring out of power down mode (CRO bits 05-02) 
3. Set OTMF tone (Tone bits 04-00) 
4. Turn on transmitter (Set CRO bit 01) 
5. Wait OTMF on time 
6. Tum off transmitter (Clear CRO bit 01) 
7. Wait OTMF off time 
8. Repeat 3-7 for all digits 

WAIT FOR CARRIER 
1. Start S7 (Wait for carrier) timeout 
2. Set to Bell 103 originate mode 

(Set CRO bits 05-00 to 110001) 
3. Wait for carrier detect bit (OR bit 03) to come on 
4. Start sliding window counter (Wait through 

possible 2100 Hz answer tone period) 
5. Qualify RXO mark' for 150 ms (OR bit 05) to 

detect answer modem (Carrier detect bit must 
also be on) 

6. Raise OSR 

- FSK 
1. Wait 100-200 ms 
2. Raise OCO, start 755-774 ms timer; wait 426-446 ms, send FSK marks 

(Set CR1 bits 07 & 06 to 10, set CRO bit 01) 
3. At end of 755-774 ms timer period (started in #2 above); raise CTS, unclamp 

RXO & TXO from marking (clear TONE bit 07; clear CR1 bits 07 & 06) 

- DPSK 
1. Wait 456 (V.22) or 508-626 ms (212A), switch to OPSK 
2. Send scrambled marks (Set CR1 bits 07 & 06 to 10) 
3. Qualify scrambled marks from answer modem for 150 ms 
4. Wait for 231-302 ms of scrambled marks, raise OCO 
5. Enable RXO (Tone bit 07) 
6. Wait 774 ms, raise CTS, enable TXO (Clear CR1 bits 07 & 06) 

'This may be either answer tone from a Bell modem or unscrambled marks from a V.22 modem 
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(RXD is in tri-state mode, TONE bit D7=1) 

If Answer Modem Is BELL 212A11 03 
1. Go off hook at end of ring cycle 
2.Raise OSR 
3. Wait 2 seconds 
4.Send 2225 Hz (Set TONE bit 05, 

clear bit 00, set CRO bits 04-00) 

FSK 

APPLICATION NOTE 

SSI 73K212 & 73K222 
Answer Handshake Sequence 

I 

If Answer Modem Is CCITT V.22 
1. Go off hook at end of ring cycle 
2. Wait 2 seconds 
3.Send 2100 Hz for 3.3 seconds(Set TONE 

bits 05 &01, CRO bits D4-00) 
4. Silence for 75 ms 

(Clear CRO bit 01, TONE bits 05 &00) 
5. Raise OSR 
6. Send unscrambled marks at 1200 biUs 

(Set CR1 bit 04, CRO bit 01) 

I 

1. When carrier is detected, start sliding window counters for FSK & OPSK. 
DPSK 

r- 2. Monitor OR bit 05; change modes between FSK and OPSK if OR bit 05 is zero. ~ 
3.Continue until one window counter reaches zero. Proceed in that mode. 

Walt for FSK marks for 150 ms 
1.Raise CTS 
2. Wait 100-200 ms or "S9" time, raise OCO 
3. Enable RXO, TXO (Tone bits 07 & 05) 
4.Send Oata 

0790 - K-Series Application Notes 

Wait for DPSK marks for 270 ms 
1.Send Scrambled Marks for 770 ms (CR1 07 & 06=10) 
2. Raise CTS and OCO or wait "S9," raise OCO 
3.Enable RXO (TONE bit 07) 

Enable TXO (CR1 bits 06 & 07=00) 
4.Send Oata 
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DIAL 
Gooflhook 
Turn chip power on (CRO bits 02) 
Set OTMF tone (TONE bits 04-00) 
Turn on transmit (CRO bit 01) 
Wait required time 
Turn off transmit (clear CRO bit 01) 
Wait required time 
Repeat for all tones 
Clear OTMF bits in tone register 

Data Pump Initialization 
Tristate recover data 
Default to async 
Default 1 O-bit async 
Reset equalizer (CR2 bit 2) 
Turn on DSP (CR2 bit 2) 
Put OSP In CALLI NIT mode 

(CR2 bitS) 
Reset receive gain bit 
Turn off guard tones 
Set speed to 1200 
Enable 4-way decision 
Disable scrambler 

FSK 
Select FSK mode 

(CRO bits OS, 04) 
Enable DSR and DCO 
Force transmit marks 

(CR7 bits 07, 06) 
Enable transmit (CRO bit 01) 
Unclarnp RXO (TONE bit 07) 
Wait 765 ms 
Unclarnp TXO (CR1 bits 07, 06) 
Activate CTS 
Enable receive data 

APPLICATION NOTE 

SSI73K224 Originate 
Handshake Sequence 

Ref_ CCITT Red Book V_22bis SpeCification 

set speed to 600 

Check carrier 
For 4 sec. look for valid tone: 

tone valid when 95 ms of 2225 Hz 
tone valid when 133 ms of SO 

then wait 450 ms 

when valid 2225 or SO 

NO 

2400, found S1 
Wait for S1 to go away 
Enable equalizer 
Wait 450 ms 
Set 16-way decisions 
Wait 150 ms 
Set speed to 2400 
Wait 200 ms before enabling CTS 
Qualify 8 baud times of marks 
Enable optional Sync mode 
Enable carrier tracking in software 
Enable data mode in transmitter 
Send data 
Enable receive data 
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NO 

while waiting for 1 00 ms 
send S1 
look forS1 
if receiving S 1 

then turn on scrambler 
send marks 

60011200, found marks 
Turn on scrambler 
Turn on equalizer 
Enable transmit 
Force mark 
Check receiver level 
Turn on equalizer 
Wait 765 ms 
Enable optional sync mode 
Start carrier tracking in software 
Enable data mode in transmitter 
Send data 
Enable receive data 
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Data Pump Initialization 
Tristate receiver data 
Default to async 
Default 1 O·bit async 
Reset equalizer (CR2 bit 0) 
Tum on DSP (CR2 bit 2) 
Put DSP in CALLINIT mode 

(CR2bit5) 
Reset receive gain bit 
Tum off guard tones 
Set speed to 1200 
Enable 4·way decision 
Disaible scrambler 

set tone bit to 2100 Hz 
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APPLICATION NOTE 

SSI 73K224 Answer 
Handshake Sequence 

Ref. CCITT Red Book V.22bis Specification 

Set default to marks 
Check and set guard tones 
Tum on transmitter 
Assert DSR 

NO 

NO 

Tum on scrambler 
Delay 350 ms 
Turn on IS-way decisions 
Begin lOOking for 32 conseculive marks 

Wait 150 ms 
When 32 marks received assert DCD 

Send QAM marks 
Wait200ms 
Enable receive data 
Enable optional sync mode 
Start carrier tracking in software 
Enable data mode in transmitter 
Send data 

600/1200, found marks 
Tum off answer tone 
Tum off transmitter 
Set default for scrambled marks 
Enable transmitter 
Enable equalizer in receiver 
Wait750ms 
Enable receive data 
Enable optional sync mode 
Start carrier tracking in software 
Enable data mode in transmitter 
Send data 

FSK 
>------i-----' ..... --+i Disable cail init mode 
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Set speed to 300 
Equalizer should be off 
Disaible scrambler 
Send marks 
Tum on transmitter 
Receive 155 ms of marks 
Check receive gain level 
Wait 450 ms 
AssertDSR 
Start carrier tracking in software 
Enable data mode in transmitter 
Send Data 



Why Modem Performance Is Important 
In today's world of expanding communications, the 

modem has become an essential element in providing 
data communications capability for such applications 
as personal computers, lap-top PCs, and hand-held 
portable terminals. To fit the requirements of these 
systems, the modem must become more compact 
even as it becomes more complex. As more modem 
functions are integrated onto a single chip, it is the 
modem IC that becomes the key to designing small 
footprint modems that integrate well into today's 
computer applications. 

Trying to compare competitive modem ICs by 
analyzing published technical specifications can be 
misleading. No meaningfu I comparisons can be made, 
because data sheets provide little useful performance 
information. Products that appear functionally 
competitive can vary widely in datacom performance. 

Hidden differences in modem architecture can have 
a profound effect on overall modem operation. Where 
one modem IC might perform well within a real-world 
operating environment, another seemingly comparable 
IC might perform just marginally. So ultimatelywhatlhe 
designer needs is a way to realistically compare modem 
ICs by their ability to perform, error-free, under real
world operating conditions. 

The Real World of Telecommunications 

Telephone lines vary . Indifferent geographical areas, 
factors such as age, technology, and upkeep of 
equipment all contribute to variations in the physical 
operating environment. The physical mechanics of 
call-routing introduce other uncertainties, since call
routing can be completely random in a typical dial-up 
connection due to the automatic routing techniques 
being used. 

Also, differences in the switching and multiplexing 
methods used in different locations, as well as 
differences in the conductive medium (copper-wire or 
fiber-optics), all add to the mix, making it difficult to 
design a modem that will perform well in a manner that 
is transparent to all of these factors. 

These equipment and routing factors that adversely 
affect data communications create performance 
aberrations that are known collectively as line 

APPLICATION NOTE 

Performance Testing 
Silicon Systems K-Series 

Single-Chip Modem Family 

impairments. These line impairmer:Jts cause the real
world side-effects that define the actual environment in 
which the modem, and the modem IC, must survive 
and perform. 

Line Impairments 

Generally, line impairments can be classified into 
fourcategories: line nOise, signal-levelvariations, phase 
distortion, and carrier offset. 

Line Noise 

Line noise is the most common impairment to 
efficient datacommunications and can manifest itself in 
many ways. Ambient noise, for example, can be caused 
by copper line conductors. Wideband noise can be 
generated by hybrid repeater amplifiers in the network. 
Crosstalk from adjacent lines can sometimes couple 
into the connection and add to noise on the line. 

Generally, noise impairments occur within the 300 
to 3000 Hz voiceband, since other frequencies are 
attenuated by repeaters or filters on the line. The 
specific quality that enables a modem IC to operate 
error-free in a noisy line environment can befound in its 
design architecture, which reflects the functional 
efficiency of both its components and its circuit layout. 

Signal-Level Variations 

High signal-level is one impairment in this category. 
This stronger-than-normal signal can occur when an 
unusually efficient connection is made, as when routed 
through a PBX orwhen the transmitter and receiver are 
within close proximity to one another. A maximum level 
fornormal operation on a dial-up line might be -1 0 dBm. 
An abnormally high level might approach 0 dBm. 

Low signal-levels resuit from high line-resistance or 
from long, circuitous call-routing paths. The lowest 
signal level expected on a dial-up line is -45 dBm. The 
ability of the modem to handle abnormally high or low 
signal-levels is defined by its dynamic range. 

Gain hits are short, quick changes in the receive 
Signal's amplitude. The phenomenon can be caused 
by trunk-line switching activity or by sudden changes in 
line impedance, both of which can cause a breakdown 
in data-transfer integrity. Gain hits can be offset by fast
trackingcapabilitywithin the AGC circuitry of the modem 
IC. 
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Phase Distortion 

These impairments include phase jitter, phase hits, 
and group/envelope delay. Phase jitter is a periodic 
shift in the phase of the received carrier, which can be 
caused by variations in the line characteristics or by 
imperfections in the transmitting modem. Phase hits 
are more instantaneous in nature. They are 
characterized by significant changes in phase in the 
received carrier and are caused by ongoing switching 
action in the dial-up network. Group delay (envelope 
delay) results from reactive line-impedance 
characteristics that induce phase shifts in the 
frequencies present inthe received signal. The modem 
must correctforgroup-delay distortion. Failure to do so 
can result in a phenomenon known as intersymbol 
interference. This occurs when frequency elements 
from one signal-modulation period overlap those of 
another, making it difficult to detect the original phase
encoded information in the signal, thus introducing 
data errors. 

Carrier Offset 

This impairment refers to a shift in frequency between 
the transmitted signal and the received signal. The 
condition is often introduced during long-distance call 
routing, where frequency-division multiplexing 
combines lower-frequency voiceband signals into a 
higher frequency signal. This phenomenon can be 
offset by the modem's phase-lock-loop tracking 
capabilities. 

How Modems Can Be Compared For 
Performance 

In order to compare modem ICs realistically, the 
design engineer needs to test each device under 
conditions that reflect real-life telephone line conditions. 
To achieve this, a test environment must be set up to 
simulate a set of actual line characteristics that conform 
to specifications defined by Bell System published 
standards. The engineer can then subject each test 
modem to artificially induced impairments under each 
of these line-standard conditions and compare the 
specific performance of competitive modems. A range 
of line conditions must be used to show how the 
modem will operate over the random variety of lines 
that might be encountered in typical operation. 

Line Standards 

Characteristics for dial-up telephone lines are not 
commonly specified, but leased lines are conditioned 
lines forwhich linear-distortion characteristics, including 
frequency-response and envelope-distortion 
parameters, are guaranteed by the telephone company. 
The Bell System line standards define four premium 

line conditions that operate with characteristics similar 
to those found in dial-up lines. These lines, which allow 
for modem performance testing over a wide range of 
representative conditions, include the following: 

The 3002 Line is the lowest quality leased line and 
represents the poorest environment for accurate data 
communications. Allowable amplitude variation is 15 dB 
over the voiceband range. Envelope delay can vary as 
much as 1750 microseconds over the 800 to 2600 Hz 
range. 

The C1 Line is conditioned to a greater extent than 
the 3002 line and can be considered to represent the 
average in dial-up line characteristics. Amplitude 
variation over the frequency band of interest is limited 
to 8 dB. Allowable envelope delay is the same as for 
the 3002 line. 

The C2 Line represents an intermediate-quality line 
for modem testing. Frequency response is limited to 8 
dB amplitude variation. Envelope delay is improved to 
not more than 500 microseconds over a 1 000 to 2600 
Hz range. 

The C4 Line represents the best line conditions to 
be expected in a dial-up telephone environment. 
Optimum modem performance would be expected 
using this standard. Group delay or attenuation is 
negligible. Frequency response is limited to 8 dB. 
Envelope delay distortion is held to less than 300 
microseconds over a 1000 to 2600 Hz range. 

The Testing Method 

To qualify modem ICs for performance, the test 
method must be uniformly applied. A test unit is used 
to simulate each of the Bell System line standards and 
to generate the environmentally representative line 
impairments. A typical test set-up includes a line 
simulator, a personal computer, an RMS voltmeter, 
and a reference modem to test against. Control of the 
test parameters is handled by the PC connected to the 
test fixture through a GPIB data bus. The PC sets up 
and controls the line simulator, monitors the results, 
and accumulates the error count for each iteration. 

Two modem ICs are compared in a typical test 
sequence. The modem IC to be tested is connected to 
the modem testing equipment via a breadboard 
evaluation fixture and is fed a continuous data stream 
for testing. The tester monitors the data received from 
the test modem and the data bit-errors are counted and 
plotted to signify the ratio between the number of bits 
transmitted compared to the number of transmission 
error-bits. This results in a statistical bit-error rate 
(BEA). 

The test method calls for a large sample of data 
errors to be simulated for each device, under each line 
condition. Multiple data points are taken for each test 
for each device. Test message data is transmitted in a 
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random, broad-range pattern. Each data point results 
from the transmission of a million data bits and a 
complete test sequence on a single modem IC could 
represent 100 hours of test time before a realistic error 
sampling might be realized. 

The SSI K-Serles Modem ICs 

Silicon Systems' K-Series family of modem ICs use 
an integrated analog/digital design philosophy for 
enhanced high-performance operation, which virtually 
eliminates data-error-related modem failures. These 
pin and function-compatible family products comply 
with the full range of relevant worldwide operating 
standards for data transfer speeds ranging from 300 to 
2400 bit/so The SSI 73K224L, the industry's first 
2400 bit/s single-chip modem for both US and European 
standards, features adaptive equalization, which further 
enhances performance by giving the modem the ability 
to adapt automatically to varying line conditions. 

The K-Series modem ICs are used in the sample 
test curves presented with this document as a base 
against which competitive performance information 
can be compared. 

MODEM PERFORMANCE CHARACTERISTICS 

The curves presented here define modem IC 
performance under a variety of line conditions while 
inducing disturbances that are typical of those 
encountered during data transmission on public service 
telephone lines. Test data was taken using an AEA 
Electronics' "Autotest I" modem test set and line 
simulator, operating 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 with 1 X1 06 bits transmittedforeach 
data point. Noise was C-message weighted and all 
signal-to-noise (S/N) ratios reflect total power similar to 
the CCID V.56 measurement specification. The 
individual tests are defined as follows. 

BERvs.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 SIN ratio possible. Optimum modem 
performance is indicated by test curves that are closest 
to the zero axis. A narrow spread between curves 
representing the four line parameters indicates minimal 
variation in performance while operating over a range 
of operating conditions. Typically, a DPSK modem will 
exhibit better BER-performance test curves operating 
in the highband range than in the lowband. 

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. SIN ratios are held constant at the indicated 
values while the receive level is lowered from a very 
high to very low signal levels. The width of the "bowl" of 
these curves, taken at the BER pOint, is the measure of 
dynamic range. 

BER vs. Phase Jitter 

DPSK and QAM modulation is sensitive to phase 
jitter. Modems using these techniques need to be as 
tolerant as possible of phase jitter on the line. In this 
test, relatively flat curves indicate minimal degradation 
of performance when phase jitter is encountered onthe 
line. 

BER vs. Carrier Offset 

This parameter indicates how the modem's 
performance is affected by the shifts in carrier 
frequency encountered in normal public telephone 
network operation. Flat curves are an indication that 
there is no performance degradation from frequency 
offsets. The SSI K-Series modem ICs use a second
order, carrier-tracking phase-lock-loop that is insensitive 
to carrier offsets in excess of 10Hz. Both the Bell and 
European/Japanese CCID specifications allow as 
much as 7 Hz offset. 
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73K302L performance is similar to that of the 73K322L. V_23 operation corresponds to Bell 202. 
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APPLICATION NOTE 

Troubleshooting 
the Modem Design 

Excerpt from the Silicon Systems K-Series Modem Design Manual 

Possible Causes of a Totally Dead System 
It is always particularly depressing when you 

power-up a new design for the first time and absolutely 
nothing happens. However, this is often the easiest 
type offaultto find. We will try to think of a few things 
that could cause this problem (apart from the obvious, 
like the plug falling out of the wall socket). 

The K-Serles Modem IC Is Stuck In the Reset 
State 

You will generally get very little cooperation from 
a K-Series modem IC while it is in the power-down 
state. It enters this state when a reset operation is 
performed, either by writing to the Reset bit (bit 2) in 
Control Register 1 or by taking the RESET input pin to 
logic ONE. Make sure that your firmware is bringing 
the part out of this state by writing something other 
than all ZEROs to bits 5 to 2 in Control Register O. Also, 
make sure that this happens after the RESET pin has 
been returned to logic ZERO. A capacitor from this pin 
to VDD can hold the part in the reset state for many 
seconds. Attempts to program the part during this 
time will not take effect. For products with a DSP, 
check that the RESET DSP bit (CR2 bit D2) is also 
written with ONE when appropriate. 

Crystal OSCillator Fails to Start 
If a complete crystal oscillator is used to directly 

drive the K-Series modem, any starting problem should 
be addressed to the manufacturer of that device. If the 
internal oscillator is used with a crystal, there may be 
situations in which it will not start. Check the values of 
the capacitors from XTLl and XTL2 to ground. If these 
are too high in value, 40 pF or above, the oscillator may 
not start. Such large values are not recommended and 
should not be necessary if the crystal is correctly 
specified. Also ensure that the circuit board is designed 
to minimize stray inductance and capacitance in the 
area of the oscillator. The crystal and both capacitors 
should be placed as close as possible to the XTL pins of 
the K-Series modem IC and connected by direct traces. 
The ground connection of the capacitors should be via 
wide traces to the digital grounding system. It is also 

possible that the oscillator will not start or will be slow 
to start if the risetime of the power supply voltage is 
very long. The starting properties are helped by the 
asymmetry in the load capacitor values, the capacitor 
at XTLl should be about twice as large as that at XTL2. 

Clock to Mlcrocontroller Isn't Getting Through 
Using the K-Series modem ICs on-chip clock 

oscillator to generate timing for the entire system is 
very efficient from the point of view of component 
count and EMI generation. However, note that the 
CLK output of the modem chip is specified only to 
drive TTL compatible inputs. Many common 
microcontrollers require clock inputs that rise closer to 
the supply voltage for logic ONE. We have seen 
applications which use the CLK pin to drive these 
inputs without problem, however, the low-power (5V 
supply) parts may give a lower logic ONE level than is 
necessary at elevated temperature. We recommend 
that you use a TTL to CMOS level converting buffer 
between the CLK pin and the controller clock input in 
5V systems. A pull-up resistor to the 5V supply is not 
effective in increasing the logic high voltage. In some 
cases capacitive coupling to a CMOS input is also ef
fective if the controller clock input is properly biased. 

Connect Handshake Falls 
If your system seems to be working well but cannot 

get into the situation of exchanging data with another 
modem, it is likely that you have a problem in the 
connect handshake. It is better to examine handshake 
problems using a "known good" modem at the remote 
end rather than another of your own systems. This 
helps isolate problems if more than one are present. 
Use a modem from an established and reputable 
manufacturer, as discounted generiC modems may not 
conform fully to established specifications. Depending 
on the modulation mode, there may be many or few 
opportunities to fail so we can only offer general 
pointers to problems we have encountered in the past. 
It is very helpful to build extra diagnostic code into the 
handshake to diagnose unexpected conditions. 
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If things never start, check that the initial set-up of 
the chip is correct. The chip must be taken out of 
power-down before it will do anything and in DSP
based chips the DSP must have been reset after any 
previous call and then taken out of the reset state. (A 
D5P-based part cannot be used in a non-DSP socket 
without many such changes to the controller code; 
watch this when upgrading a 73K222 system to use a 
73K224L.) If in CALLINIT mode the answer tone is not 
detected, check that you have selected the desired 
answer tone frequency by programming in the Tone 
Register. The selectivity of the answer tone detector is 
quite high, so verify that your answering modem is 
generating a frequency within the specifications of the 
modulation standard. You should be able to verify the 
operation of your various signal detectors with 
breakpoints in the controller code. If these do not fire 
at the appropriate point, the handshake is likely to 
hang-up or get out of step with the other modem. Be 
especially careful with the 51 detector, if this is failing 
you may get connections at 1200 bitls which were 
supposed to be at 2400 bitl s. With D5P-based chips in 
QAM or DPSKmodes, make sure that you are enabling 
theadaptiveequalizerat the appropriate time. Enabling 
it too early, when the received signal is unsuitable for 
training, and too late, when there is too little time left 
before the gear shift to 2400bitl s, can both give connect 
problems. Finally, make sure the crystal oscillator 
frequency is in specification as a gross error here can 
cause failure of the handshake. 

Errors Committed Immediately After Handshake, 
With Later Improvement 

We have seen situations in which a K-Seriesmodem 
makes many data errors during the first few seconds of 
a connection, but then shapes up and perforrnsnorrnally 
thereafter. This is generally due to some problem in 
equalizer training in a DSP-based chip. The equalizer 
must be held in the initial state (bit 0 of CR2 = ZERO) 
up to the point in the handshake when scrambled 
DPSK binary ONE5 first appear at the receiver. It must 
then be released promptly (bit 0 of CR2 = ONE) and 
allowed to adapt so that it is fully trained before the 
gear shift to 2400 bitl s and the transition to data mode 
occurs. Enabling the equalizer too early will cause it to 
train on an unsuitable unscrambled signal. Because it 
adapts more rapidly immediately after being enabled, 
it may take a long time to recover from a bad solution 
when the correct receiver signal arrives. Enabling the 
equalizer too late reduces the time available for training 
before the received data is relied upon to be correct. If 
you have to put the equalizer back into the initialized 
state after a period of training, make sure that Equalizer 
Enable (bit 0 of CR2) stays at ZERO for at least 2 ms. It 
is better to have the Receiver Gain Boost bit dealt with 

0790 - K-Series Application Notes 1-271 

before the equalizer is enabled, otherwise transients 
caused by changing this bit may upset the equalizer 
solution. 

Errors Experienced at High Receive Signal 
Levels 

If the error rate gets worse at high receive signal 
levels, you should look for some source of clipping in 
the receive path. Injecting a signal of known level at the 
line coupling transformer and looking at the RXA pin 
with an oscilloscope should enable you to isolate any 
problem in the line interface. Look for excessive gain in 
the receiver buffer amplifier or other causes of clipping 
at this point such as badly chosen op-amps for single 
5V supply operation. If the signal at RXA looks good 
and you are using a DSP-based modem chip, it is 
possible that the controller is incorrectly inserting the 
12 dB receiver gain boost even if the Receive Level bit 
in the Detect Register is set. Note that early data sheets 
for the 73K224L gave this bit the wrong sense, i.e., ONE 
for low level. Only set Receive Gain Boost if this bit is 
ZERO. 

Errors Experienced at Low Receive Signal Levels 
There can be many causes of data errors at low 

receive signal levels, almost all associated with the 
presence of some level of interference or noise in the 
receive path. If you are performing tests over the 
telephone network, make sure that the error rate you 
are experiencing is not to be expected from the 
background noise level on the line. It is best to use a line 
simulator or a direct connection through an attenuator 
if looking for system noise problems. The capacitor 
across the feedback resistor of the receiver buffer 
amplifier is important to attenuate out-of-band noise 
at the modem chip receiver input. 

Distortion in the telephone line interface can be 
located by injecting low-level signals into the line 
terminals and examining the signal at the RXA pin 
with a spectrum analyzer. Lookforcrossover distortion 
in the receiver buffer amplifier. This can arise from a 
poorly chosen op-amp type, such as the LM324 which 
makes a transition from class A to class AB operation 
at low signal levels and is not suitable for this 
application. We have found LM348 and LM1458 type 
op-amps to be free from this problem. It is also possible 
for the line coupling transformer to introduce harmonic 
distortion, particularly when a large D.C. holding 
current is flowing. 

In the absence of significant distortion, look for a 
high noise level at the RXA pin. Another symptom of 
this problem, apart from data errors, is that the Carrier 
Detect bit (bit 3 in DR) comes on or blinks when no 
signal is applied to the modem receiver. The system 
may also fail to disconnect at the end of a call. If this is 



your experience don't confine your search to thenonnal 
carrier bandwidth because the modem chip will also 
be susceptible to higher frequencies. Op-amps may be 
noisy or may self-oscillate at low level due to poor 
layout. If the op-amps themselves are not causing the 
noise, it maybe due to poor circuit layout or grounding. 
If, finally, nothing suspicious is visible at the RXA pin 
then the noise must be getting into the receive signal 
inside the modem Ie. This can be from the power 
supply and bias pins or from signals routed under the 
chip. Check the connections to GND, VDD, VREF and 
ISET pins for component values and placement and 
routingofdecouplingcomponents. You are more likely 
to have problems with supply noise if you are using a 
switching power supply. Look also for fast digital 
signals routed under the modem IC; these should be 
re-routed and a ground plane placed under the chip. 
Serious interference pickup problems can be created 
by two crystal oscillators producing beat frequencies 
in-band to the modem. We strongly recommend using 
one master crystal in the system. Check the gain in the 
receive path from the line terminals and, in DSP-based 
parts, the state of the Receive Gain Boost bit set by the 
controller. If either of these are incorrect, then noise in 
the chip will appear more significant compared to the 
signal. 

The transmitter of the modem can be a source of 
noise in the receiver. It should not generate signals that 
are in-band to the receiver, but this can happen if 
either the buffer amplifier or the line transformer are 
causing harmonic distortion. This will be most 
noticeable in call mode, when the low band transmit 
signal has harmonics in the high band filter of the 
receiver. For 5V only systems, the choice of op-amps in 
the buffer amplifier and their D.e. bias point is crucial 
to obtaining a sufficient voltage swing without 
distortion. Because of its internal operation, a small 
amount of switching noise is present at the TXA pin. 
The capacitor across the buffer amplifier feedback 
resistor is important to prevent this signal fromreaching 
the receiver. It is difficult to obtain good rejection of the 
transmit signal at the receiver for all practical line 
conditions, but you should check that your four-wire 
to two-wire hybrid circuit is operating correctly. For 
most terminations, the transmit signal at the RXA pin 
minus the receive buffer gain should be 6 dB below the 
level at the line. 

Modem Works In Loopback but Falls to Connect 
or Makes Errors In Bursts with Some Other 
Modems 

If anything appears "flaky" about the modem 
operation it is a good idea to check the oscillator 
frequency with a counter capable of resolving to at 
least ten parts per million. Using an oscilloscope is of 
no use whatsoever. Many systems that use crystal 
oscillators are not very particular about the exact 
frequency; this is not so of modems. Measure the 
frequency at the CLK pin and verify that it is between 
11.0581 MHz and 11.0603 MHz. Do not measure at the 
XTL10rXT12pinsastheprobecapacitancewillalterthe 
frequency of oscillation. Some causes of out-of
specification readings are: a) the wrong crystal 
frequency entirely, b) a series-resonant crystal, or c) a 
parallel-resonant crystal unmatched to the circuit 
capacitance. 

Problems Unique to FSK Modes 
The SSI 73K224L does not permit answer tone 

detection in FSK modes, so ensure that a mode other 
than FSK is selected before attempting to detect answer 
tones. 
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DESCRIPTION 

The SSI 7302180 consists of two CMOS integrated 
circuits which provide the data pump functions and 
command interpretation required to construct a high 
performance 1200 biUs full-duplex intelligent modem. 
The 7302180 includes operating modes compatible 
with CCITT V.22, V.21, Bell 212A, and 103 data
communications standards. Using advanced proc
esses that include analog and switched capacitor filter 
techniques, the SSI7302180 offers excellent perform
ance and a high level of functional integration in a 
compact two-chip set. The 7302180 provides a Hayes 
"AT' compatible command interpreter, a 16C450 com
patible UART and an enhanced version of Silicon 
Systems' 73K222L single-chip modem. 

The 7302180 is ideal for use in integral system modem 
products where full-duplex 1200 biUs data-communi
cations over the 2-wire public service telephone net
work is desired. 

SSI7302180 
Bell 212A/1 03, CCITT V.22, V.21 

Modem Device Set 

July, 1990 
FEATURES 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

Multi-mode CCITT V.22IV.21 & Bell 212A1103 com
patible device set for Intelligent modem designs 

Full duplex operation at 0-300 and 1200 bltls 

Includes high-level "AT" command Interpreter 
compatible with 1200 bltls Industry standard prod
ucts 

COmplete complement of "AT" modem features 

Selectable automatic speed detect, handshake and 
autobaud functions 

Dynamic range from 0 to -45dBm 

Call progress, carrier and answer tone detectors 
provide intelligent dialing functions 

DTMF and CCITT guard tone generators 

Test modes available - ALB, Dl, RDL for complete 
test capability 

Space efficient 40-pln DIPs or 44-pin PlCCs 

low power consumption (115 mW using +5V) 
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5517302180 
Bell 212A11 03, CCITT V.22, V.21 
Modem Device Set 

OPERATION 
The SSI 7302180 is a complete Bell 212A1103 and 
V.22N.21 intelligent modem contained in two IC's. 
The device set forms the basis for a high performance 
integral modem product with self-contained command 
interpreter and a 16C450 compatible UART. 

The 7302180 chip set is composed of the SSI 
73K222U single-chip modemlUART and the SSI 
730620 controller chip. The 73K222U is a single-chip 
modem integrated on the same die with a 16C450 
compatible UART. The 73K222U interfaces with the 
main CPU via a parallel demultiplexed bus. Com
mands and data are passed to the chip set over this 
port and are serialized by the on-board UART. The 
730620 controller chip hosts an "AT" compatible 
command interpreter. This controller monitors the 
internal serial bus of the 73K222U (UART output) for 
user commands which it interprets and executes. The 
730620 controller communicates with the 73K222U 
modemlUART via a serial port. Refer to the block 
diagram on Page 1 and to the 73K222U ModemlUART 
Oata Sheet for further details. 

The SSI73K222U provides the OPSK and FSK modu
lator/demodulator functions, call progress and hand
shake tone monitors, test modes and a tone generator 
capable of producing OTMF, answer and CCITT guard 
tones. This device supports the V.22, V.21 and Bell 
212A1103 operating modes. 

DPSK MODULATOR/DEMODULATOR 

In OPSK mode the 7302180 modulates the 1200 bit/s 
incoming data into dibits represented by four possible 
signal points as specified by CCITT recommendation 
V.22 and Bell 212A. The modulator transmits this 
encoded data using either a 1200 Hz (originate mode) 
or 2400 Hz (answer mode) carrier. The demodulator 
reverses this procedure and recovers the data and 
data clock from the incoming signal. 

FSK MODULATORIDEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to repre
sent the binary data. The Bell 103 standard frequen
cies of 1270 and 1070 Hz (originate mark and space) 
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and 2225 and 2025 Hz (answer mark and space) orthe 
V.21 standard frequencies of 980 and 1180 Hz (origi
nate mark and space) and 1650 and 1850 Hz (answer 
mark and space) are used when this mode is selected. 
Oemodulation involves detecting the received fre
quencies and decoding them into the appropriate bi
nary value. 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplit filter is included to shape the amplitude and 
phase response of the transmit signal to a square root 
75% raised cosine and provide rejection of out-of-band 
signals in the receive channel. 

AUTOMATIC HANDSHAKE 

The SSI 7302180 will automatically perform a com
plete handshake as defined by the CCITT V.22, V.21 
and Bell 212A11 03 standards to connect with a remote 
modem. The 7302180 automatically determines the 
speed and operating mode and. adjusts its operation to 
correspond to that of an originating modem when 
answering a call. 

TEST MODES 

The SSI 7302180 allows use of Analog Loopback, 
Oigital Loopback and Remote Oigital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the appropriate control commands, or remotely 
using the ROL function. 

"AT" COMMAND INTERPRETER 

The SSI730620 controller includes an AT command 
interpreter which is compatible with the Hayes 1200 
Smartmodem™ command set. Functions and fea
tures included with intelligent modems are provided by 
the 730620 controller including auto-diaVauto-answer, 
handshake with auto-fallback, and selectable pulse or 
OTMF dialing sequences. 

The 730620 is also compatible with other SSI modeml 
UART family members and can be used interchanga
bly with these products. Modes not available will be 
automatically disabled by the 730620 controller in this 
case. 

0790 - rev. 



)790 - rev. 

SSI7302180 
Bell 212A/1 03, CCITT V.22, V.21 

Modem Device Set 

PIN DESCRIPTION - SSI 730620 CONTROLLER 

GENERAL 

NAME DIP PLCC TYPE DESCRIPTION 

VDD 40 44 I +5V supply ±1 0%. Bypass with a 0.1 J.LF capacitor to ground. 

GND 20 22 I Digital ground 

X1 19 21 I 11.0592 MHz clock input from the 73K222U. 

RST 9 10 I Reset Input. A high on this pinfortwo machine cycles while the 
oscillator is running resets the device. An internal pull-down 
resistor permits power-on reset using a 0.1 J.LF capacitor to the 
5V supply. 

STNDLN 13 15 I Stand alone. Tie low for proper operation as a command 
interpreter. Tie high to disable device. 

EA 31 35 I Tie to VDD. 

AA 28 31 I Auto Answer at power-up. Tie high to enable auto answer on 
power-up feature. Controllerwill automatically answer a ring as 
specified in the S11 register. Tie low to disable auto answer on 
power-up. 

FDCD 14 16 I Force on data carrier detect. Tie low to permanently force on 
data carrier detect indication to controller. Tie high or leave 
floating to allow carrier detection from telephone line. 

FDTR 15 17 I Force on data terminal ready. Tie low to permanently force on 
the data terminal ready indication to the controller. Tie high or 
leave floating to allow data terminal ready indication to be 
obtained from the 73K222U register. 

STL 16 18 I Switched telephone lines. Tie high or leave floating if operating 
with the public switched telephone network lines. Tie low if 
operating with leased lines. 

RI 17 19 I Ring indication. Input to the controller from the telephone ring 
isolation circuit. 
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SSI73D2180 
Bell 212A1103, CCITT V.22, V.21 
Modem Device Set 

PIN DESCRIPTION - SSI 730620 CONTROLLER (Continued) 

MODEM INTERFACE 

NAME DIP PLCC TYPE DESCRIPTION 

MAO-MA2 6-8 7-9 0 See SSI 73K222U pin description 

DATA 1 2 1/0 See SSI 73K222U pin description 

RD 4 5 0 See SSI 73K222U pin description 

WR 5 6 0 See SSI 73K222U pin description 

DClK 2 3 0 See SSI 73K222U pin description 

INT 12 14 0 See SSI 73K222U pin description 

RXD 10 11 I See SSI 73K222U pin description 

TXD 11 13 I See SSI 73K222U pin description 

Note: Unused 73D620 controller pins are active, but not used for this application. These pins should be 
left floating. 

PIN DESCRIPTION - SSI 73K222U 

GENERAL 

NAME DIP PLCC TYPE DESCRIPTION 

VDD 40 44 I +5V Supply ±1 0%, bypass with a 0.1 and a 22 JlF capacitor to 
GND. 

GND 20 22 I Ground. Connect to analog ground. 

VREF 19 21 0 VREF is an internally generated reference voltage which is 
externally bypassed by a 0.1 JlF capacitortothe system ground. 

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

XTL1, 25 27 I These pins are inputs for the internal crystal oscillator requir-
XTl2 24 26 I ing an 11.0592 MHz crystal. XTl2 can also be driven from an 

external clock. 

ClK 21 23 0 Output Clock. This pin provides an 11 .0592 MHz clock to drive 
the 73D620 controller. 
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GENERAL (Continued) 

NAME DIP PLCC 

RESET 10 12 

STNDlN 15 17 

UART INTERFACE 

NAME DIP PLCC 

UAO-UA2 37-39 41-43 

UDO-UD7 27-34 30-37 

DISTR 35 38 

DOSTR 36 39 

CS2 1 2 

INTRPT 5 7 
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5517302180 
Bell 212A11 03, CCITT V.22, V.21 

Modem Device Set 

DESCRIPTION 

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

Tie low to enable the dual-port mode ofthe chip. This is required 
in order to operate properly with the 730620. 

DESCRIPTION 

UART Address. These pins determine which of the UART 
registers is being selected during a read or write on the UART 
data bus. The contents of the DLAB bit in the UART's Line 
Control Register also control which register is referenced. See 
the SSI 73K222U data sheet. 

UART Data. Data or control information to the UART registers 
is carried over these lines. 

Data Input Strobe. A low on this pin requests a read of the 
internal UART registers. Data is output on the DO-D7 lines if 
DISTR and CS2 are active. 

Data Output Strobe. A low on this pin requests a write of the 
internal UART registers. Data on the DO-D71ines are latched 
on the rising edge of DOSTR. Data is only written if both 
DOSTR and CS2 are active. 

Chip Select. A low on this pin allows a read orwrite to the UART 
registers to occur. 

UART Interrupt. This signal indicates that an interrupt condition 
from the UART has occurred. If the Enable 8250A interrupt bit 
in the interrupt Enable Register is 0 the interrupt is gated by the 
DISTR signal to provide compatibility with the 82508. The 
output can be put in a high impedance state with the OUT2 
register bit in the Modem Control Register. See the SSI 
73K222U data sheet. 

2-5 



SSI73D2180 
Bell 212A11 03, CCITT V.22, V.21 
Modem Device Set 

PIN DESCRIPTION - SSI 73K222U (Continued) 

ANALOG I LINE INTERFACE 

NAME DIP PLCC TYPE DESCRIPTION 

TXA1, 3 4 0 Transmitted Analog (differential). These pins provide the ana-
TXA2 4 5 0 log output signals to be transmitted to the phone line. The 

drivers will differentially drive the impedance of the line trans-
former and the impedance matching resistor. An external 
hybrid can also be buib using TXA 1 as a single ended transmit 
signal; in such a case, TXA2 should be left floating. 

RXA 16 18 I Received Analog. This pin inputs analog signals from the line 
transformer to the two-to-four wire hybrid. This input can also 
be taken directly from an extemal hybrid. 

SPKR 17 19 0 Speaker Output. This pin outputs the received signal through 
a programmable attenuator stage, which controls volume or 
disables the speaker. 

OH 18 20 0 Off-hook relay driver. This signal is an open drain output 
capable of sinking 20mA and is used for controlling a hook 
relay. 

MICROPROCESSOR INTERFACE (STNDLN = 0) 

NAME DIP PLCC TYPE DESCRIPTION 

MAO-MA2 12-14 14-16 I Modem Address Control. These lines carry register addresses 
for the modem registers and are valid throughout any read or 
write operation. 

DATA 22 24 I/O Serial Control Data. Serial control data to be readlwritten is 
clocked in/out on the falling edge of the DCLK pin. The direction 
of data transfer is controlled by the state ofthe RD pin. Ifthe RD 
pin is active (low) the DATA line is an output. Conversely, if the 
RD pin is inactive (high) the DATA line is an input. 

RD 23 25 I Read. A low on this input informs the SSI73K222U that control 
data or status information is being read by the processor from 
a modem register. 

WR 26 28 I Write. A low on this input informs the SSI73K222U that control 
data or status information is available for writing into a modem 
register. The procedure for writing is to shift in data LSB first on 
the DATA pin for eight consecutive cycles of DCLK and then to 
pulse WR low. Data is written on the rising edge of WR. 
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SSI7302180 
Bell 212A/1 03, CCITT V.22, V.21 

Modem Device Set 

MICROPROCESSOR INTERFACE (STNDLN = 0) 

NAME DIP PLCC TYPE DESCRIPTION 

DCLK 11 13 I Data Clock. The falling edge of this clock is used to strobe 
control data for the modem registers in orout on the DATA pin. 
The procedure for a WRITE is to shift in data LSB first on the 
OAT A pin for eight consecutive cycles of DCLK and then to 
pulse WR low. Data is written on the rising edge of WR. The 
falling edge of the RD signal must continue for eight cycles of 
DCLK in order to read all eight bits of the reference register. 
Read data is provided LSB first. Data will not be output unless 
the RD signal is active. 

INT 2 3 0 Modem Interrupt (with weak pull-up). This output signal is used 
to inform the 730620 controller that a change in a modem 
detect flag has occurred. The controller then reads the Modem 
Detect Register to determine which detect triggered the inter-
rupt. INT stays active until the controller reads the Modem 
Detect Register or does a full reset. 

IlPRST 8 10 0 Microprocessor Reset. This output signal is used to provide a 
hardware reset to the controller. This signal is high if the 
RESET pin is highorthe MCRbit 03 (OUn) bit is set. Seethe 
SSI 73K222U data sheet. 

RXD 6 8 0 RXD outputs data received by modem from telephone line. 
This data is monitored by the 730620 controller. 

TXD 7 9 0 TXD is serial output of UART. This data is monitored by the 
730620 controller which checks for and executes the "AT' 
commands downloaded from the computer's CPU. 
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SSI73D2180 
Bell 212A11 03, CCITT V.22, V.21 
Modem Device Set 

"AT" COMMANDS SUPPORTED 
(Note: s=string; n=decimal, 0-255; x=Boolean, 011=falseltrue) 

COMMAND OPTIONS 

At Repeats last command line 

A Answer 

Bx BELUCCID = 1/0" 

Ds Dial string specified by s 

Ex Command echo, 0/1 = offlon 

Hn Hook status, 011 = on/off 

In ID code, 011121314 (see Table 5) 

Ln Speaker volume, (0)1/213 = lo/medlhi 

Mn Speaker, 011/21 = control (see Table 3) 

On Online, 011/21 = on-line/on-line with remote digitalloopback 
(see Table 4) 

P Pulse dial 

Qx Quiet result, 011 = 1-quiet 

R Reverse originate 

Sn=n Set S register (see Table 2) 

Sn? Return value in register n (see Table 2) 

T Touch tone dial 

Vx Verbose result, 0/1 = offlon 

Xn Result code, 011/213/4 (see Table 1) 

Yx Enable long space disconnect, 1 = enable 

Z Restore all default settings 

DEFAULT 

NIA 

NIA 

1 

No string 

1 

N/A 

NIA 

2 

1 

NIA 

Pulse 

0 

NlA 

NIA 

NlA 

Pulse 

1 

4 

0 

N/A 

"BO command (CCID mode) is operational only when using K-series modemlUARTs that include CCID 
modes. 

Dial string arguments: 
, = delay @ = silent answer 
; = return to command W = wait for tone 
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! = flash 
R=reverse mode 
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SSI73D2180 
Bell 212A11 03, CCITT V.22, V.21 

Modem Device Set 

TABLE 1: Result Codes 

Xn VOCAL/NUMERIC RESULT CODE 

XO OKlO, CONNECT/1 , RINGl2, NO CARRIERI3, ERRORl4 

X1 All functions of XO + CONNECT (RATE)/1 = 300, 5 = 1200 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSYI7 

X4 All functions of X3 + NO DIAL TONEt6 

TABLE 2: S Registers Supported 

NUMBER FUNCTION UNITS DEFAULT 

SO Answer on ring No. of rings 0001 

S1 Ring counter No. of rings up to 8 000 

S2 Escape code ASCIICHR$() 043 

S3 Carriage return ASCII CHR$() 013 

S4 Line feed ASCIICHR$() 010 

S5 Backspace ASCIICHR$() 008 

S6 Wait for dial tone Seconds 002 

S7 Wait for carrier Seconds 030 

S8 Pause time Seconds 002 

S9 Carrier valid 100 millisecol1ds 006 

S10 Carrier drop out 100 milliseconds 007 

S11 DTMF tone duration 1 millisecond 070 

S12 Escape guard time 20 milliseconds 050 

S13 Bit mapped register N/A 

S14 Bit mapped register Decimal 0-255 Hex6A 

S15 Bit mapped register NJA 

S16 Test register Decimal # 000 

lValid for AA pin tied low. 
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SSI73D2180 
Bell 212A11 03, CCITT V.22, V.21 
Modem Device Set 

DIP SWITCH FUNCTIONS SUPPORTED 
(DIP switches are only read on power-up.) 

PIN FUNCTION 

FDTR Force DTRon 

STL Operate with switched 

telephone lines 

FDCD Force DCDon 

TABLE 3: Speaker Modes 

Mn SPEAKER MODE 

MO Speaker off 

M1 Speaker on during connect only 

M2 Speaker on always 

TABLE 4: 0 Modes 

On ONLINE/RETRAIN MODE 

00 Return online 

01 Return online 

02 Return online with remote digital 
loopback enabled 

SETTINGS (Suggested default um:l!Hlioa!:l) 

Iia bigb D[ tlDa!: DTR signal controls modem 

Tie low: DTR always on 

Iia bigb D[ IIDal: Switched telephone lines 

Tie low: Leased lines 

Iia bigb D[ IIDa!: RS-232 DCD line follows carrier 

Tie low: DCD line always on 

TABLE 5: ID Codes 

In CODE 

10 Product code (139) 

11 ROM checksum 

12 Checksum test 

13 Product revision 

14 Software copyright 
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SSI7302180 
Bell 212A/1 03, CCITT V.22, V.21 

Modem Device Set 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
TA = O°C to 70°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETER RATING UNIT 

VDD Supply VoHage 7 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Applied VoHage -0.3 to VDD +0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETERS CONDITIONS MIN NOM MAX 

VDD, Supply Voltage 4.5 5 5.5 

TA, Operating Free-Air 
Temperature 0 70 

External Component 3 

VREF Bypass Capacitor 2 (External to GND) 0.1 

Bias Setting Resistor 1 (Placed between VDD 
and ISET pins) 1.8 2 2.2 

ISET Bypass CapaCitor 2 ISET pin to GND 0.1 

VDD Bypass CapaCitor 2 (External to GND) 0.1 

Input Clock Variation (11.0592 MHz) -0.01 +0.01 

Note 1: Optional for minimum worst case current consumption. 

Note 2: Minimum for optimized system layout; may require higher values for noisy environments. 
Note 3: Refer to application drawing for placement. 
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DC CHARACTERISTICS 
TA = O°C to +70°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETERS CONDITIONS 

IDO, Supply Current 

73K222U IDDA, Active ISET Resistor = 2 Mil 

73K222U IDDA, Active ISET=GND 

73K222U IDD1, Power-Down ClK = 11.0592 MHz 

73K222U IDD2, Power-Down ClK = 19.200 kHz 

73D620l IDDA, Active 

Digital Inputs 

Input High Current IIH VI =VDD 

Input low Current III VI=O 

Input low Voltage Vil 

Input High Voltage VIH Except RESET & XTl 1 

Input High Voltage VIH RESET &XTl 1 

Pull Down Current RESET pin 

Input Capacitance 

Digital Outputs 

Output High VoHage VOH lOUT = -1 rnA 

VOL UDO-UD7 and INTRPT IOUT=3.2rnA 

VOL other outputs lOUT = 1.6 rnA 

ClK Output VOL IOUT=3.2rnA 

OH Output VOL lOUT = 20 rnA 

OH Output VOL lOUT = 10 rnA 

Offstate Current INTRPT pin VO=OV 

Analog Pins 

RXA Input Resistance 

RXA Input Capacitance 
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MIN NOM MAX UNIT 

8 12 rnA 

8 15 rnA 

3 4 rnA 

2 3 rnA 

11 15 19 rnA 

100 ~ 

-200 ~ 

0.8 V 

2.0 V 

3.0 V 

5 30 ~ 

10 pF 

2.4 VDD V 

.4 V 

.4 V 

0.6 V 

1.0 V 

0.5 V 

-20 20 ~ 

200 kQ 

25 pF 
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DYNAMIC CHARACTERISTICS AND TIMING 
TA = O°C to +70°C, VDD = 5V ± 10%, unless otherwise noted. 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

DPSK Modulator 

Carrier Suppression Measured at TXA 55 dB 

Output Amplitude ANS TONE 2225 or 2100 Hz -11 -10.0 -9 dBmOI 

DPSK TX Scrambled Marks -11 -10.0 -9 dBmO 

FSK Dotting Pattern -11 -10.0 -9 dBmO 

FSK Tone Error Bell 103 or V.21 ±5 Hz 

DTMF Generator 

Freq. Accuracy -.25 .25 % 

Output Amplitude Low Band -10 -9 -8 dBmO 

Output Amplitude High Band -8 -7 -6 dBmO 

Long Loop Detect DPSKor FSK -40 -32 dBmO 

Demodulator 
Dynamic Range DPSKor FSK 45 dB 

call Progress Detector 

Detect Level 2-Tones in 350-600Hz Band -39 0 dBmO 

Reject Level 2-Tones in 350-600Hz Band -46 dBmO 

Delay Time -70dBmO to -30dBmO Step 27 80 ms 

Hold Time -30dBmO to -70dBmO 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 dBmO to -70 dBmO Step 10 24 ms 

Note 1: All units in dBmO are measured at the line side to the transformer. The interface circuit inserts an 8dB 
loss in the transmit path (TXA1 - TXA2 to line), and a 3dB loss in the receive path (line to RXA). 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Answer Tone Detector 

Detect level Threshold In FSKmode 

Delay Time -70dBmO to -30dBmO STEP 

Hold Time -30dBmO to -70dBmO STEP 

Detect Frequency Range 

Hybrid Loading 

R1 See Figure 1 

R2 Nominal telephone line load 

C TXA Hybrid loading 

Speaker Output 

Gain Error 

Output Swing SPKR 10KII50pF lOAD 5% THO 

CarrlerVCO 

Capture Range Originate or Answer 

Capture Time -10Hz to +1 OHz Carrier 
Frequency change assumed 

Recovered Clock 

Capture Range % of Center Frequency 

Data Delay Time Analog data in at RXA pin to 
receive data valid at RXD pin. 

Guard Tone Generator 

Tone Accuracy 550 or 1800Hz 

Tone level 550 Hz 

(Below DPSK Output) 1800 Hz 

Harmonic Distortion 700 to 2900 Hz 

capacitance 

Inputs All digital inputs 

XTl1,XTl2 Per crystal manufacturer's 
load capacitors recommendations 

ClK Maximum capacitive load 

2-14 

MIN NOM MAX UNIT 

-49.5 -42 dBmO 

20 45 ms 

10 30 ms 

-2.5 +2.5 % 

600 Q 

600 Q 

.02 .033 IlF 

-1 +1 dB 

2.75 VPP 

-10 10 Hz 

40 100 ms 

-625 +625 ppm 

30 50 ms 

-20 +20 Hz 

-4.0 -3.0 -2.0 dB 

-7.0 -6.0 -5.0 dB 

-60 dB 

10 pF 

30 pF 

15 pF 
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TXA1 

RXA~---" 

C 

TXA2 

R1 

SSI7302180 
Bell 212A11 03, CCITT V.22, V.21 

Modem Device Set 

600n 

R2 

Nominal telephone 
line load. 

FIGURE 1: TXA Hybrid Loading Analog Interface Hybrid Loading 

SERIAL BUS INTERFACE (See Figure 2) 
The following times are for CL = 100pF. 

PARAMETER 

TRD Data out from Read 

TCKD Data out after Clock 

TRDF Data Float after Read 

TRCK Clock High after Read 

TWW Write Width 

TDCK Data Setup Before Clock 

TCKD Data Hold after Clock 

TCKW Write after Clock 

TACR Address setup before Controi1 

TCAR Address Hold after Control I 

TACW Address setup before Write 

TCAW Address Hold after Write 

Note 1: Control is later of falling edge of RD or DCLK. 
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MIN NOM MAX UNIT 

0 140 ns 

200 ns 

0 200 ns 

200 ns 

140 25000 ns 

150 ns 

20 ns 

150 ns 

50 ns 

50 ns 

50 ns 

50 ns 
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WAlTEIIODE 

DCLK 

WI'! 

ADDRESS 

DATA 

FIGURE 2: Modem Serial Bus Timing 

TCKW 

I TAr.W I I T~AW 
~ ~ 

ADDR 

PARALLEL BUS INTERFACE (See Figure 3) The following times are for CI = 100pF. 

PARAMETER MIN MAX UNIT 

RC Read Cycle = TAD + TRC 240 ns 

TDIW DISTR Width 80 ns 

TDDD Delay DISTR to Data (read time) 80 ns 

THZ DISTR to Floating Data Delay 0 50 ns 

TRA Address Hold after DISTR 20 ns 

TRCS Chip select hold after DISTR 20 ns 

TAR DISTR Delay after Address 20 ns 

TCSR DISTR Delay after Chip Select 20 ns 

WC Write Cycle = TAW + TDOW + TWC 140 ns 

TDOW DOSTRWidth 80 ns 

TDS Data Setup 30 ns 

TDH Data Hold 20 ns 
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AIlS" 
(SllIIDLN .1) 

ADDRESS 
UA2 (UA3)-UAO 

DATA 
UD7-UDO 

SSI73D2180 
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FIGURE 3: UART Bus Timing 

PARALLEL BUS INTERFACE (Continued) 

PARAMETER MIN MAX UNIT 

TWA Address Hold after DOSTR 20 ns 

TWCS Chip select hold after DOSTR 20 ns 

TAW DOSTR delay after Address 20 ns 

TCSW DOSTR delay after Chip Select 20 ns 

TADS Address Strobe Width ns 

TAS Address Setup Time ns 

TAH Address Hold Time ns 

TCS Chip Select Setup Time ns 
_ .. 

- TCH Chip Select Hold Time ns 

TRC Read Cycle Delay 40 ns 

TWC Write Cycle Delay 40 ns 

TAD Address to Read Data 200 ns 
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TYPICAL PERFORMANCE 
CHARACTERISTICS 

The 551 73K222U was designed using an integrated 
analog/digital architecture that offers optimum per
formance over a wide range of line conditions. The 
551 73K222U utilizes the circuit design proven in 
SSl's 73K222L one-chip modem, with added en
hancements which extend low signal level perform
ance and increase immunity to spurious noise typically 
encountered in integral bus applications. The 
551 73K222U provides excellent immunity to the 
types of disturbances present with usage of the dial-up 
telephone network. The following curves show repre
sentative Bit Error Rate performance under various 
line conditions. (See Figures 4, 5 and 6 Performance 
Curves) 
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FIGURE 4: SSI73K222U Typical BER vs. SIN 
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BER vs SIN 
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 Iowa SIN 
ratio as possible. Optimum performance is shown by 
curves that are closest to the zero axis. A narrow 
spread between curves for the four line conditions 
indicates minimal variation in performance when oper
ating over a range of line qualities and is typical of high 
performance adaptive equalization receivers. High 
band receive data is typically better than low band due 
to the inherent design of PSK modems. 
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FIGURE 5: SSI 73K222U Typical 
BER VS. Receive Level 
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BER vs Receive Level 

This measures the dynamic range of the modem. As 
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. 
SIN 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 1 O· BER point is a measure of the 
dynamic range. 

BER vs Carrier Offset 

This parameter indicates how the modem performance 
is impacted by frequency shifts encountered in normal 
PSTN operation. Flat curves show no performance 
degradation from frequency offsets. The SSI K-Series 
devices use a 2nd order carrier tracking phase-Iocked
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. 
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FIGURE 7: Typical Bloclt Diagram for an Internal Modem Utilizing the SSI7302180 Chip-Set 
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PACKAGE PIN DESIGNATIONS 

DATA VDD 

DClK NC 

NC NC 

NC 

WIt NC 

MAD NC 

MAl NC 

MA2 NC 

RST NC 

RXD EA 

TXD NC 

lfiIT NC 

STNDLN AA 

mm NC 

mm NC 

STL NC 

m NC 

NC NC 

Xl NC 

GND NC 

SSI 730620 4O-pln DIP 

~ ~ 
~ ~ 

...J 0 
0 0 < 0 c 0 0 0 0 z c c z > z z z z 

6 5 4 3 2 1 4443 42 41 40 
39 NC 

38 NC 

37 NC 

RST 36 NC 

AXD 35 EA 

NC 34 NC 

TXD 33 NC 

m 32 NC 

STNDLN 31 M 

'ImW 3D NC 

mR" 29 NC 
19 2D 21 22 23 24 25 26 27 2B 

F ICC 0 x c 0 0 ~ ~ 0 0 z z z z z z U) Cl 

SSI 730620 44-pln PLCC 
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"C"S2 VDD 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI7302180 Chip-set 
Two 40-pin OIP packages 

SSI7302180 Chip-set 
Two 44-pin PLCC packages 

ORDER NO. PKG.MARK 

SS17302180L-CP 73K222U-IP 
730620L-CP 

SS17302180L-CH 73K222U-IH 
73D620L-CH 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 

©1989 Silicon Systems,lnc. 
Protected by the following patents: (4,691,172), (4,777,453) 2-22 0790- rev. 



DESCRIPTION 

The 551 7302240 is a set of two ICs that provide the 
data pump functions needed to design a high-perform
ance,low-power2400 bitJs intelligent modem for use in 
dial-up telephone network applications. The 7302240 
consists of the SSI 73K224L 1-chip multi-mode mo
dem along with the 551 730600, a companion super
visory controller that provides a complete "A r' com
mand and feature set compatible with industry stan
dard products. 

The 7302240 includes operating modes compatible 
with CCITT V.22bis, V.22, and V.21 , as well as Bell 
212A and 103 data communications standards. Using 
advanced CM05 processes that integrate analog, 
digital signal processing and switched capacitor filter 
functions on the same chip, the 551 7302240 offers 
excellent performance, full modem features and the 
lowest power consumption available in a compact 2-
chip set. 

(Continued) 
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FEATURES 

• 

• 

• 

• 

• 
• 

• 

o 

• 

Multi-mode V.22blsN.221V.21 & Bell 212A1103 com
patible device set for Intelligent modem designs 

Full duplex operation at 0-300,1200 and 2400 bitts 
with all synch & asynch operating modes 

Includes high-level "AT" command Interpreter 
compatible with 2400 bitls Industry standard prod
ucts 

73K600 Controller Compatible with other K-serles 
products 

Complete complement of "AT" modem features 

Selectable automatic speed detect, handshake and 
autobaud functions 

Supports external non-volatile memory to store 
user configurations 

Adaptive equalization for optimum performance 
over all JInes 

Dynamic range from -3 to -45 dBm (Continued) 

BLOCK DIAGRAM 

U .. ,lntwee 
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AD1 
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Drive ... 

ClK GND 
XTAl1 RXA 
XTAL2 VREF 
ADO RESET 
AD1 ISET 
AD2 RXClK 
AD3 RXD 
AD4 ~ ADS 
AD6 EXClK 
AC7 TX%lf 
~ TXA 
ml" VDD 

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

The 7302240 can be used in free-standing and integral 
modem designs where full-duplex 2400 bitls operation 
is required. Single 5V supply operation with extremely 
low power draw make it ideal for battery powered 
terminals, lap-top PCs and other power sensitive ap
plications. 

FEATURES (Continued) 

• Call progress, carrier and answer tone 
detectors provide Intelligent dialing functions 

• DTMF and CCITT guard tone generators 

• Test modes available • ALB, DL, RDL for 
complete test capabliHy 

• Space efficient 28- and 4O-pln DIPs 

• All CMOS technology for low power 
consumption « 600mW using ±5V) 

OPERATION 

The SSI 7302240 is a complete V.22bis intelligent 
modem contained in two CMOS ICs. The device set 
forms the basis for a high performance stand-alone 
modem product with self-contained command inter
preter, indicator LEOs, and interface lines for an RS-
232 serial port. Both data and commands are passed 
over the serial port as in conventional intelligent rrio
dem designs. 

The SSI7302240 provides the QAM, PSK and FSK 
modulator/demodulator functions, call progress and 
handshake tone monitors, test modes and a tone 
generator capable of producing OTMF, answer and 
CCITT guard tones. This device supports the V.22bis, 
V.22, V.21 and Bell 212N103 operating modes, both 
synchronous and asynchronous. The 7302240 is 
deSigned to provide functions needed for an intelligent 
modem and includes auto-diaVauto-answer, hand
shake with auto-fallback, and selectable pulse or 
OTMF dialing sequences to simplify these deSigns. 

The SSI 7302240 consists of two devices. The 
SSI 73K224L is an analog processor and OSP that 
perform the fiHering, timing adjustment,level detection 
and modulation/demodulation functions. The 
SSI 730600 is a command processor that provides 
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supervisory control and command interpretation. The 
SSI730600 is also compatible with the SSI73K212, 
221 and 222 K-series modem ICs. 

QAM MODULATORIDEMODULATOR 

The SSI 7302240 scrambles and encodes the 
2400 bitls incoming data into quad bits represented by 
16 possible signal points as specified by cCln recom
mendation V.22 bis .. The modulator transmits this 
encoded data using either a 1200 Hz (originate mode) 
or 2400 Hz (answer mode) carrier. The demodulator 
reverses this procedure and recovers a data clock from 
the incoming signal. Adaptive equalization corrects for 
different line conditions by automatically changing filter 
parameters to compensate for line characteristics. 

DPSK MODULATOR/DEMODULATOR 

In OPSK mode the 7302240 modulates the 1200 bitls 
incoming data using a subset of the QAM signal points 
as specified by cCln recommendation V.22bis, V.22 
and Bell 212A. The OPSK demodulator is similartothe 
QAM demodulator. 

FSK MODULATOR/DEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to repre
sent the binary data. The Bell 103 standard frequen
cies of 1270 and 1070 Hz (originate mark and space) 
and 2225 and 2025 Hz (answer mark and space) or the 
V.21 standard frequencies of 980 and 1180 Hz (origi
nate mark and space) and 1650 and 1850 Hz (answer 
mark and space) are used when this mode is selected. 
Demodulation involves detecting the received fre
quencies .and decoding them into the appropriate bi
nary value. 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplit fiHer is included to shape the amplitude and 
phase response of the transmit signal to a square root 
75% raised cosine and provide rejection of out-of-band 
signals in the receive channel. 

ASYNCHRONOUS MODES 

The character asynchronous modes are used for com
munication between asynchronous terminals which 
may vary the data rate from +1.5% to -2.3%. When 
transmitting in this mode the serial data on the TXO 
input is passed through a rate converter which inserts 
or deletes stop bits in the serial bit stream in order to 
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output the data within 0.01 %. The signal is routed to a 
data scrambler (following the cClrr V.22bis algo
rithm) and into the modulator. The 7302240 recog
nizes a break signal and handles it in accordance with 
specifications. Received data is processed in a similar 
fashion except that the rate converter now acts to 
reinsert any deleted stop bits. An incoming break 
signal will be passed through without incorrectly in
serting a stop bit. 

SYNCHRONOUS MODES 

Synchronous operation is possible only with the QAM 
or OPSK modes. Operation is similar to that of the 
asynchronous mode except that data must be synchro
nized to a provided clock and no variation in data 
transfer rate is allowable. External synchronous mode 
is provided for a user supplied clock accurate to 
±0.01%. Serial input data appearing at TXO must be 
valid on the rising edge of TXCLK. Receive data atthe 
RXO output is clocked outon the rising edge of RXCLK. 
The asynclsynch converter is bypassed when syn
chronous mode is selected and data is transmitted out 
at the same rate as is input. The RXCLK, TXCLK and 
EXCLK are for synchronous modes only. 

AUTOMATIC HANDSHAKE 

The SSI 7302240 will automatically perform a com
plete handshake as defined by the V.22bis, V.22 and 
Bell 212N103 standards to connect with a remote 
modem. The 7302240 automatically determines the 
speed and operating mode and adjusts its operation to 
correspond to that of an answering modem when 
originating a call. 

TEST MODES 

The SSI 7302240 allows use of Analog Loopback, 
Oigital Loopback and Remote Oigital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the appropriate control commands, or remotely 
using the ROL function. 
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ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN 

The SSI 7302240 uses adaptive equalization which 
automatically compensates for varying line character
istics by adjusting taps on a multi-tap FIR filter. Opti
mum performance is obtained with this technique ov.er 
a wide range of line conditions. When the line quality 
deteriorates to a specified level the 7302240 can 
automatically initiate a retrain of the equalizer to re
establish data communications without the need to go 
through a complete handshake sequence. 

"AT" COMMAND INTERPRETER 

The SSI7302240 includes an AT command interpreter 
which is compatible with the Hayes 2400 Smart
modem™ command set. Functions and features in
cluded with intelligent modems are provided by the 
7302240 command interpreter. The 730600 control
lermay also be used with the 73K212, K221, and K222. 
It will function with these parts in the modes supported 
by the device. It will still support the Hayes Smart
modem™ 2400 commands even though operation at 
2400 bitls will not be permitted. The controller reads 
the device signature of the modem IC installed to 
determine which modes should be allowed. 

NON-VOLATILE MEMORY 

The SSI 7302240 supports connection to an external 
non-volatile memory (National 9346 or equivalent) to 
store dial strings and the current AT command con
figuration. If NOVRAM is not present, the fact~ry 
default configuration is automatically used, but dial 
string storage is not permitted. 
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SPEED/PROTOCOL COMPATIBILITY GUIDE 

Bell 

Calling a: 300 

Bell 300 (103) 300 

1200 (212) 300 

24001 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

. Bell 

Called from a: 300 

Bell 300 (103) 300 

1200 (212) 300 

2400 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

7302240 originating as: 

CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

7302240 answering as: 

CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

1 A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks. 
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2400 

300 

1200 

2400 

-
1200 

2400 

2400 

300 

1200 

2400 

-
1200 

2400 
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"AT" COMMANDS SUPPORTED 
(Note: s",string; n",decimal, 0-255; x",Boolean, 0/1",false/true) 

COMMAND OPTIONS 

N Repeats last command line 

A Answer 

Bx BELUCCITT '" 1/0 answer tone @1200 (N/A @2400) 

OS",n Dial string specified by n, n '" 0-3 

Ex Command echo, 0/1 '" off/on 

Hn Hook status, 011 '" on/off 

In 10 code, 0/112 (see Table 8) 

Ln Speaker volume, (0)1/213", lo/med/hi 

Mn Speaker, 0/1/213", control (see Table 3) 

On Online, 0/1/213", online/retrain/no retrain (see Table 4) 

P Pulse dial 

Qx Quiet result, 0/1 '" 1-quiet 

R Reverse originate 

Sn",n Set S register (see Table 2) 

Sn? Return value in register n (see Table 2) 

T Touch tone dial 

Vx Verbose result, 011 '" off/on 

Xn Result code, 0/1/213/4 (see Table 1) 

Yx Enable long space disconnect, 1 '" enable 

ZX Restore from Non-Volatile Memory, x '" 0 or 1 

&Cx Carrier detect override, 011 '" on/normal 

&On OTR mode, 0/1/213 (see Table 5) 

&F Restore to factory configuration 

&Gn CCITT guard tone, 0/1/2", offl1800/550 

&Jx Auxiliary relay control 

&Mn AsynclSync mode, 011/213 (see Table 6) 
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DEFAULT 

N/A 

N/A 

1 

n",O 

1 

N/A 

N/A 

2 

1 

N/A 

Pulse 

0 

N/A 

N/A 

N/A 

Pulse 

1 

4 

0 

N/A 

0 

0 

NlA 

0 

0 

0 
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"AT" COMMANDS SUPPORTED (Continued) 

COMMAND OPTIONS 

&Px Pulse dial mode, 0/1=U.S.lU.K. 

&Qx Same as &M 

&Rx Enable RTS/CTS 

&Sx DSR override, OI1=U.S.lU.K. 

&Tn Test mode (see Table 7) 

&V View active configuration and user profiles 

&Wx Write current configuration to NVRAM x = 0 or 1 

&Xn Sync Tx clock mode, 0/1/2=intlextlslave 

&Yx Designate default user profile ZO or Z1 

&Zn=s Store a telephone number n = 0-3 

Factory configuration': 

DEFAULT 

0 

N/A 
0 

0 

N/A 
N/A 

0 

0 

N/A 
N/A 

B1 E1 F1 L2 M1 P ao V1 X4 YO &CO &00 &GO &JO &MO &PO &RO &SO &T4 &XO 

Dial string arguments: 
, = delay @ = silent answer ! = flash 
; = return to command s = dial stored number W = wait for tone R=reverse mode 

TABLE 1: Result Codes 

Xn VOCAL/NUMERIC RESULT CODE 

XO OKlO, CONNECT/1, RING/2, NO CARRIERI3, ERRORl4 

X1 All functions of XO + CONNECT (RATE)/1 = 300,5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSY/? 

X4 All functions of X3 + NO DIAL TONEt6 

TABLE 2: S Registers Supponed 

Sn FUNCTION UNITS DEFAULT 

S02 Answer on ring No. of rings 000 

S1 Ring counter No. of rings up to 8 000 

S2 Escape code ASCII CHR$() 043 

S3 Carriage return ASCII CHR$() 013 

, If the NOVRAM has not been initialized it may be necessary to Power down/Power up and type AT&F&W<cr> 
to properly initialize modem state. 

2 Stored in NVRAM with & W command 
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TABLE 2: S Registers Supported (Continued) 

NUMBER FUNCTION 

S4 Line feed 

S5 Backspace 

S6 Wait for dial tone 

87 Wait for carrier 

S8 Pause time 

89 Carrier valid 

810 Carrier drop out 

S11 DTMF tone duration 

S12 Escape guard time 

S13 Unused 

·S142 Bit mapped register 

S15 Unused 

S16 Test register 

S18 Test timer 

S19 Unused 

S20 Unused 

·S21 2 Bit mapped register 

·S222 Bit mapped register 

·S232 Bit mapped register 

S24 Unused 

S252 DTRdelay 

S262 CTSdelay 

·S272 Bit mapped register 

UNITS 

A8CIICHR$() 

ASCIICHR$() 

Seconds 

Seconds 

Seconds 

100 milliseconds 

100 milliseconds 

1 millisecond 

20 milliseconds 

Decimal 0-255 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseconds 

10 milliseconds 

Decimal 0-255 

SSI7302240 
V.22bis 2400 Bitts 

Modem Device Set 

DEFAULT 

010 

008 

002 

030 

002 

006 

014 

070 

050 

N/A 

170 

N/A 

000 

000 

N/A 

N/A 

000 

118 

007 

N/A 

005 

001 

064 

• The bit mapped register functions are equivalent to normal "AT' command modem registers. They are not 
needed for evaluation of the 73D2240 capabilities. 

Asynchronous character formats supported: 
[Number of data bits, parity (even/odd/none), number of stop bits] 

1200/2400 biUs: 7N2, 7E1, 701, 8N1 300 biUs: 7N2, 7E1, 701, 8N1 

2 Stored in NVRAM with &W command 
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TABLE 3: Speaker Modes 

Mn SPEAKER MODE 

MO Speaker off 

M1 Speaker on during connect only 

M2 Speaker on always 

M3 Speaker on during call progress 

TABLE 4: 0 Modes 

On ONLINE/RETRAIN MODE 

00 Return online 

01 Return online with retrain 

02 Enable automatic retrain (default) 

03 Disable automatic retrain 

TABLE 5: DTR Modes 

&Dn DTRMODE 

&DO Ignore DTR 

&D1 Go to command state if ON to OFF 
detected 

&D2 Go to command state and disable auto-
answer if ON to OFF detected 

&D3 Initialize modem with NVRAM if ON to 
OFF detected 

2-30 

TABLE 6: Synchronous Modes 

&Mn SYNCHRONOUS MODE 

&MO Asynchronous 

&M1 Sync mode entered upon completion of 
connect sequence 

&M2 Dial stored number on OFF to ON tran-
sition of DTR and go online 

&M3 Manual dial using DTR as talk data 
switch 

TABLE 7: Test Modes 

&Tn TEST MODE 

&TO End/Abort test 

&T1 Initiate local analog loopback (L3) 

&T3 Initiate local digitalloopback 

&T4 Permit remote digitalloopback (L2) 

&T5 Prohibit remote digitalloopback 

&T6 Initiate remote digitalloopback (L2) 

&T7 Initiate RDL with self-test and error 
detector 

&T8 Initiate ALB with self-test and error 
detector 

TABLE 8: ID Codes 

In CODE 

10 Product code (249) 

11 ROM checksum 

12 Checksum test 

13 Product revision 

14 Software copyright 
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HARDWARE INTERFACE 

POWER SUPPLIES AND CLOCKS 

LABEL I/O PIN CONNECTION 

73M224L 730600 

VDD I 15 40 

VDD I 28 

GND I 28 

Xi I 19 

ClK 0 18 

RST I 25 9 

DAAINTERFACE 

RxA I 27 

TxA 0 16 

VC1 0 6 

VC2 0 4 

RINGD I 12 

OH 0 1 

AUX 0 21 

RS-232N.24 INTERFACE 

RI 0 22 

HS 0 23 

TXD I 21 10 

RXD 0 22 11 

DCD 0 3 

DSR 0 24 

EXClK I 19 

RXClK 0 23 

TXClK 0 18 

CTS 0 8 

RTS I 2 

DTR I 7 
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DESCRIPTION 

Positive supply (+5V) 

System ground 

Digital ground 

Clock input 11.0592 MHz 

Clock output 11.0592 MHz 

Reseti10j.Lf & 8.2k) 

Receive analog from DM 

Transmit analog to DAA 

Audio volume control 

Audio volume control 

From ring indicator 

Off hook relay control 

Auxiliary relay control 

Ring indicator output 

Indicates high speed 

Digital data from terminal 

Digital receive data 

Data carrier detect 

Data set ready 

External Tx sync clock input 

Receive clock ouptut 

Transmit clock output 

Clear to send 

Request to send 

Indicates DTE available 
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HARDWARE INTERFACE (Continued) 

LED DISPLAY SIGNAL SOURCE 

PIN CONNECTION 

LABEL I/O 73D600 

TR LED 28 

SO LED 11 

RD LED 10 

CD LED 25 

HS LED 23 

MR LED 27 

AA LED 26 

OH LED 1 

NVRAM INTERFACE 73D600 

NVCE 0 15 

NVRM 1/0 14 

NVSK I 5 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

VDD Supply Voltage 73K224L 

730600 

Storage Temperature 

Soldering Temperature (10 sec.) 

Applied Voltage 

DESCRIPTION 

Data terminal ready (Active Low) 

Transmit data (Mark = High) 

Receive data (Mark = High) 

Data carrier detect (Active Low) 

High speed indicator (Active Low) 

Modem readyltest in progress (Active Low) 

Auto answer indicator (Active Low) 

Off hook indicator (Active Low) 

NVCE 

NVRM 

NVSK 

RATING UNIT 

14 V 

7 V 

-65 to 150 °C 

260 °C 

-0.3 to VDD+0.3 V 

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

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

External Components (Refer to Application section for placement.) 

VREF Bypass capacitor (VREF to GND) 0.1 ~F 
Bias setting resistor (Placed between VDD 

and ISET pins) 1.8 2 2.2 MQ 

ISET Bypass capaCitor (ISET pin to GND) 0.1 ~F 

VDD Bypass capacitor 1 (VDDtoGND) 0.1 ~F 

VDD Bypass capacitor 2 (VDDto GND) 22 ~F 
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RECOMMENDED OPERATING CONDITIONS (continued) 

PARAMETER CONDITIONS MIN 

External Components - 730600 

VDD Bypass Capacitor VDDto GND 1 

XTl1, 2 load Capacitors Typical, depends on crystal 15 

Clock Variation (11.0592 MHz) Crystal or -0.01 
external clock 

TA, Operating Free-Air -40 
Temperature 

DC ELECTRICAL CHARACTERISTICS 
"(TA = -40°C to 70°C, VDD =recomrnended range unless otherwise noted.) 

VDD Supply Voltage 

73D600, 73K224l 4.5 

IDD Supply Current ClK = 11.0592 MHz 

73K224l ISET Resistor = 2 MO 

IDD1, Active 

IDD2,Idie ClK = 11.0592 MHz 

73K600 

IDD1, Active 

IDD2,Idie 

Digital Inputs 73K224l 

Vll, Input low Voltage 

VIH, Input High Voltage 

All Inputs except Reset 2.0 
XTl1, XTl2 

Reset, XTl1 , XTl2 3.0 

IIH, Input High Current VI=VIH MAX 

Ill, Input low Current VI =Vll MIN -200 

Reset Pull-down Current Reset = VDD 5 

Digital Outputs 73K224l 

VOH, Output High Voltage IO=IOH Min 2.4 
lOUT = -0.4 rnA 

VOL, Output low Voltage 10 = lOUT = 1.6 rnA 

VOL, ClK Output lOUT = 3.6 rnA 

RXD Tri-State Pull-up Curro RXD=GND -5 

Capacitance 73K224l 

Inputs Input capacitance, all Digital Input 
pins 

ClK Maximum Capacitive load 

SSI73D2240 
V.22bis 2400 Bitls 

Modem Device Set 

NOM MAX UNITS 

IlF 
40 pF 

+0.01 % 

70 °C 

5 5.5 V 

25 27 rnA 

3 rnA 

16 rnA 

3.7 mA 

0.8 V 

VDD V 

VDD V 

100 IlA 
IlA 

50 IlA 

VDD V 

0.4 V 

0.6 V 

-50 IlA 

10 pF 

15 pF 

" Although marked as a commercial temperature range part (0-70°C) the 73K224l operates to -40°C as 
with industrial temperature range rated devices. 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 
Digital Inputs 73K600 

VIL, Input Low Voltage 
VIH, Input High Voltage 
Reset, X1 
All Other Pins 

ilL, Low Input Current Vin=0.45V 
ITL, Logic 1 to 0 
Transition Current Vin= 2.0V 
Digital Outputs 73K600 
VOH Output High Voltage 

All Ports 
Except ALE, ADO-7 IOH=-80~ 

ADO-7, ALE IOH=-400~ 

VOL Output Low Voltage 
All Ports 
Except ALE, ADO-7 IOL= 1.6~ 
ADO-7, ALE IOL=3.2~ 

Reset Pull Down Resistor 

DYNAMIC CHARACTERISTICS AND TIMING 

MIN 

0 

.7VDD 

.2VDD 
+.9 

2.4 
2.4 

40 

(TA = -40°C to +70°C, VDD = recommended range unless otherwise noted.) 

PARAMETERS CONDITIONS MIN 
QAM/DPSK Modulator 

Carrier Suppression Measured at TXA 55 
Output Amplitude TX scrambled marks -11.5 

FSK Modulator 
Output Freq. Error CLK = 11.0592 MHz -0.31 
Transmit Level Transmit Dotting Pattern -11.5 
Output Distortion All products through BPF 
Output Bias Distortion Transmit Dotting Pattem -5 

inALB@ RXD 
2100 Hz Answer Tone Generator 

Output Amplitude -11.5 
Output Distortion All products though BPF 

NOTE: Parameters expressed in dBmO refer to the following definition: 
o dB loss in the Transmit path to the line. 
2 dB gain in the Receive path from the line. 

NOM MAX 

.2VDD-.1 

VDD 
VDD 

-50 

-500 

0.45 
0.45 

125 

NOM MAX 

-10.0 -9 

+0.05 
-10.0 -9 

-45 
+5 

-10 -9 
-40 

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

V 

V 
V 

~ 

~ 

V 

V 
V 

kQ 

UNITS 

dB 
dBmO 

% 
dBmO 

dB 
% 

dBmO 
dB 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

DTMF Generator 

Freq. Accuracy 

Output Amplitude 

Output Amplitude 

Twist High-Band to Low-Band 

Receiver Dynamic Range Refer to Performance Curves 

Call Progress Detector In Caliinit mode 

Detect Level 460 Hz test signal 

Reject Level 

Delay Time -70 dBmO to -30 dBmO STEP 

Hold Time -30 dBmO to -70 dBmO STEP 

Hysteresis 

Carrier Detect 

Threshold QAM/DPSK or FSK receive data 

Hysteresis All Modes 

DPSK -70 dBmO to -6 dBmO 

-70 dBmO to -40 dBmO 
Delay Time 

QAM -70 dBmO to -60 dBmO 

-70 dBmO to -40 dBmO 

DPSK -6 dBmO to -70 dBmO 

Hold Time 
-40 dBmO to -70 dBmO 

QAM -6 dBmO to -70 dBmO 

-40 dBmO to -70 dBmO 

Answer Tone Detectors Caliinit Mode 

Detect Level 

Detect Time For signals from 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 

Detect Time Demod Mode for signals from 

Hold Time -6 to -40 dBmO, 2100 or 2225 Hz 

0790- rev. 2-35 

MIN 

-0.25 

-10 

-8 

1.0 

-48 

-34 

2 

-48 

2 

15 

15 

25 

25 

15 

10 

44 

21 

-48 

7 

10 

4 

11 

SSI73D2240 
V.22bis 2400 Bitts 

Modem Device Set 

NOM MAX UNITS 

+0.25 0/0 

-8 dBmO 

-6 dBmO 

2.0 3.0 dB 

-3 dBmO 

0 dBmO 

-40 dBmO 

25 ms 

25 ms 

dB 

-43 dBmO 

dB 

20 25 ms 

20 25 ms 

30 35 ms 

33 41 ms 

22 28 ms 

15 20 ms 

50 56 ms 

26 31 ms 

-43 dBmO 

37 ms 

48 ms 

26 ms 

43 ms 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS 

Pattern Detectors DPSKMode 

S1 Pattern 

Delay Time For signals from -6 to -40 dBmO, 

Hold Time Demod Mode 

Unscrambled Mark 

Delay Time For signals from -6 to -40, 

Hold Time Demod or caliinit Mode 

Receive Level Indicator 

Detect On 

Valid after Carrier Detect 

Output Smoothing Filter 

Output Impedance TXApin 

Output load TXA pin; FSK Single 

Tone out for THO = -50 dB 
in 0.3 to 3.4 kHz range 

Maximum Transmitted 4 kHz, Guard Tones off 

Energy 10 kHz, Guard Tones off 

12 kHz, Guard Tones off 

Anti Alias Low Pass Filter (Frequency kHz) 

Out of Band Signal Energy Level at RXA pin with receive 
(Defines Hybrid Trans- Boost Enabled 

Hybrid loss requirements) Scrambled data at 2400 bills 
in opposite band 

Sinusoids out of band 

Clock Noise TXA pin; 153.6 kHz 

73K224L 

Carrier Offset 

Capture Range Originate or Answer 
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MIN NOM MAX UNITS 

15 32 ms 

4 21 ms 

16 38 ms 

13 47 ms 

-20 dBmO 

10 ms 

200 300 n 

10 kn 

50 pF 

-35 dBmO 

-60 dBmO 

-70 dBmO 

-14 dBm 

-9 dBm 

1.5 mVrms 

±7 ±10 Hz 
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DYNAMIC CHARACTERISTICS AND TIMING (Continued) 

PARAMETERS CONDITIONS MIN NOM 

Recovered Clock 

Capture Range % of frequency originate or -.024 
answer 

Guard Tone Generator 

Tone Accuracy 550 Hz 

1800 Hz -0.7 

Tone level 550 Hz -5.0 -3.0 

(Below QAM/DPSK 1800 Hz -8.0 -6.0 
Output) 

Harmonic Distortion 550 Hz 

(700 to 2900 Hz) 1800 Hz 

Timing (Refer to Timing Diagrams) 

1 : 

TAL CS/Addr. setup before ALE 30 

TlA CS/Addr. Hold after latch 20 

TLC latch to RD/WR control 40 

TCl RD/WR Control to latch 10 

TRD Data out from RD 0 

Tll ALE width 60 

TRDF Data float after READ 0 

TRW READ width 200 

TWW WRITE width 140 

TOW Data setup before WRITE 150 

TWD Data hold after WRITE 20 

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

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

ALE 
j...I!41 

~--------~------------
~~~I 

+ + ~~I 
TRD TRDF + + 

~ ~ j~ -+ j~ 14TDW~~ I ... 

FIGURE 1: Bus Timing Diagram (Parallel Version) 
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MAX UNITS 

+.024 % 

+1.18 % 

-2.0 dB 

-5.0 dB 

-50 dB 

-60 dB 

ns 

ns 

ns 

ns 

140 ns 

ns 

200 ns 

25000 ns 

25000 ns 

ns 

ns 
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PERFORMANCE DATA 
(This performance data was taken using an AEA tester and the 73D2402 MEU board.) 

TYPICAL BER PERFORMANCE 
(-20dBm receive level 1 0-5 BER) 

PARAMETER - RECEIVE BAND C-WEIGHTED 

2400 bitls Originate 

2400 bitls Answer 

1200 bitls Originate 

1200 bitls Answer 

0~300 bitls Originate 

0-300 bitls Answer 

MINIMUM SNR REQUIRED 

17 dB SNR 

18.5 dB SNR 

8.0 dBSNR 

8.5 dB SNR 

8.0 dB SNR 

8.0 dB SNR 
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SSI 73K224L BER vs CARRIER OFFSET 
PREUMINARY 

10'· 

I HIGH BAND RECEIVE t I -30dBm 
OAM OPERA nON 

2400BITIS 

10" 

w w 
~ ~ a: II: 
a: II: 
0 10" 0 a: II: a: II: 
w w 
!:: !:: 
III III 

-l C217dB SIN 
I 3002 17 dB $/)1 J 

10" 
\ 

10" 
-12 -8 -4 0 4 8 12 

SIGNAl TO NOISE (dB) 

SSI73K224L BER vs SIN 
PREUMINARY 

10" 

~\ _I LOW BAND RECEIVE I-

\ I -30dBm CPSKOPERATION 
1200 BlTIS 1-

10" \\ 
\1\ rc~ 

w 1\ V "Lr 
~ ~ a: 1\ \ a: 

2i 10" 2i a: a: a: ffi w 

'1\ I: I: m m 

\ 
1\1 

C2, 3002 or FlAT 

10'· 
/' 

\ 
\ 

10" 1\ 
4 6 8 10 12 14 16 

SIGNAL TO NOISE (dB) 
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10.2 

10" 

10" 

10'· 

10" 

10'· 

10" 

10" 

10" 

10" 
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SSI 73K224L BER vs SIN 
PREUMINARY 

~ .1 HIGH BAND RECEIVE l-

~ 
I ·30 dBm 

OPSK OPERATION 
1200 BITIS I-

~ 

1\\ C~ 
~ 

'L~ 

~ 

1 C2,3002 or FlAT 

4 6 8 10 12 14 16 

SIGNAl TO NOISE (dB) 

SSI 73K224L BER vs QAM 

!\ 1 HIGH BANO lliB) AND t 1\\ I LOW BAN (LB) 
RECEIVE AT 

"'"8m 
\\ 
'\ 
\' 
\\ 

\ HO. C1, FLAT J-, ,/ 
H LB.C2,RAT 

I I r-
l\ \ I I ........ 

HB, C2, 3002 I 
r-r-- l.LB~ !'~\\ 

rk,L ~ I'{' 
TT 

10 12 14 16 18 20 22 

SIGNAL TO NOISE (dB) 



USER INTERFACE 

TXClK 

EXClK 
RXClJ( 

"R'rn 
m:l1 

llTR"-
~ 

TXD 
RXD 

lrnF[ 

~ 

til-
=-

CDLED 

MLED 
MRLED 

TRLED 

o 
Ul 
o 

~ 

2240 SCHEMATIC HYBRID SCHEMATIC 

"TXClJ( 
:- EXClJ( 

~ RXClJ( 

RXA "RXA 
VC2 

VC1 

TXA TXA 
"R'rn 

~m:l1 

llTR" 
"O'rn 

TXD 

RXD 

:~lrnF[ 
AUXRLY 

RINGD 

"FIi:illR'---
_til 

As-

.. CDLED 

~MLED 

~MRLED 
~TRLED 

FIGURE 2: 8817302240 Box Modem Block Diagram 

LINE INTERFACE 
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C5 

390 pF 

R6 

37.4K 1% 

C6 
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R7 

U5A 

2 
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7 

R5 
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FIGURE 3: SSI 7302240 Hybrid 
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PIN DIAGRAMS - Top View 
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DESCRIPTION 

The SSI 7302404 consists of three CMOS integrated 
circuits which together provide the data pump func
tions required to construct a high performance 2400 
bills full-duplex intelligent modem for use overthe dial
up telephone network. The 7302404 includes operat
ing modes compatible with CCITTV.22bis, V.22, V.21, 
as well as Bell 212A and 1 03 data-communications 
standards. Using advanced CMOS processes that 
include analog, digital signal processing and switched 
capacitor filter techniques, the SSI 7302404 offers 
excellent performance and a high level of functional 
integration in a compact three-chip set available in OIP 
or surface mount packages. 

The 7302404 is ideal for use in both free-standing or 
integral system modem products where full-duplex 
2400 biVs data-communications over the 2-wire public 
service telephone network is desired. 

5517302404 
V.22bis 2400 Bitls 

Modem Device Set 

June, 1990 
FEATURES 

• 

• 

• 

• 
• 

• 

• 

• 
• 

Multi-mode V .22bls/V .22N .21 & Bell 212A11 03 com
patible device set for Intelligent modem designs 

Full duplex operation at 0-300, 1200 and 2400 bitls 
with with both synch & asynch operating modes 

Includes high-level" A r' command Interpreter com
patlble with 2400 bltls Industry standard products 

Complete complement of "AT" modem features 

Selectable automatic speed detect, handshake and 
autobaud functions 

suppons external non-volatile memory to store 
user configurations 

Adaptive equalization for optimum performance 
overall lines 

Dynamic range from 0 to -45dBm 

Call progress, carrier and answer tone detectors 
provide Intelligent dialing functions 

(Continued) 

BLOCK DIAGRAM 

RXA 
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FEATURES (Continued) 

• DTMF and CCITT guard tone generators 

• Test modes available - ALB, DL, RDL for com-

reverses this procedure and recovers a data clock from 
the incoming signal. Adaptive equalization corrects for 
different line conditions by automatically changing filter 
parameters to compensate for line characteristics. 

plete test capability PSK MODULATOR/DEMODULATOR 

• All CMOS technology for low power 
consumption 

OPERATION 

The SSI 7302404 is a complete V.22bis intelligent 
modem contained in three CMOS IC's. The device set 
forms the basis for a high performance stand-alone 
modem product with self-contained command inter
preter, indicator LEO's, default switches and interface 
lines for an RS-232 serial port. Both data and com
mands are passed over the serial port as in conven
tional intelligent modem designs. 

The SSI 7302404 provides the QAM, PSK and FSK 
modulator/demodulator functions, call progress' and 
handshake tone monitors, test modes and a tone 
generator capable of producing OTMF, answer and 
CCITT guard tones. This device supports the V.22bis, 
V.22, V.21 and Bell 212A1103 operating modes, both 
synchronous and asynchronous. The 7302404 is 
designed to provide functions needed for an intelligent 
modem and includes auto-diaVauto-answer, hand
shake with auto-fallback, and selectable pulse or 
OTMF dialing sequences to simplify these designs. 

The SSI 7302404 consists of three devices. The SSI 
73M214 is an analog processor that performs the 
filtering, timing adjustment, level detection and modu
lation functions. The 730215 is the receiver digital 
signal processor. The 730216 is a command proces
sor that provides supervisory control and command 
interpretation. 

QAM MODULATOR/DEMODULATOR 

The SSI 7302404 scrambles and encodes the 2400 
bitls incoming data into quad bits represented by 16 
possible signal points as specified by CCITT recom
mendation V.22bis. The modulator transmits this en
coded data using either a 1200 Hz (originate mode) or 
2400 Hz (answer mode) carrier. The demodulator 

2-48 

In PSK mode the 7302404 modulates the 1200 bitls 
incoming data using a subset of the QAM signal points 
as specified by CCITT recommendation V.22bis, V.22 
and Bell 212A. The PSK demodulator is similar to the 
QAM demodulator. 

FSK MODULATOR/DEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to repre
sent the binary data. The Bell 103 standard frequen
cies of 1270 and 1070 Hz (originate mark and space) 
and 2225 and 2025 Hz (answer mark and space) orthe 
V.21 standard frequencies of 980 and 1180 Hz (origi
nale mark and space) and 1650 and 1850 Hz (answer 
mark and space) are used when this mode is selected. 
Oemodulation involves detecting the received fre
quencies and decoding them into the appropriate bi
nary value. 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplit filter is included to shape the amplitude and 
phase response of the transmit signal to a square root 
75% raised cosine and provide rejection of out-of-band 
Signals in the receive channel. 

ASYNCHRONOUS MODES 

The asynchronous mode is used for communication 
between asynchronous terminals which may vary the 
data rate from +1.5% to -1.5%. When transmitting in 
this mode the serial data on the TXO input is passed 
through a'rate converter which inserts or deletes stop 
bits in the serial bit stream in order to output a signal 
whose data rate is accurate to 0.01%. The signal is 
routed to a data scrambler (following the CCITT 
V.22bis algorithm) and into the modulator. The 
7302404 recognizes a break signal and handles it in 
accordance with BELL 212A specifications. Received 
data is processed in a similar fashion except that the 
rate converter now acts to reinsert any deleted stop 
bits. An incoming break signal will be passed through 
without incorrectly inserting a stop bit. 
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SYNCHRONOUS MODES 

Synchronous operation is possible only with the QAM 
or PSK mode. Operation is similar to that of the 
asynchronous mode except that data must be synchro
nized to a provided clock and no variation in data 
transfer rate is allowable. Serial input data appearing 
at TXO must be valid on the falling edge of TXCLK. 
Receive data at the RXO output is clocked out on the 
rising edge of RXCLK. The async/synch converter is 
bypassed when synchronous mode is selected and 
data is transmitted out at the same rate as is input. 

AUTOMATIC HANDSHAKE 

The SSI 7302404 will automatically perform a com
plete handshake as defined by the V.22bis, V.22 and 
Bell 212A!103 standards to connect with a remote 
modem. The 7302404 automatically determines the 
speed and operating mode and adjusts its operation to 
correspond to that of an answering modem when 
originating a call. 

TEST MODES 

The SSI 7302404 allows use of Analog Loopback, 
Oigital Loopback and Remote Oigital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the appropriate control commands, or remotely 
using the ROL function. 

0690 - rev. 2-49 

SSI73D2404 
V.22bis 2400 Bitls 

Modem Device Set 

ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN 

The SSI 7302404 uses adaptive equalization which 
automatically compensates for varying line character
istics by adjusting taps on a mUlti-tap FIR filter. Opti
mum performance is obtained with this technique over 
a wide range of line conditions. When the line quality 
deteriorates to a specified level the 7302404 can 
automatically initiate a retrain of the equalizer to re
establish data communications without the need to go 
through a complete handshake sequence. 

"AT" COMMAND INTERPRETER 

The SSI7302404 includes an AT command interpreter 
which is compatible with the Hayes 2400 Smart
modemTM command set. Functions and features in
cluded with intelligent modems are provided by the 
7302404 command interpreter. 

NON-VOLATILE MEMORY 

The SSI 7302404 supports connection to an external 
non-volatile memory (ie. Xicor X2444) to store a dial 
string and the current AT command configuration. 
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SPEED/PROTOCOL COMPATIBILITY GUIDE 

Calling a: 300 

Bell 300 (103) 300 

1200 (212) 300 

24001 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

Called from a: 300 

Bell 300 (103) 300 

1200 (212) 300 

2400 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

7302404 originating as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

7302404 answering as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

1 A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks. 
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2400 

300 

1200 

2400 

-
1200 

2400 

2400 

300 

1200 

2400 

-
1200 

2400 
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HARDWARE INTERFACE 

POWER SUPPLIES AND CLOCKS 

LABEL 1/0 PIN CONNECTION 

73M214 730215 73D216 

VDD I 40 

VCC I 28 28 

VSS I 14 

AGND I 26 

GND I 15 14 20 

X1 I 19 

XIN I 18 

RST I 9 

DAAINTERFACE 

RXA I 27 

TXA 0 20 

MON 0 25 

SPLO 0 B.4" 

SPL1 0 B.5" 

RING I 5 

HOOK 0 6 

AUXR 0 B.7" 

RS-232N.24 INTERFACE 

RI 0 3 

RATE 0 B.3" 

TXD I 10 

RXD 0 11 

DCD 0 2 

DSR 0 4 

EXCLK I 22 

RXCLK 0 24 8 

TXCLK 0 23 15 

CTS 0 B.6" 

RTS I B.6" 

DTR I B.7" 

" Available with expanded 1/0 
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DESCRIPTION 

Positive supply (analog +5V) 

Positive supply (digital +5V) 

Negative supply (analog -5V) 

Analog ground 

Digital ground 

Clock ill!lut 14.7456 MHz 

Clock input 7.3728 MHz 

Reset (10 IJ.F & 8.2k) 

Receive analog from DM 

Transmit analog to DM 

Audio monitor 

Audio volume control 

Audio volume control 

From ring indicator 

Off hook relay control 

Auxiliary relay control 

Ring indicator output 

Indicates high speed 

Digital data from terminal 

Digital receive data 

Data carrier detect 

Data set ready 

External Tx sync clock input 

Receive clock ouptut 

Transmit clock output 

Clear to send 

Request to send 

Indicates DTE available 
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HARDWARE INTERFACE (Continued) 

LED DISPLAY 

PIN CONNECTION 

LABEL 110 73M214 730215 730216 

WR 0 4 24 16 

TR LED Performed externally 

SO LED 10 

RD LED 11 

CD LED 2 

HS LED B.3' 

MR LED B.2' 

AA LED B.1' 

OH LED B.O' 

DEFAULT SWITCHES 

10EN 0 I I 26 

RD 0 3 I 25 I 17 

SW2-1 SW Performed externally 

SW2-2 SW I I B.S' 

SW2-3 SW Performed externally 

NVRAMINTERFACE 

NVRCE 0 14 

TXD 110 10 

RXD I 11 

, Available with expanded 110 
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DESCRIPTION 

Write strobe (active low) 

Data terminal ready 

Transmit data 

Receive data 

Data carrier detect 

High speed indicator 

Modem readyltest in progress 

Auto answer indicator 

Off hook'indicator 

LED/switch enable (active low) 

Read strobe (active low) 

Force DTR 

Disable "AT" recognition ("Dumb" mode) 

Force DCD 

NVRAM CE (active high) 

NVRAM 01100 

NVRAMSK 
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HARDWARE INTERFACE (Continued) 

PIN CONNECTION 

LABEL I/O • 73M214 730215 730216 

DEVICE SET INTERCONNECT (Refer to Figure 7 & 8.) 

vpp I 1 

INT I 17 

EA I 31 

EXADCC I 19 

DACK I 2 

ClK S 16 15 
RXINT S 5 13 
TXINT S 21 12 

RST S 16 1 

FSK S 4 7 
RD S 3 25 17 

WR S 4 24 16 
A15 S 2 28 

A8 S 27 21 

DO I/O 5 6 39 
01 I/O 6 7 38 
02 I/O 7 8 37 
03 I/O 8 9 36 
04 I/O 10 35 
05 I/O 11 34 

06 I/O 12 33 
07 I/O 13 32 

SIN S 10 22 

SOUT S 11 21 

SIRQ S 9 23 
SCK S 13 18 

SEN S 12 19,20 

• "S" refers to system interconnect 
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DESCRIPTION 

+5V 

+5V 

+5V 

OV 

+5V 

7.3728 MHz 

RX Interrupt 

TX Interrupt 

Data Bus 0 

Data Bus 1 

Data Bus 2 

Data Bus3 

Data Bus4 

Data Bus 5 

Data Bus 6 

Data Bus 7 
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"AT" COMMANDS SUPPORTED 
(Note: s=string; n=decimal, 0-255; x=boolean, 0/1=falseltrue) 

COMMAND OPTIONS 

AI Repeats last command line 

A Answer 

Bx BELUCCITI = 1/0 answer tone @1200 (N/A @2400) 

Ds Dial string specified by s 

Ex Command echo, 0/1 = offlon 

Hn Hook status, 011 = on/off 

In ID code, 0/1/213/4 (see Table 8) 

Kn SSitest 

Ln Speaker volume, (0)1/213 = lolmed/hi 

Mn Speaker, 011/213 = control (see Table 3) 

On Online, 0/11213 = on-line/retrain/no retrain (see Table 4) 

P Pulse dial 

Qx Quiet result, 0/1 = 1-quiet 

R Reverse originate 

Sn=n Set S register (see Table 2) 

Sn? Return value in register n (see Table 2) 

T Touch tone dial 

Ux User help screen, Sreg, dial string, data format 

Vx Verbose result, 0/1 = offlon 

Xn Result code, 011/213/4 (see Table 1) 

Yx Enable long space disconnect, 1 = enable 

Z Restore from Non-Volatile Memory 

&Cx Carrier detect override, 0/1 = on/normal 

&Dn DTR mode, 0/1/213 (see Table 5) 

&F Restore to factory configuration 

&Gn CCITI guard tone, 0/1/2 = off/1800/550 

&Jx Auxiliary relay control 

&Mn AsynclSync mode, 0111213 (see Table 6) 
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DEFAULT 

N/A 

N/A 

1 

No string 

1 

N/A 

N/A 

N/A 

2 

1 

N/A 

Pulse 

0 

N/A 

N/A 

N/A 

Pulse 

N/A 

1 

4 

0 

N/A 

0 

0 

N/A 

0 

0 

0 
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"AT" COMMANDS SUPPORTED (Continued) 

COMMAND OPTIONS 

&Rx Enable RTS/CTS 

&Sx DSR override, 0/1 =onlnormal 

&Tn Test mode (see Table 7) 

&Px Pulse dial mode, 0/1 =U.S.lU.K. 

&W Write current configuration to NVRAM 

&Xn Sync Tx clock mode, 0/1/2=inUextlslave 

&Zs Store a telephone number=string 

Factory configuration': 

5517302404 
V.22bis 2400 Bitls 

Modem Device Set 

DEFAULT 

0 

0 

N/A 

0 

N/A 

0 

N/A 

81 E1 F1 L2 M1 P 00 V1 X4 YO &CO &DO &GO &JO &MO &PO &RO &SO &T4 &XO 

Dial string arguments: 
, = delay @ = silent answer I = flash 
; = return to command s = dial stored number W = wait for tone R=reverse mode 

'If the NovRAM has not been initialized it may be necessary to type AT&F&W<cf> to properly initialize 
modem state. 

TABLE 1: ResuH Codes 

Xn VOCAL/NUMERIC RESULT CODE 

XO OKlO, CONNECT/1, RING/2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNCET (RATE)/1 = 300,5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSYI7 

X4 All functions of X3 + NO DIAL TONEt6 

TABLE 2: S RegIsters Supported 

NUMBER FUNCTION UNITS DEFAULT 

SO' Answer on ring No. of rings 000 

S1 Ring counter No. of rings up to 8 000 

S2 Escape code ASCIICHR 043 

S3 Carriage return ASCII CHR 013 

'Stored in NVRAM with &W command 
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TABLE 2: S Registers Supported (Continued) 

NUMBER FUNCTION 

S4 Line feed 

S5 Backspace 

S6 Wait for dial tone 

S7 Wait for carrier 

S8 Pause time 

S9 Carrier valid 

S10 Carrier drop out 

S11 DTMF tone duration 

S12 Escape guard time 

S13 Unused 

'S141 Bit mapped register 

S15 Unused 

S16 Test register 

S17 SSI Special test register 

S18 Test timer 

S19 Unused 

S20 Unused 

'S21 1 Bit mapped register 

'S221 Bit mapped register 

'S231 Bit mapped register 

S24 Unused 

S251 DTR delay 

S261 CTSdelay 

'S271 Bit mapped register 

UNITS DEFAULT 

ASCIICHR 010 

ASCIICHR 008 

Seconds 002 

Seconds 030 

Seconds 002 

100 milliseconds 006 

100 milliseconds 014 

1 millisecond 070 

20 milliseconds 050 

N/A 

Decimal 0-255 170 

N/A 

Decimal # 000 

Decimal 0-255 096 

Decimal 0-255 000 

N/A 

N/A 

Decimal 0-255 000 

Decimal 0-255 118 

Decimal 0-255 007 

N/A 

10 milliseconds 005 

10 milliseconds 001 

Decimal 0-255 064 

'The bit mapped register functions are equivalent to normal "AT" command modem registers. They are not 
needed for evaluation of the 7302404 capabilities. . 

Asynchronous character formats supported: 
[Number of data bits, parity (even/odd/none), number of stop bits] 

1200/2400 bitls: 7N2, 7E1, 701, 8N1 300 bitls: 7N2, 7E1, 701, 8N1, 8E1, 801 

1Stored in NVRAM with &W command 
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TABLE 3: Speaker Modes 

Mn SPEAKER MODE 

MO Speaker off 

M1 Speaker on during connect only 

M2 Speaker on always 

M3 Speaker on during call progress 

TABLE 4: 0 Modes 

On ONLINE/RETRAIN MODE 

00 Return online 

01 Return online with retrain 

02 Enable automatic retrain (default) 

03 Disable automatic retrain 

TABLE 5: DTR Modes 

&Dn DTRMODE 

&00 Ignore DTR 

&01 Go to command state if ON to OFF 
detected 

&02 Go to command state and disable auto-
answer if ON to OFF detected 

&03 Initialize modem with NVRAM if ON to 
OFF detected 
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TABLE 6: Synchronous Modes 

&Mn SYNCHRONOUS MODE 

&MO Asynchronous 

&M1 Sync mode entered upon completion of 
connect sequence 

&M2 Dial stored number on OFF to ON tran-
sition of DTR and go online 

&M3 Manual dial using DTR as talk data 
switch 

TABLE 7: Test Modes 

&Tn TEST MODE 

&TO End/Abort test 

&T1 Initiate local analog loopback (L3) 

&T3 Initiate local digitalloopback 

&T4 Permit remote digital loopback (L2) 

&T5 Prohibit remote digitalloopback 

&T6 Initiate remote digitalloopback (L2) 

&T7 Initiate RDL with self-test and error de-
tector 

&T8 Initiate ALB with self-test and error de-
tector 

TABLE 8: 10 Codes 

In CODE 

10 Product code (249) 

11 ROM checksum 

12 Checksum test 

13 Product revision 

14 Software copyright 
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DIP SWITCH FUNCTIONS SUPPORTED 
(DIP switches are only read on power-up if NovRAM is not present.) 

SWITCH FUNCTION SETTINGS (Suggested default uD~~[lim~~) 

SW2-1 DTR override gU = DTR signal controls modem 

on = DTR always on 

SW2-2 "Ar' command set recognition gU = Normal operation 

on = "Ar' command recognition disabled ("dumb" mode) 

SW2-3 Carrier detect override gU = RS-232 CD line toggles (&C1) 

on = CD line always on (&CO) 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Ta, Ambient Temperature 0 70 °C 

VCC & VDD, Supply Voltage 73M214,73D215, 4.25 5.25 V 
73D216 

VSS, Supply Voltage 73M214 -4.25 -5.25 V 

VDD, VSS Bypass Capacitors 10+0.1 IlF 

ClK load Capacitance 25 pF 

Digital load Capacitance 50 pF 

TxA, MON loading See Note 

Input Clock Frequency (X1) 14.7456 MHz 

Input Clock Variation (X1, XIN) XIN must be -0.01 0.01 % 
X1 div. by 2 

Note: 10 Kn in parallel with 50 pF 
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INPUT CLOCK TIMING (See Figure 1.) 

PARAMETER CONDITIONS MIN 

TClCX 20 

TClCX2 54 

TCHCX 20 

TCHCX2 54 

TR,TF 

TCHCH 0 

SSI73D2404 
V.22bis 2400 Bitls 

Modem Device Set 

NOM MAX UNITS 

ns 

82 ns 

ns 

82 ns 

15 ns 

20 ns 

INTERFACE TIMING (This information is provided to assist in the connection of external circuitry to the 
data bus. Refer to application circuit in Figure 9.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

LED Write Timing (See Figure 2.) 

TWlWH WR pulse width 307 ns 

TAVWl Address valid to 141 ns 
WRlow 

TOVWH Data valid to WR high 370 ns 

TOVWX Data valid to 27 ns 
WR transition 

TWHDX Data hold after WR 86 ns 

Switch Read Timing (See Figure 3.) 

TRlRH RD pulse width 307 ns 

TAVRl Address valid to 141 ns 
RDlow 

TRlDV RD low to data valid 174 ns 

TRHDX Data hold after RD 0 ns 
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X1 

XIN 

~TCHCX~ 

TR 

2.0V 
O.8V 

~TCHCH 
~TCHCX2~ I 

aw~ lE r-O.8V TR T ~ ~I 

TCLCX2 -----..I 

FIGURE 1: Input Clock Timing 

IOENB ______ ~~----+_----TW-L-W-H----~--~----

WRB ______ ~----~ 

0<0:7> ________ -< 
DATA OUT 

TQVWX ----~ TWHDX I.-

FIGURE 2: LED Write Timing 

IOENB ______ -P ____ ~~----------4_---L----

WRB ______ ~----, 

TAVRL 

D<0:7> ----------------1r-----< DATA IN 

TRHDX k-

FIGURE 3: Switch Read Timing 
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DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

100 Supply Current 

ISS 

VIL Input Low Voltage 

VIH Input High Voltage 

IIH Input High Current Except CS which has a 
pullup of 20 kn 

ilL Input Low Current Except TxCLKl, EXADC 
which have pullup of 20 kn 

Digital Input Capacitance 

VOH Output High Voltage lout = -.4 rnA 

VOL Output Low Voltage lout = 1.6 rnA 

RXA Input Resistance 

RXA Input Capacitance 

TRANSMITTER SPECIFICATIONS 

TRANSMITTER POWER 

MIN 

0 

2.0 

2.4 

100k 

SSI73D2404 
V.22bis 2400 Bitls 
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NOM MAX UNITS 

100 rnA 

25 rnA 

0.8 V 

VDD V 

-20 ~ 
10 ~ 

-20 ~ 

10 pF 

V 

0.4 V 

n 

25 pF 

Values given are measured at the line connection point and assume that the DAA shown in Figure 8 is 
used with a 600n load. 

TRANSMITTER POWER CONDITIONS MIN NOM MAX UNITS 

QAM/DPSK Transmitter Power With or without -9.8 -8.2 dBm 
CCITTtones 

CCITT Guard Tone 550 -14.8 -12.8 dBm 

1800 -16.0 -14.0 dBm 

FSK Transmitter Power 103/v.21 -10.0 -8.0 dBm 

Answer Tone Power -10.0 -8.0 dBm 

DTMF Transmitter Power High band tones -7.0 -5.0 dBm 

Low band tones -9.0 -7.0 dBm 

Twist -3.0 -1.0 dB 
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TRANSMITTER FREQUENCY 
(All tones are digitally derived from the clock input and have the input clock frequency tolerance.) 

TRANSMITTER FREQUENCY CONDITIONS MIN NOM MAX 

QAM/DPSK Carrier Frequencies Originate 1200.0 

Answer 2400.0 

FSK Tone Frequencies 

103 Originate Space 1070 1066.7 

Mark 1270 1269.4 

Answer Space 2025 2021.1 

Mark 2225 2226.1 

V.21 Originate Space 1180 1181.6 

Mark 980 978.3 

Answer Space 1850 1850.0 

Mark 1650 1651.6 

Special Tone Frequencies 

Answer Tone 2100 2104.1 

CCITT Guard Tones 550 556.5 

1800 1786.0 

DTMF Dialing Tone Frequencies 

Low Group Columns 697 698.2, 

770 771.9 

852 853.3 

941 942.3 

High Group Rows 1209 1209.5 

1336 1335.7 

1477 1476.9 

1663 1634.0 
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UNITS 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 

Hz 
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TRANSMITTER DISTORTION 

TRANSMITTER DISTORTION CONDITIONS 

QAM/DPSK Carrier Suppresion Measured at TxA 

CCITT Guard Tone Distortion 800-1600 Hz band 

0-10 kHz band 

Answer Tone Distortion 800-1600 Hz band 

0-10 kHz band 

FSK Output Bias Distortion Transmit dotting 300 biUs 

FSK Opposite Band Distortion 

DTMF Tone Distortion 700-2900 Hz band 

RECEIVER SPECIFICATIONS 

PARAMETER CONDITIONS 

CarrierVCO 

Capture Range Carrier offset 

Carrier Jitter 50-65 Hz 

Dala Clock Recovery Capture Range From system 
clock div. by 24576 
(600 Hz symbol clock) 

Data Delay Time RxAto RxD 

Retrain Request Threshold If enabled 

Carrier Detect 

Threshold 

Hysteresis 

Answer Tone Detect 2100/2225 Hz 

Threshold 

Hysteresis 

Call Progress Detect 350-650 Hz dual tone 

Threshold 

Hysteresis 
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MIN 

35 

-6 

MIN 

-10 

-.025 

30 

10-3 

-48 

2 

-48 

2 

-40 

2 
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NOM MAX UNITS 

dB 

-60 dB 

-45 dB 

-60 dB 

-40 dB 

6 % 

-60 dB 

-29 dB 

NOM MAX UNITS 

10 Hz 

30 Degrees 

+.025 % 

75 ms 

10-2 BER 

-43 dBm 

dB 

-43 dBm 

dB 

-30 dBm 

dB 
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PERFORMANCE DATA 
(This performance data was taken using an AEA tester and the 7302404 MEU board.) 

BER PERFORMANCE 
(-20dBm receive level 10-5 BER) 

PARAMETER MINIMUM SNR REQUIRED 

2400 bitls Originate 16.5dB SNR 

2400 bitls Answer 16.0dBSNR 

1200 bitls Originate 9.0 dB SNR 

1200 bitls Answer 8.0 dB SNR 

0-300 bitls Originate 9.0 dB SNR 

0-300 bitls Answer 7.5 dB SNR 

DYNAMIC RANGE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

2400 bitls Originate 10-5 BER@ 17dB SNR -45 0 dBm 

2400 bitls Answer 10-5 BER@ 17dB SNR -45 0 dBm 

1200 bitls Originate 10-5 BER@ 12dB SNR -45 0 dBm 

1200 bitls Answer 10-5 BER@ 12dB SNR -45 0 dBm 

0-300 bitls Originate 10-5 BER@ 12dB SNR -45 0 dBm 

0-300 bitls Answer 10-5 BER@ 12dB SNR -45 0 dBm 
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FIGURE 5: BER VS. SNR 
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FIGURE 6: QAM and PSK BER vs. SNR with -20dBm Receive Level 
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APPLICATION INFORMATION 

3 

FIGURE 7: SSI 7302404 System Interconnect 
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APPLICATION INFORMATION (Continued) 
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FIGURE 8: Sample Application Circuit 
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PACKAGE PIN DESIGNATIONS (TOP VIEW) 

VDD vpp vec 

RXA 
JlAljj(" Nl 

I'm AGND ~ 

MON FSK I'm 

DO RXCU<O RXINT WI'I 

01 TXClKO SORQ 

02 TXClKI 01 so 

D3 TXTm' 02 51 

TXA 03 llll£JiI 

SIN EXADCC D. lllrn 

SOUT XIN OS SCK 

"SEN XOUT 06 !NT 

SCK CLKOUT 07 RST 

VSS GNO GNO ClK 

SSI73M214 SSI73D215 
28-PIN DIP, CEROIP 28-PIN DIP 

Ii [i 11 ~ 
0 i I u ~ ~ B ~ ~ ~ 0 ~ ~ M .~ > 2 

• 3 2 1 28 27 28 • • • 3 2 , .... 43 42 41 .. 
0 lION 0 

RXCLKO 

TXCLKO 

SSI73M214 TXCU<l 

lXA 551730215 

12 13 14 15 ,. 17 18 

m '" <II C 

~ ~ 
z 

0 
~ 

z X <II " 
0 

g 19 ~ 21 ~ ~ M ~ H ~ 

~ i!! S " !i! " ~ if ~ ~ ~ z 2 
" " 

SSI73M214 SSI730215 
28-PIN PLCC 44-PIN PLCC 
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ORDERING INFORMATION 

PART DESCRIPTION 

SSI 73D2404 Dual-In-Line Package 

28-pin Plastic DIP 

28-pin Plastic DIP 

40-pin Plastic DIP 

SSI 73D2404 Surface Mount Package 

28-pin Plastic Leaded Chip Carrier 

44-pin Plastic Leaded Chip Carrier 

44-pin Plastic Leaded Chip Carrier 

Copyright Notice: 

ORDER NO. 

SSI 73D2404-CP 

SSI 73D2404-CH 

5517302404 
V.22bis 2400 Bitls 

Modem Device Set 

PKG.MARK 

73M214-IP 

73D21S-CP 

73D216-CP 

73M214-IH 

73D21S-CH 

73D216-CH 

The software contained within certain components of the SSI 73D2404 is copyright protected and may only be used in conjunction with the 
73D2404 product as supplied by Silicon Systems, Inc. No license to reproduce this software is granted or implied. This material may not be 
reproduced in any form without the express written permission of Silicon Systems, Inc. © Copyright 1987, 1988. All rights reserved. 

Protected by the following patents: (4,n7,453) (4,789,995) 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 
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DESCRIPTION 

The SSI 7302407 consists of four CMOS integrated 
circuits which together provide the data pump func
tions required to construct a high performance 
2400 bitls full-duplex intelligent modem for use over 
the dial-up telephone network. The SSI 7302407 in
cludes operating modes compatible with CCITT 
V.22 bis, V.22, V.21 , aswellasBell212Aand 1 03 data
communications standards. Using advanced CMOS 
processes that include analog, digital signal process
ing and switched capacitor filter techniques, the SSI 
7302407 offers excellent performance and a high level 
of functional integration in a compact four-chip set 
available in OIP or surface-mount packages. 

The SSI7302407 is ideal for use in both free-standing 
or integral system modem products where full-duplex 
2400 bitls data-communications overthe 2-wire public 
service telephone network is desired. 

SSI7302407 
MNP5 Controller and 

Modem Device Set m 'Wi nit' It,] i hEli t,] Ii 
July, 1990 

FEATURES 

• Multi-mode V .22blslV .22IV .21 & Bell 212A11 03 com
patible device set for Intelligent modem designs 

• Full duplex operation at 0-300,1200 and 2400 bitls 
with both sync & async operating modes 

• Includes Mlcrocom NetworkIng Protocol (MNP) 
levels 4 and 5 

• Includes high-level "AT" command Interpreter 
compatible with 2400 bitls Industry standard prod
ucts 

o Supports external non-volatile memory to store 
user configurations 

o Adaptive equalization for optimum performance 
overall lines 

• Dynamic range from 0 to -45 dBm 

• Call progress, carrier and answer tone detectors 
provide Intelligent dialing functions (Continued) 

BLOCK DIAGRAM 

)790 - rev. 2-73 

TXA 

MaN 
SPLO 
SPL1 

RXA 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI73D2407 
MNP5 Controller and 
Modem Device Set 

FEATURES (Continued) 

• DTMF and CCITT guard tone generators 

• Test modes available - ALB, DL, RDL for com

plete test capability 

• All CMOS for low power consumption 

OPERATION 

The SSI 73D2407 is a complete V.22bis intelligent 
modem consisting of four CMOS ICs. The device set 
forms the basis for a high performance stand-alone 
modem product with self-contained command inter
preter, indicator LEDs, default switches and interface 
lines for an RS-232 serial port. Both data and com
mands are passed over the serial port as in conven
tional intelligent modem designs. Error control of 
MNP4 and data compression are included. 

The SSI 73D2407 provides the QAM, PSK and FSK 
modulator/demodulator functions, call progress and 
handshake tone monitors, test modes and a tone 
generator capable of producing DTMF, answer and 
CCITT guard tones. This device supports the V.22 bis, 
V.22, V.21 and Bell 212N103 operating modes, both 
synchronous and asynchronous. The SSl73D2407 is 
designed to provide functions needed for an intelligent 
modem and includes auto-diaVauto-answer, hand
shake with auto-fallback, and selectable pulse or 
DTMF dialing sequences to simplify these designs. 

The SSI 73D2407 consists of four devices. The 
SSI 73M214 is an analog processor that performs the 
fiHering, timing adjustment, level detection and modu
lation functions. The SSI 73D215 is the receiver digital 
signal processor. The SSI 73D218 is a command 
processor that provides supervisory control and com
mand interpretation. A SSI 73D221 ROM for code 
storage completes the package. 

QAM MODULATOR/DEMODULATOR 

The SSI 73D2407 scrambles and encodes the 
2400 bills incoming data into quad bits represented by 
16 possible signal points as specified by cCln recom
mendation V.22 bis. The modulator transmits this en
coded data using either a 1200 Hz (originate mode) or 
2400 Hz (answer mode) carrier. The demodulator 
recovers a data clock from the incoming signal and 
reverses this procedure. Adaptive equalization cor-

2-74 

rects for different line conditions by automatically 
changing filter parameters to compensate for line char
acteristics. 

PSK MODULATOR/DEMODULATOR 

In PSK mode the SSI 73D2407 modulates the 
1200 bitls incoming data using a subset of the QAM 
signal points as specified by cCln recommendation 
V.22bis, V.22 and Bell 212A. The PSK demodulator is 
similar to the QAM demodulator. 

FSK MODULATOR/DEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to 
represent the binary data. The Bell 103 standard 
frequencies of 1270 and 1070 Hz (originate mark & 
space) and 2225 and 2025 Hz (answer mark & space) 
or the V.21 standard frequencies of 980 and 1180 Hz 
(originate mark and space) and 1650 and 1850 Hz 
(answer mark and space) are used when this mode is 
selected. Demodulation involves detecting the 
received frequencies and decoding them into the 
appropriate binary value. The data may be any value 
up to 300 bills. 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplitfiHer is included to shape the amplitude and 
phase response of the transmit signal to a square root 
of 75% raised cosine and provide rejection of out-of
band signals in the receive channel. 

ASYNCHRONOUS MODES 

The asynchronous mode is used for communication 
between asynchronous terminals which may vary the 
data rate from + 1.5% to -1.5% from the nominal 1200 
or 2400 value. When transmitting in this mode the 
serial data on the TXD input is passed through a rate 
converter which inserts ordeletes stop bits in the serial 
bit stream in order to output a signal whose data rate is 
accurate to 0.01%. The signal is routed to a data 
scrambler (following the CClnV.22 bis algorithm) and 
into the modulator. The SSI 73D2407 recognizes a 
break signal and handles it in accordance with BELL 
212A specifications. Received data is processed in a 
similar fashion except that the rate converter now acts 
to reinsert any deleted stop bits. An incoming break 
Signal will be passed through without incorrectly insert
ing a stop bit. 
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SYNCHRONOUS MODES 

Synchronous operation is possible with the PSK or 
QAM modes at 1200 or 2400 biVs. 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 TXO must be valid on the falling edge 
of TXCLK. Receive data at the RXO output is clocked 
out on the rising edge of RXCLK. The async/synch 
converter is bypassed when synchronous mode is 
selected. 

AUTOMATIC HANDSHAKE 

The SSI 7302407 will automatically perform a com
plete handshake as defined by the V.22 bis, V.22 and 
Bell 212A1103 standards to connect with a remote 
modem. The 551 7302407 automatically determines 
the speed and operating mode and adjusts its opera
tion to correspond to that of an answering modem 
when originating a call. 

TEST MODES 

The 551 7302407 allows use of Analog Loopback, 
Digital Loopback and Remote Digital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the analog loopback command, or remotely 
using the ROL command. The digitalloopback com
mand must be entered at the remote modem. 
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ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN 

The 551 7302407 uses adaptive equalization which 
automatically compensates for varying line character
istics by adjusting taps on a multi-tap FIR filter. Opti
mum performance is obtained with this technique over 
a wide range of line conditions. When the line quality 
deteriorates to a specified level the 551 7302407 can 
automatically initiate a retrain of the equalizer to re
establish data communications without the need to go 
through a complete handshake sequence. 

"AT" COMMAND INTERPRETER 

The 5517302407 includes an AT command interpreter 
which is compatible with the Hayes 2400 5mart
modem™ command set. Functions and features in
cluded with intelligent modems are provided by the 
551 7302407 command interpreter. 

NON-VOLATILE MEMORY 

The 551 7302407 supports connection to an external 
non-volatile memory (Le., 93C46) to store a dial string 
and the current AT command configuration. 

MICROCOM NETWORKING PROTOCOL 

Error control features of the Microcom Networking 
Protocol (MNP) Level 4 and data compression Level 5 
are available through AT commands. Throughput in
creases of up to 20% are available with MNP4 and 
200% with MNP5. In either case, data passed is error
free. 
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SPEED/PROTOCOL COMPATIBILITY GUIDE 

calling a: 300 

Bell 300 (103) 300 

1200 (212) 300 

24001 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

Called from a: 300 

Bell 300 (103) 300 

1200 (212) 300 

2400 (224) 300 

CCITT 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

7302407 Originating as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

7302407 Answering as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

lBell2400 is the same as V.22bis using a 2225 Hz answer tone without unscrambled marks. 
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HARDWARE INTERFACE 

POWER SUPPLIES AND CLOCKS 

LABEL 1/0 PIN CONNECTION 

73M214 73D215 73D218 73D221 
DIP 

VDD I 40 

VCC I 28 28 28 

VSS I 14 

AGND I 26 

GND I 15 14 20 14 

Xi I 19 

XIN I 18 

RST I 9 

DAAINTERFACE 

RXA I 27 

TXA 0 20 

MON 0 25 

SPLO 0 B.4" 

SPL1 0 B.5" 

RING I 5 

HOOK 0 6 

AUXR 0 B.7" 

RS-232N.24 INTERFACE 

RI 0 3 

RATE 0 B.3" 

TXD I 10 

RXD 0 11 

DCD 0 2 

DSR 0 4 

EXCLK I 22 

RXCLK 0 24 8 

TXCLK 0 23 15 

CTS 0 B.6" 

RTS I B.6" 

DTR I B.7" 

" Available with expanded I/O 
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DESCRIPTION 

Positive supply (analog +5V) 

Positive supply (digital +5V) 

Negative supply (analog -5V) 

Analog ground 

. Digital ground 

Clock input 14.7456 MHz 

Clock input 7.3728 MHz 

Reset (1 0 ~F & 8.2 kn) 

Receive analog from DAA 

Transmit analog to DAA 

Audio monitor 

Audio volume control 

Audio volume control 

From ring indicator 

Off hook relay control 

Auxiliary relay control 

Ring indicator output 

Indicates high speed 

Digital data from terminal 

Digital receive data 

Data carrier detect 

Data set ready 

External Tx sync clock input 

Receive clock oUQIut 

Transmit clock output 

Clear to send 

Request to send 

Indicates DTE available 
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HARDWARE INTERFACE (Continued) 

LED DISPLAY 

PIN CONNECTION 

LABEL 1/0 73M214 73D215 73D218 73D221 
DIP 

WR 0 4 24 16 

TR lED Performed externallv 
SO lED 1 

RD lED 11 

CD lED 2 

HS lED B.3" 

MR lED B.2" 

AA lED B.1" 

OH lED B.O" 

NVRAMINTERFACE 

NVRCE 0 14 

TXD 1/0 10 

RXD I 11 

" Available with expanded 110 

DEVICE SET INTERCONNECT 

PIN CONNECTION 

lABEL 1/0* 73M214 73D215 73D218 73D221 
DIP 

VPP I 1 1 

INT I 17 

EA I 31 

EXADCC I 19 

DACK I 2 

ClK S 16 15 

RXINT S 5 13 

TXINT S 21 12 

RST S 16 

FSK S 4 7 

RD S 3 25 17 22 

WR S 4 24 16 
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73D221 DESCRIPTION 
SMT 

Write strobe (active low) 

Data terminal ready 

Transmit data 

Receive data 

Data carrier detect 

Hioh speed indicator 

Modem readyltest in progress 

Auto answer indicator 

Off hook indicator 

NVRAM CE (active high) 

NVRAM 01100 

NVRAM SK 

73D221 DESCRIPTION 
SMT 

2 +5V 

+5V 

+5V 

OV 

+5V 

7.3728 MHz 

RX Interrupt 

TX Interrupt 

25 
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DEVICE SET INTERCONNECT (Continued) 

PIN CONNECTION 

LABEL 1/0· 73M214 730215 730218 730221 
DIP 

DO 1/0 5 6 39 11 

D1 1/0 6 7 38 12 

D2 1/0 7 8 37 13 

D3 1/0 8 9 36 15 

D4 I/O 10 35 16 

D5 1/0 11 34 17 
D6 1/0 12 33 18 

D7 1/0 13 32 19 

SIN S 10 22 

SOUT S 11 21 

SIRQ S 9 23 

SCK S 13 18 

SEN S 12 19,20 

AO S 10 

A1 S 9 

A2 S 8 

A3 S 7 

A4 S 6 

A5 S 5 

A6 S 4 

A7 S 3 

A8 (AHO) S 27 21 25 
A9 (AH1) S 24 

A10(AH2) S 21 

A11 (AH3) S 23 

A12 (AH4) S 2 

A13 (AH5) S 26 

A14 (AH6) S 7 27 

A15 (AH7) S 
CE I 20 

• "s" Refers to system interconnect. 
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DESCRIPTION 

Data Bus 0 

Data Bus 1 

Data Bus 2 

Data Bus 3 

Data Bus 4 

Data Bus 5 

Data Bus 6 

Data Bus 7 

Address Bus 0 

Address Bus 1 

Address Bus 2 

Address Bus 3 

Address Bus 4 

Address Bus 5 

Address Bus 6 

Address Bus 7 

Address Bus 8 

Address Bus 9 

Address Bus 10 

Address Bus 11 

Address Bus 12 

Address Bus 13 

Address Bus 14 

Address Bus 15 

GND 
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AT COMMAND SUMMARY* 

Command Description 

AT 
<CR> 
A 
AI 

BO 
B1 

o 

OS=n 
EO 
E1 

HO 
HI 
10 
11 
12 

LOorLI 
L2 
l3 
MO 
111 

M2 
M3 
00 
01 
QO 

01 
Sr 
Sr=n 
Sr? 
VO 
V1 
XO 
Xl 
X2 
X3 
X4 
YO 
VI 
ZO 
&CO 
&Cl 
&DO 
&01 

&02 

&03 
&F 
&GO 

command prefix - precedes command line 
carriage retum character - terminates command line 
go Into answer mode; attempt to go to on-line state 
re-execute previous command line; 
not preceded by AT nor followed by <CR> 
select CCITI V.22. standard for 1200 biVs communication 
select Bel/ 212A standard for 1200 blt/s communkllUon 
dial number that follows; attempt to go to on-line state, originate 
mode 
dial stored number in location "n" (0-3) 
Disable character echo in command state 
Enabl. charact.r echo In command stat. 
go on hook (hang up) 
go off hook; operate auxiliary relay 
request product indentification code 
perform checksum on firmware ROM; return checksum 
perform checksum on firmware ROM; 
returns OK or ERROR result codes 
low speaker volume 
medium speaker volume 

high speaker volume 
speaker off 
speaker on until carrier detected 
speaker always on 
speaker on until carrier detected, except during dialing 
go to on-line state 
go to on-line state and initiate equalizer retrain at 2400 bills 
modem ratums rasun codes 
modem does not retum result codes 
set pointer to register "r" 
set register"r" to value "n" 
display value stored in register "r" 
display result codes in numeric form 
display l'fISun codss In vsrlJose form fas words} 
enable features represented by result codes 0-4 
enable features represented by result codes 0-5, 10-12 
enable features represented by result codes 0-6, 10-12 
enable features represented by result codes 0-5, 7, 10-12 
enable featuras raprastHlted by rasun codes 0-7, 111-12 
disable long spacs disconnect 
enable long space disconnect 
reset modem 
assuma data ca""" always prlISIInt 
track presence of data carrier 
Ignora DTR slgnat 

assume command state when an on-to-off 
transition of OTR occurs 
hang up and assume command state when an on-tc>-off 
transition of OTR occurs 
reset when an on-tc>-off transition of OTR occurs 
recall factory settings as active configuration 
nogll1lrdtona 

Command Description 

~Gl 
&G2 
&JO 
&.11 
&110 
&Ml 
&M2 
&M3 
&TO 
&T1 
&T3 
&T4 
&T5 
&T6 
&T7 
&TS 
&V 
&WO 
&XO 
&Xl 
&X2 
&Zn=x 

550 Hz guard tone 
1800 Hz guard tone 
RJ-111RJ.41S1RJ..45S te/co Jack 
RJ-I21RJ-13 telco jack 
asynchronous mode 
synchronous mode 1 
synchronous mode 2 
synchronous mode 3 
terminate test In progress 
Initiate local analog loopback 
initiate local digitalloopback 
grant raquest from rsmots modsm for RDL 

deny request from remote modem for ROL 
initiate remote digital loopback 
initiate remote digital loop back with self test 
initiate local analog loopback with self test 
view active configuration, user profiles, and stored numbers 
save storable parameters of active configuration 
modem prollldes transmit clock signal 

data terminal provides transmit clock signal 
receive carrier provides transmit clock signal 
store phone number "x" in location "no (0-3) 

MNP COMMANDS 

Command Description 

%A 
%C 
'A 
IG 

\J 
II( 

IN 
10 
\Q 

IT 
\U 

IV 
IX 
IV 
IZ 

Note: 

Auto-Reliable fallback character 
compression control 
maximum block size 
modem port flow control 
rate adjust 
break control 
operating mode 
originate Reliable Link 
flow control 
Inactivity timer 
accept Reliable Link 
result code form 
XONIXOFF pass-through 
switch to Reliable mode 
switch to Normal mode 

Italicized parameters indicate default settings. H a 
parameter (0, 1, etc.) is not specified, the modem 
assumes the 0 parameter. 

• Hayes Standard AT Command Set as implemented in Hayes Smartmodem 2400 
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Dial string arguments: 
,'" delay 
; '" return to command 

@ '" silent answer 
s '" dial stored number 

! '" flash 

SSI73D2407 
MNP5 Controller and 

Modem Device Set 

W '" wait for tone R",reverse mode 

If the Nov RAM has not been initialized it may be necessary to Power down/Power up and type A T&F&W<Cf> 
to properly initialize modem state. 

TABLE 1: Result Codes 

Xn VERBOSEITERSE RESULT CODES 

XO OKlO, CONNECT!1, RING/2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNECT (RATE)/1 '" 300, 5 '" 1200, 10", 2400 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSVfl 

X4 All functions of X3 + NO DIAL TONEt6, NO ANSWERIS 

TABLE 2: S RegIsters Supponed 

Sn FUNCTION UNITS DEFAULT 

S01 Answer on rino No. of rinos on which to answer 0002 

S1 Ring counter No. of rings accumulated 000 

S2 Escape code ASCII CHR Decimal 0-127 043 

S3 Carriage return ASCII CHR Decimal 0-127 013 

S4 Line feed ASCII CHR Decimal 0-127 010 

S5 Backspace ASCIICHR OOS 

S6 Wait for dial tone Seconds 002 

S7 Wait for carrier Seconds 030 

SS Pause time Seconds 002 

S9 Carrier valid 100 milliseconds (0.1 sec) 006 

S10 Carrier drop out 100 milliseconds (0.1 sec) 014 

S11 DTMF tone duration 1 millisecond (0.001 sec) 070 

S12 Escape guard time 20 milliseconds (0.05 sec) 050 

S13 Unused N/A 

·S141 Bit mapped register Decimal 0-255 170 

Stored in NVRAM with &W command. 
Modem will not answer until value is changed to 1 or greater. 
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TABLE 2: S Registers Supponed (Continued) 

NUMBER FUNCTION 

S15 Unused 

S16 Test register 

S17 SSi Special test register 

S18 Test timer 

S19 Unused 

S20 Unused 

·S21 1 Bitmapped register 

·S221 Bitmapped register 

·S231 Bitmapped register 

S24 Unused 

S251 DTRdelay 

S261 CTSdelay 

·S271 Bitmapped register 

S37 Desired Modem Line Speed 

UNITS 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

10 milliseConds (0.01 sec) 

10 milliseconds (0.01 sec) 

Decimal 0-255 

Decimal 0-3 

• The bitmapped register functions are equivalent to normal "AT' command modem registers. 
They are not needed for evaluation of the 73D2407 capabilities. 

Asynchronous character formats supported: 
[Number of data bits, parity (even/odd/none), number of stop bits) 

DEFAULT 

N/A 

000 

096 

000 

N/A 

N/A 

000 

118 

007 

N/A 

005 

001 

064 

000 

1200/2400 bitls: 7N2,7E1, 701, 8N1 300 bitls: 7N2, 7E1, 701, 8N1, 8E1, 801 

1 Stored in NVRAM with &W command 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN 

TA, Ambient Temperature 0 

Vee & VDD , Supply Voltage 73M214,730215, 4.75 
730218,730221 

V 55' Supply Voltage 73M214 -4.25 

V DO' V 55 Bypass Capacitors 10+0.1 

ClK load Capacitance 

Digital load Capacitance 

TXA, MON loading 

Input Clock Frequency (X1) 

Input Clock Variation (X1, XIN) XIN must be -0.01 
X1 + 2 

Note: 10 kQ in parallel with 50 pF 
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NOM MAX UNITS 

70 °C 

5.25 V 

-5.25 V 

IlF 

25 pF 

50 pF 

See Note 

14.7456 MHz 

0.01 % 
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INPUT CLOCK TIMING (See Figure 1.) 

PARAMETER CONDITIONS 

TClCX 

TClCX2 

TCHCX 

TCHCX2 

TR,TF 

TCHCH 

INTERFACE TIMING 

PARAMETER CONDITIONS 

LED Write Timing (See Figure 2.) 

TWlWH WR pulse width 

TAVWl Address valid to 
WRlow 

TQVWH Data valid to WR high 

TQVWX Data valid to 
WR transition 

TWHDX Data hold after WR 

2-84 

MIN NOM MAX UNITS 

20 ns 

54 82 ns 

20 ns 

54 82 ns 

15 ns 

0 20 ns 

MIN NOM MAX UNITS 

307 ns 

141 ns 

370 ns 

27 ns 

86 ns 
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X1 

XIN 
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~TCHCH 
r;==TCHCX2~ I 

"''j( 1E: ~ O.BV TR T ~ -'1 
TCLCX2-.! 

FIGURE 1: Input Clock Timing 

IOENB ______ ~----~-----TW-L-W-H----+_--~---
WRB ______ ;-____ , 

D<0:7> ________ -< 
DATA OUT 

Tavwx ------... TWHDX I.-

FIGURE 2: LED Write Timing 
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DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

'00 Supply Current 

Iss 

VIL Input Low Voltage 

VIH Input High Voltage 

'IH Input High Current Except CS which has 
a pulldown of 20 k.Q 

'lL Input Low Current Except TXCLKI, EXADCC 
which have pullups of 20 k.Q 

Digital Input Capacitance 

VOH Output High Voltage lout = • .4 rnA 

VOL Output Low Voltage lout = 1.6 rnA 

RXA Input Resistance 

RXA Input Capacitance 

TRANSMITTER SPECIFICATIONS 

TRANSMITTER POWER 

MIN NOM MAX 

130 

25 

0 0.8 

2.0 VDD 

10 

·20 

10 

2.4 

0.4 

100 

25 

(Values given are measured at the line connection point and assume that the DAA shown in our 
application literature is used with a 600 n load.) 

TRANSMITTER POWER CONDITIONS MIN NOM MAX 

QAM/DPSK Transmitter Power With or without -9.8 -8.2 
CCITTtones 

CCITT Guard Tone 550 -14.8 -12.8 

1800 -16.0 -14.0 

FSK Transmitter Power 103/v.21 -10.0 -8.0 

Answer Tone Power -10.0 -8.0 

DTMF Transmitter Power High Band Tones -7.0 -5.0 

Low Band Tones -9.0 -7.0 

Twist -3.0 -1.0 

2-86 

UNITS 

rnA 

rnA 

V 

V 

ItA 

ItA 

pF 

V 

V 

k.Q 

pF 

UNITS 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dBm 

dB 
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TRANSMITIER FREQUENCY 

5517302407 
MNP5 Controller and 

Modem Device Set 

(All tones are digitally derived from the clock input and have the input clock frequency tolerance.) 

TRANSMITIER FREQUENCY CONDITIONS MIN NOM MAX UNITS 

QAM/DPSK Carrier Frequencies Originate 1200.0 Hz 

Answer 2400.0 Hz 

FSK Tone Frequencies 

103 Originate Space 1070 1066.7 Hz 

Mark 1270 1269.4 Hz 

Answer Space 2025 2021.1 Hz 

Mark 2225 2226.1 Hz 

V.21 Originate Space 1180 1181.6 Hz 

Mark 980 978.3 Hz 

Answer Space 1850 1850.0 Hz 

Mark 1650 1651.6 Hz 

Special Tone Frequencies 

Answer Tone 2100 2104.1 Hz 

CCITT Guard Tones 550 556.5 Hz 

1800 1786.0 Hz 

DTMF Dialing Tone Frequencies 

Low Group Columns 697 698.2 Hz 

770 771.9 Hz 

852 853.3 Hz 

941 942.3 Hz 

High Group Rows 1209 1209.5 Hz 

1336 1335.7 Hz 

1477 1476.9 Hz 

1663 1634.0 Hz 
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TRANSMITTER DISTORTION 

TRANSMITTER DISTORTION 

QAM/DPSK Carrier Suppresion 

CCITT Guard Tone Distortion 

Answer Tone Distortion 

FSK Output Bias Distortion 

FSK Opposite Band Distortion 

DTMF Tone Distortion 

RECEIVER SPECIFICATIONS 

PARAMETER 

CarrierVCO 

Capture Range 

Carrier Phase Jitter 

Data Clock Recovery Capture Range 

Data Delay Time 

Retrain Request Threshold 

Carrier Detect 

Threshold 

Hysteresis 

Answer Tone Detect 

Threshold 

Hysteresis 

Call Progress Detect 

Threshold 

Hysteresis 

CONDITIONS 

Measured at TXA 

800-1600 Hz band 

0-10 kHz band 

800-1600 Hz band 

0-10 kHz band 

Transmit dotting 300 bills 

700-2900 Hz band 

CONDITIONS 

Carrier offset 

50-65 Hz 

From system 
clock + 24576 
(600 Hz symbol clock) 

RXAto RXD 

If enabled 

2100/2225 Hz 

350-650 Hz dual tone 
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MIN NOM MAX UNITS 

35 dB 

-60 dB 

-45 dB 

-60 dB 

-40 dB 

-6 6 % 

-60 dB 

-29 dB 

MIN NOM MAX UNITS 

-10 10 Hz 

30 Degrees 

-.025 +.025 % 

30 75 ms 

10-3 10-2 BER 

-48 -43 dBm 

2 dB 

-48 -43 dBm 

2 dB 

-40 -30 dBm 

2 dB 
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PERFORMANCE DATA 
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(This performance data was taken using an AEA tester and the SSI 73D2404 MEU board.) 

BER PERFORMANCE 
(-20 dBm receive level, 10.5 BER) 

PARAMETER MINIMUM SNR REQUIRED 

2400 bills Originate 16.5 dB SNR 

2400 bills Answer 16.0 dB SNR 

1200 bills Originate 9.0 dB SNR 

1200 bills Answer 8.0 dB SNR 

0-300 bills Originate 9.0 dB SNR 

0-300 bills Answer 7.5 dB SNR 

DYNAMIC RANGE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

2400 bills Originate 10-5 BER@ 17dB SNR -45 0 dBm 

2400 bills Answer 10.5 BER @ 17dB SNR -45 0 dBm 

1200 bills Originate 10-5 BER@ 12dB SNR -45 0 dBm 

1200 bills Answer 10.5 BER@ 12dB SNR -45 0 dBm 

0-300 bills Originate 10.5 BER@ 12dB SNR -45 0 dBm 

0-300 bills Answer 10.5 BER@ 12dB SNR -45 0 dBm 
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QAM Dynamic Range (17dB SNR) 

10~r-----~----~------~----~1 ----~------~----~-----,,-----, 
I 
I 
I 
I 
I 
I 
I , , , , 

" I " , 10-3 
______ J _______ L ______ J _______ L ______ J ______ _ 

Q) 

lii a: 2 104 ------ ------- ------ -------, ______ J ______ _ 

~ I 
m I 

I , 
I 
I 
I 
I , , , 

10-5 _____ J _______ ------ ,-------1-------
I , 
, ~-__t-__ 

-------, ------
I , , , , , , , 

-------, ------, , , 
I 
I 
I , 
I , , , , , _ ______ L _____ _ 

10-6 L-_---i __ -i. __ ....L. __ -L __ ...L. __ ..i..---==:i-_.-j===.J 
o -5 -10 -15 -20 -25 -30 -35 -40 -45 

Receive Level (dBm) 

FIGURE 4: QAM Dynamic Range 
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~ 
''\ t\ 1-3002 ORIG --- 3002 AN5 1 

12 13 

\\ \ 
\\\ 

1\ 
\ \ 
\\ 
\ 

14 15 

5ignailo Noise (dB) 

(-2OdBm Ax Level) 

FIGURE 5: SER vs. SNR 
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FIGURE 6: QAM and PSK BER vs. SNR with ·20 dBm Receive Level 
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PACKAGE PIN DESIGNATIONS (TOP VIEW) 

ALE 
cg 

JID" 

m 
DO 

01 

02 

03 

SIRO 

SIN 

SOUT 

'SE1'J" 

SCK 

VSS 

00 5 

01 

02 7 

03 8 

SIRQ 9 

SIN 10 

SOUT 11 

0790- rev. 

9 20 

10 19 

11 18 

12 17 

13 16 

14 15 

SSI73M214 
28-PIN DIP 

4321282726 

o 

12 13 14 15 16 17 18 

SSI73M214 
28-PIN PLCC 

VOO 

RXA 

AGNO 

MaN 

RXClKO 

TXClKO 

TXClKI 

TXINT 

TXA 

EXAOCC 

XIN 

XOUT 

ClKOUT 

GNO 

25 MaN 

24 RXClKO 

23 TXClKO 

22 TXClKI 

21 TXlNT 

20 TXA 

19 EXAOCC 

2-93 

vpp 

l5ACR 

ORO 

FSK 

RXINT 

DO 

01 

02 

03 

04 

05 

06 

07 

GNO 
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SSI730215 
28-PIN DIP 

VCC 

AO 
cg 

l=iJ) 

m 
SORa 

SO 

SI 

SOEN 

SlEJij 

SCK 

INT 

RST 

ClK 

6 5 4 3 2 1 44 43 42 41 40 

NC 7 

RXINT 8 

DO 9 

NO 10 

01 11 

D2 12 

03 13 

D4 14 

NO 15 

05 16 

NC 17 

o 

18 19 20 21 22 23 24 25 26 27 28 

SSI730215 
44-PIN PLCC 

Of-'" 
Z Z 0 - en 

NC 

38 1m 

37 WF! 

36 SORQ 

35 so 
34 NO 

32 NO 

31 mlrn 

30 IDrn 

29 NO 
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PACKAGE PIN DESIGNATIONS (TOP VIEW) 

FSK 

RXCLK 

RST 
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DESCRIPTION 

The SSI 7302417 is a 4-chip CMOS device set that 
combines 2400 bitls smart modem functions, including 
MNP 5, with FAX transmit capability. The 7302417 
includes operating modes compatible with V.22bis, 
V.22, V.21 , and Bell 212A11 03 communications stan
dards. The 7302417 also complies with V.27 ter FAX 
standards for transmit only FAX operation at 4800 and 
2400 bit/so All user interface and modem protocol is 
included in the 7302417 to provide a turnkey modem! 
FAX design. In datacom mode, the 7302417 com
mand interpreter provides an AT command set com
patible with industry standard software. MNP 5 capa
bility can also be used during data communication to 
provide error free data transfer and compression, in
creasing the effective data throughput. In FAX mode, 
the 7302417 provides a send only FAX function, oper
ating at speeds of 4800 or 2400 bit/s, that can transmit 
to conventional FAX machines. The 7302417 includes 
a subset of the industry standard AT user interface 
commands as defined by EIAlTIA, and is compatible 

(continued) 
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July, 1990 

FEATURES 

• 2400 bltls data communication, MNP5, and 
FAX capability combined In one product 

• Multlmode V.22blsN.22N.21, and Be" 212A1 
103 datacom 

• Mlcrocom Networking Protocol (MNP) level 4 
and 5 error control and data compression 

• V.27ter FAX transmit capability at 48001 
2400 bltls rates for text, ASC", or graphic files 

• Standard 2400 bitls AT and TIAfElA Class 2 
(FAX An command sets and features for soft-

ware compatibility 

• Supports external NVRAM for nonvolatile stor-
age of user setup configurations 

• Compact DIP or PLCC packages for surface 
mount designs 

BLOCK DIAGRAM 
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DESCRIPTION (Continued) 
with existing terminal software. The SSI 7302417 is 
designed to provide an economical, high performance 
solution for applications needing both datacom and 
FAX capability. Its high level of performance and in
tegrated features make it ideal for use in personal 
computer, portable terminal, and laptop FAX applica
tions which communicate using the dialup telephone 
network. 

OPERATION 

The SSI7302417 is a complete datacom/FAX capable 
"smart" modem with MNP5 functions included in four 
CMOS les. The device set forms the basis for a high 
performance stand alone modem/FAX product with 
self contained AT command interpreter and features, 
RS232 or UART interface lines, and expansion for 
NVRAM for storage of default parameters. 

MNP5 error control. and data compression is included 
in datacom modes, and an EIAITIA industry standard 
AT user interface is provided in FAX mode for compati
bility with conventional software. 

The SSI 7302417 provides the QAM, PSK and FSK 
modulator/demodulator functions, call progress and 
handshake tone monitors, test modes and a tone 
generator capable of producing OTMF, answer and 
CCITT guard tones. This device supports the V.22bis, 
V.22, V.21 and Bell 212A1103 operating modes, both 
synchronous and asynchronous. The SSI7302417 is 
designed to provide functions needed for an intelligent 
modem and includes auto-diaVauto-answer, handshake 
with auto-fallback, and selectable pulse or OTMF dial
ing sequences to simplify these designs. 

The SSI 7302417 consists of four devices. The 
SSI 73M214 is an analog processor that performs the 
filtering, timing adjustment, level detection and modu
lation functions. The SSI 730215 is the receiver digital 
signal processor. The SSI 730219 is a command proc
essor that provides supervisory control and command 
interpretation. A SSI 730225 ROM provides storage 
for internal control software. 

2-98 

QAM MODULATOR/DEMODULATOR 

The SSI7302417 scrambles and encodes the 2400 bitls 
incoming data into quad bits represented by 16 possible 
signal points as specified by CCITT recommendation 
V.22bis. The modulator transmits this encoded data 
using either a 1200 Hz (originate mode) or 2400 Hz 
(answer mode) carrier. The demodulator recovers a 
data clock from the incoming signal and reverses this 
procedure. Adaptive equalization corrects for different 
line conditions by automatically changing filter para
meters to compensate for line characteristics. 

PSK MODULATOR/DEMODULATOR 

In PSK mode the SSI7302417 modulates the 1200 bitls 
incoming data using a subset of the QAM signal points 
as specified by CCITT recommendation V.22bis, V.22 
and Bell 212A. For FAX operation, the modulator 
conforms to V.27 ter signal point locations. The PSK 
demodulator is similar to the QAM demodulator. 

FSK MODULATOR/DEMODULATOR 

The FSK transmitter frequency modulates the analog 
output signal using two discrete frequencies to represent 
the binary data. The Bell 103 standard frequencies of 
1270 and 1070 Hz (originate mark & space) and 2225 
and 2025 Hz (answer mark & space) or the V.21 
standard frequencies of 980 and 1180 Hz (originate 
mark and space) and 1650 and 1850 Hz (answer mark 
and space) are used when this mode is selected. 
Demodulation involves detecting the receive freq
uencies and decoding them into the appropriate binary 
value. The speed rate may be any up to 300 bit/so 

PASSBAND FILTERS AND EQUALIZERS 

A bandsplit filter is included to shape the amplitude and 
phase response of the transmit signal to a square root 
of 75% raised cosine and provide rejection of out-of
band signals in the receive channel. 

ASYNCHRONOUS MODES 

The asynchronous mode is used for communication 
between asynchronous terminals which may vary the 
data rate from +1.5% to -2.3% from the nominal 1200 
or 2400 value. When transmitting in this mode the 
serial data on the TXO input is passed through a rate 
converter which inserts or deletes stop bits inthe serial 
bit stream in order to output a signal whose data rate is 
accurate to 0.01%. The signal is routed to a data 
scrambler (following the CCITT V.22bis algorithm) and 
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into the modulator. The 881 73D2417 recognizes a 
break signal and handles it in accordance with BELL 
212A specHications. Received data is processed in a 
similar fashion except that the rate converter now acts 
to reinsert any deleted stop bits. An incoming break 
signal will be passed through without incorrectly insert
ing a stop bit. 

SYNCHRONOUS MODES 

8ynchronous operation is possible with the P8K or 
OAM mode at 1200 or 2400 bit/so 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. 8erial input 
data appearing at TXD must be valid on the falling edge 
of TXCLK. Receive data at the RXO output is clocked 
out on the rising edge of RXCLK. The asynclsynch 
converter is bypassed when synchronous mode is 
selected. 

AUTOMATIC HANDSHAKE 

The 881 7302417 will automatically perform a com
plete handshake as defined by the V.22bis, V.22 and 
Bell 212A1103 standards to connect with a remote 
modem. The 8817302417 automatically determines 
the speed and operating mode and adjusts its opera
tion to correspond to that of an answering modem 
when originating a call. 

TEST MODES 

The 881 73D2417 allows use of Analog Loopback, 
Digital Loopback and Remote Oigital Loopback test 
modes. Full test mode capability allows testing of the 
modem and interface functions from the local terminal 
using the analog loopback command, or remotely 
using the ROL command. The digital loopback com
mand must be entered at the remote modem. 

ADAPTIVE EQUALIZATION WITH AUTO-RETRAIN 

The 881 7302417 uses adaptive equalization which 
automatically compensates for varying line character
istics by adjusting taps on a mUlti-tap FIR filter. Opti
mum performance is obtained with this technique over 
a wide range of line conditions. When the line quality 
deteriorates to a specified level the 8817302417 can 
automatically initiate a retrain of the equalizer to re
establish data communications without the need to go 
through a complete handshake sequence. 
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AT COMMAND INTERPRETER 

The 8817302417 includes an AT command interpreter 
which is compatible with the Hayes 2400 8mart
modem™ command set. Functions and features in
cluded with intelligent modems are provided by the 
881 7302417 command interpreter. 

NON-VOLATILE MEMORY 

The 8817302417 supports connection to an external 
non-volatile memory (Le., 93C46) to store a dial string 
and the current AT command configuration. 

MICROCOM NETWORKING PROTOCOL 

Error control features of the Microcom Networking 
Protocol (MNP) Level 4 and data compression LevelS 
are available through AT commands. Throughput in
creases of up to 20% are available with MNP4 and 
200% with MNPS. In either case, data passed is error
free. 

FAX TRANSMIT CAPABILITY 

The 730219 Controller, when operating in FAX mode, 
sends data to a digital-to-analog converter, the output 
of which is converted from a current to a voHage and 
fiHered to emulate the output of a V.27 FAX modulator. 
This, in conjunction with the 300 biUs capability of the 
basic modem, provides the hardware necessary to 
communicate with a FAX machine at 2400 or 4800 
bitls. Firmware necessary to dial a FAX call, determine 
the capabilities of the remote receiver and pass the 
FAX traffic is included. 
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SPEED/PROTOCOL COMPATIBILITY GUIDE 

Calling a: 300 

Bell 300 (103) 300 

1200 (212) 300 

24001 (224) 300 

GGID 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

Called from a: 300 

Bell 300 (103) 300 

1200 (212) 300 

2400 (224) 300 

GelD 300 (V.21) -
1200 (V.22) 300 

2400 (V.22bis) 300 

7302417 Originating as: 

Bell CCITT 

1200 300 1200 

300 - -

1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

7302417 Answering as: 

Bell CCITT 

1200 300 1200 

300 - -
1200 - 1200 

1200 - 1200 

- 300 -
1200 - 1200 

1200 - 1200 

1 Bell 2400 is the same as V.22bis using a 2225 Hz answer tone without unscrambled marks. 

2-100 

2400 

300 

1200 

2400 

-
1200 

2400 

2400 

300 

1200 

2400 

-
1200 

2400 
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HARDWARE INTERFACE 

DEVICE SET INTERCONNECT 

PIN CONNECTION 

LABEL 1/0* 73M214 730215 730218 730221 
DIP 

vpp I 1 1 

INT I 17 

EA I 31 

EXADCC I 19 

DACK I 2 

ClK S 16 15 

AXINT S 5 13 

TXINT S 21 12 

AST S 16 1 

FSK S 4 7 

AD S 3 25 17 22 

WA S 4 24 16 

DO 110 5 6 39 11 
D1 110 6 7 38 12 

D2 110 7 8 37 13 

D3 110 8 9 36 15 
D4 110 10 35 16 

D5 110 11 34 17 
D6 110 12 33 18 

D7 110 13 32 19 

SIN S 10 22 

SOUT S 11 21 

SIAQ S 9 23 

SCK S 13 18 

SEN S 12 19,20 

AO S 10 

A1 S 9 

A2 S 8 

A3 S 7 

A4 S 6 
A5 S 5 

A6 S 4 

A7 S 3 

AS (AHO) S 27 21 25 

• "S" refers to System Interconnect 
0790- rev. 2-101 

730221 
SMT 

2 

25 

13 
14 

15 

18 

19 

20 

21 

22 

11 

10 

9 

8 

7 

6 

5 

4 
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DESCRIPTION 

+5V 

+5V 

+5V 

GND 

+5V 

7.3728 MHz 

Ax Interrupt 

Tx Interrupt 

Data Bus 0 
Data Bus 1 

Data Bus 2 

Data Bus 3 

Data Bus 4 

Data Bus 5 

Data Bus 6 

Data Bus 7 

Address Bus 0 

Address Bus 1 

Address Bus 2 

Address Bus 3 

Address Bus 4 

Address Bus 5 

Address Bus 6 

Address Bus 7 

Address Bus 8 
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HARDWARE INTERFACE (Continued) 

DEVICE SET INTERCONNECT 

PIN CONNECTION 

LABEL I/O 73M214 73D215 73D218 73D221 
DIP 

A9 (AH1) S 24 

A10 (AH2) S 21 

A11 (AH3) S 23 

A12 (AH4) S 2 

A13 (AH5) S 26 

A14 (AH6) S 27 

A15 (AH7) S 
CE I 20 

ALE S 1 30 

DSP/CS S 26 

PSEN S 29 22 

CE 20 

NVRAMINTERFACE 

NVRCE I 14 

TXD I/O 10 

RXD I 11 

POWER SUPPLIES AND CLOCKS 

PIN CONNECTION 

LABEL I/O 73M214 73D215 73D218 73D225 
DIP 

VDD I 40 

VCC I 28 28 28 

VSS I 14 

AGND I 26 

GND I 15 14 20 14 

X1 I 19 

X2 0 18 

XIN I 18 

RST I 9 

Vpp 1 

2-102 

73D221 DESCRIPTION 
SMT 

28 Address Bus 9 

24 Address Bus 10 

27 Address Bus 11 

3 Address Bus 12 

30 Address Bus 13 

31 Address Bus 14 

Address Bus 15 

23 OV 

Proaram Store Enable 

GND 

NVRAM CE (active high) 

NVRAM DIlDO 

NVRAMSK 

73D225 DESCRIPTION 
SMT 

Positive supply (analog +5V) 

Positive supply (digital +5V) 

Negative supply (analog -5V) 

Analog ground 

16 Digital ground 

XTAL input 14.7456 MHz 

XTAL output 14.7456 MHz 

Clock input 7.3728 MHz 

Reset (10 J,JF & 8.2 kil) 

+5V 
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HARDWARE INTERFACE (Continued) 

DAA INTERFACE 

PIN CONNECTION 

LABEL 1/0 73M214 73D215 73D218 73D225 
DIP 

RXA I 27 

TXA 0 20 

MON 0 25 

HOOK 0 8 

RS-232N.24 INTERFACE 

RI 0 3 
TXD I 10 

RXD 0 11 

DCD 0 2 

DSR 0 
TXCLK1 I 22 

RXCLK 0 24 15 

TXCLK 0 23 15 

CTS 0 5 
RTS I 1 
DTR I 4 
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DESCRIPTION 

Receive analog from DM 

Transmit analog to DAA 

Audio monitor 

Off hook relay control 

Ring indicator output 

Dioital data from terminal 

Digital receive data 

Data carrier detect 

Data set ready 

External Tx sync clock input 

Receive clock oU(Jtut 

Transmit clock output 

Clear to send 

Request to send 

Indicates DTE available 
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AT COMMAND SUMMARY· 

Command Description 

AT 

<CR> 

A 
AI 

BO 

BI 

D 

DS=n 

EO 

EI 
HO 

HI 

10 

11 

12 

LOorLl 

L2 
L3 

MO 
111 
M2 
M3 

00 
01 
QO 

01 

command prefix - precedes command line 

carriage retum character - terminates command line 
go into answer mode; attempt to go to on-line state 
re-execute previous command line; 
not preceded by AT nor followed by <CR> 

select CCITT V.22 standard for 1200 BiVs communication 

select Be1l212A standard for 1200 Bills communication 
dial number that follows; attempt to go to on-line state, originate 
mode 

dial stored number in location "n" (0-3) 
Disable character echo in command state 

Enable characte, echo In command state 
go on hook (hang up) 

go off hook; operate auxiliary relay 

request product indentification code 

perform checksum on firmware ROM; return checksum 

perform checksum on firmware ROM; 
returns OK or ERROR result codes 

low speaker volume 

medium sf16aker volume 

high speaker volume 

speaker 011 
sp6aker on until carrier dBtected 
speaker always on 

speaker on until carrier detected, except during dialing 

go to on-line state 

go to on-line stale and initiate equalizer retrain at 2400 SiUs 
modem I'6tums result ~odBS 

modem does not return result codes 

Sr set pointer to register fOr" 

Sr=n set register"r" to value On" 

Sr? display value stored in register Or" 

VO display result codes in numeric form 

VI display resun codss In verba .. fonn (as words) 

XO enable features represented by result codes 0-4 

XI enable features represented by result codes 0-5,10-12 

X2 enable features represented by result codes 0-6, 10-12 

X3 enable features represented by result codes 0-5, 7,10-12 

X4 enable fsatures represented by resun codes 0-7, 10-12 
YO disable long space disconnect 
VI enable long space disconnect 

ZO 
&CO 
&Cl 

&00 
&D1 

&D2 

&D3 

&F 

&GO 

reset modem 
assume data carrisr always present 

track presence of data carrier 

Ignore DTR signal 

assume command state when an on-to-off 
transition of DTR occurs 

hang up and assume command state when an on-to-oll 
transition of DTR occurs 

reset when an on-to-oll transition of DTR occurs 

recall factory settings as active configuration 

no guard tone 

Command Description 

&Gl 

&G2 

&JO 
&Jl 

&110 

&Ml 

&M2 

&M3 

&TO 

&T1 

&T3 

&T4 
&T5 

&T6 

&T7 

&T8 

&V 

&WO 

&XO 
&Xl 

&X2 

&Zn=x 

550 Hz guard tone 

1800 Hz guard tone 

RJ-ttIRJ-41S1RJ-4SS telco Jack 
RJ-I21RJ-13 telco jack 

asynchronous mode 

synchronous mode 1 

synchronous mode 2 

synchronous mode 3 

terminate test in progress 
initiate local analog loopback 

initiate local digitalloopback 

grant request f,om ,emote modem for RDL 
deny request from remote modem for RDL 

initiate remote digitalloopback 

initiate remote digitalloopback with self test 

initiate local analog loopback with self test 

view active ronfiguration, user profiles, and stored numbers 
save storable parameters of active configuration 
modem provides t,ansmit clock signal 

data terminal provides transmit clock signal 

receive carrier provides transmit clock signal 

store phone number "x" in location "nO (0-3) 

MNP COMMANDS 

Command Description 

%A 
%C 
IA 

IG 

\J 
II< 
IN 
10 
10 

IT 

IU 

IV 
IX 
IV 
IZ 

Note: 

Auto-Reliable fallback character 

compression control 

maximum block size 

modem port flow control 

rate adjust 

break control 

operating mode 

originate Reliable Link 

flow control 

inactivity timer 

accept Reliable Link 

result code form 

XONIXOFF pass-through 

switch to Reliable mode 

switch to Normal mode 

Italicized parameters indicate defau~ settings. if a 
parameter (0,1, etc.) is not specified, the modem 
assumes the 0 parameter. 

• Hayes Standard AT Command Set as implemented in Hayes Smartmodem 2400 
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AT COMMAND SUMMARY 
TRANSMIT FAX COMMANDS 

Command Description 

.Fa Return to normal modem mode 

.Fl Enter FAX mode at DTE speed of 19200 bills 
.MO Speaker always off 
.Ml Speaker off after connect message 
.M2 Speaker always on 
#M3 Speaker off during dial 
.Pn number of pages to send (n=l to 255) 
.RO send with normal resolution 
.Rl send with fine resolution 

All extended commands have a # prefix after the AT. 
Extended commands have only one alpha character 
followed by a numeric value in the range of 0 to 255; 
the value 0 may be omitted. Once FAX mode is 
entered, commands are accepted at a fixed rate of 
19200 bitls and FAX mode will remain active until 
one of the following occurs: 

1. The host software issues a #F command to 
retum to modem command mode. 

2. A call disconnect frame is received. 
3. The host software issues an abort by dropping 

DTR. 

The &02 command must be issued for a DTR con
trolled abort. FAX mode assumes XON/XOFF or CTS 
flow control in data mode. 
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DIAL STRING ARGUMENTS 

Ar ument 

@ 

S 

W 

R 

Deserl tlon 

Delay 
Return to Command 
Mode After Dialing 
Wait For Silent Answer 
Dial Stored Number 
Hook Flash 
Wait for Dial Tone 
Reverse Mode 
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TABLE 1: Result Codes 

Xn VERBOSEITERSE RESULT CODES 

XO OKlO, CONNECTI1, RING/2, NO CARRIER/3, ERROR/4 

X1 All functions of XO + CONNECT (RATE)/1 = 300, 5 = 1200, 10 = 2400 

X2 All functions of X1 + NO DIAL TONEt6 

X3 All functions of X1 + BUSYI7 

X4 All functions of X3 + NO DIAL TONEt6, NO ANSWER/8 

TABLE 2: S Registers Supported 

Sn FUNCTION UNITS 

SOl Answer on ring No. of rings on which to answer 

S1 Ring counter No. of rings accumulated 

S2 Escape code ASCII CHR Decimal 0-127 

S3 Carriage return ASCII CHR Decimal 0-127 

S4 Line feed ASCII CHR Decimal 0-127 

S5 Backspace ASCII CHR Decimal 0-127 

S6 Wait for dial tone Seconds 

S7 Wait for carrier Seconds 

S8 Pause time Seconds 

S9 Carrier valid 100 milliseconds (0.1 sec) 

S10 Carrier drop out 100 milliseconds (0.1 sec) 

S11 DTMF tone duration 1 millisecond (0.001 sec) 

S12 Escape guard time 20 milliseconds (0.05 sec) 

S13 Unused 

·S141 Bit mapped register Decimal 0-255 

1 Stored in NVRAM with &W command. 
2 Modem will not answer until value is changed to 1 or greater. 

DEFAULT 

0002 

000 

043 

013 

010 

008 

002 

030 

002 

006 

014 

070 

050 

N/A 

170 

3 If the Nov RAM has not been initialized it may be necessary to type AT&F&W <Cf> to set initial modem state. 
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TABLE 2: S Registers Supported (Continued) 

NUMBER FUNCTION 

S15 Unused 

816 Test register 

S17 SSi Special test register 

818 Test timer 

S19 Unused 

S20 Unused 

·S21 1 Bit mapped register 

'S221 Bit mapped register 

'8231 Bit mapped register 

S24 Unused 

S251 DTR delay 

S261 CT8deiay 

'S271 Bit mapped register 

S37 Desired Modem Line Speed 

UNITS 

Decimal # 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

Decimal 0-255 

SSI73D2417 
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DEFAULT 

N/A 

000 

096 

000 

N/A 

N/A 

000 

118 

007 

N/A 

10 milliseconds (0.01 sec) 005 

10 milliseconds (0.01 sec) 001 

Decimal 0-255 064 

Decimal 0-3 000 

• The bit mapped register functions are equivalent to normal "AT" command modem registers. 
They are not needed for evaluation of the 7302417 capabilities. 

Asynchronous character formats supported: 
[Number of data bits, parity (even/odd/none), number of stop bits] 

1200/2400 BiVs: 7N2, 7E1, 701, 8N1 300 Bitts: 7N2, 7E1, 701, 8N1 , 8E1 , 801 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS 

TA, Ambient Temperature 

V co & V DO' Supply Voltage 73M214,73D215, 
730219,730225 

V SS' Supply Voltage 73M214 

V 00' V ss Bypass Capacitors 

ClK load Capacitance 

Digital load Capacitance 

TXA, MON loading 

Input Clock Frequency (X1) 

Input Clock Variation (X1, XIN) XIN must be 
X1 +2 

Note: 10 kn in parallel with 50 pF 

INPUT CLOCK TIMING (See Figure 1.) 

TClCX 

TClCX2 

TCHCX 

TCHCX2 

TR,TF 

TCHCH 

INTERFACE TIMING 

LED Write Timing (See Figure 2.) 

TWLWH WR pulse width 

TAVWl Address valid to 
WRlow 

TQVWH Data valid to WR high 

TQVWX Data valid to 
WR transition 

TWHDX Data hold after WR 

2-108 

MIN NOM MAX UNITS 

0 70 °C 

4.75 5.25 V 

-4.25 -5.25 V 

10+0.1 ~F 

25 pF 

50 pF 

See Note 

14.7456 MHz 

-0.01 0.01 % 

20 ns 

54 82 ns 

20 ns 

54 82 ns 

15 ns 

0 20 ns 

307 ns 

141 ns 

370 ns 

27 ns 

86 ns 
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TCHCH 

TCHCX2 

TR T --"I 
TCLCX2 ---.I 

FIGURE 1: Input Clock Timing 

IOENB ______ ~----~-----TW-L-W-H----+_--~---

WRB ______ ~----~ 

D<0:7> ________ -( 
DATA OUT 

TQVWX ------tI TWHDX I.-

FIGURE 2: LED Write Timing 
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DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

100 Supply Current 

'as 
VIL Input Low Voltage 

VOH Input High Voltage 

IIH Input High Current Except CS which has a 
pulldown of 20 kn 

IlL Input Low Current Except TXCLKI, EXADCC 
which have pullups of 20 kn 

Digital Input Capacitance 

VOH Output High Voltage lout = -.4 rnA 

Vex. Output Low Voltage lout = 1.6 rnA 

RXA Input Resistance 

RXA Input Capacitance 

TRANSMITTER SPECIFICATIONS 

TRANSMITTER POWER 

MIN NOM MAX UNITS 

130 rnA 

25 rnA 

0 0.8 V 

2.0 VDD V 

10 ~ 

-20 ~ 

10 pF 

2.4 V 

0.4 V 

100 kn 

25 pF 

Values given are mearsured at the line connection point and assume that the DAA shown in our applica
tion literature is used with a 600n load. 

TRANSMITTER POWER CONDITIONS MIN NOM MAX UNITS 

QAM/DPSK Transmitter Power With or without -9.8 -8.2 dBm 
CCITItones 

CCITI Guard Tone 550 -14.8 -12.8 dBm 

1800 -16.0 -14.0 dBm 

FSK Transmitter Power 103/v.21 -10.0 -8.0 dBm 

Answer Tone Power -10.0 -8.0 dBm 

DTMF Transmitter Power High band tones -7.0 -5.0 dBm 

Low band tones -9.0 -7.0 dBm 

Twist -3.0 -1.0 dB 
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TRANSMITTER FREQUENCY 

SSI73D2417 
MNP5 Datacom/FAX 

Modem Device Set 

(All tones are digitally derived from the clock input and have the input clock frequency tolerance.) 

TRANSMITTER FREQUENCY CONDITIONS MIN NOM MAX UNITS 

QAM/DPSK Carrier Frequencies Originate 1200.0 Hz 

Answer 2400.0 Hz 

FSK Tone Frequencies 

103 Originate Space 1070 1066.7 Hz 

Mark 1270 1269.4 Hz 

Answer Space 2025 2021.1 Hz 

Mark 2225 2226.1 Hz 

V.21 Originate Space 1180 1181.6 Hz 

Mark 980 978.3 Hz 

Answer Space 1850 1850.0 Hz 

Mark 1650 1651.6 Hz 

Special Tone Frequencies 

Answer Tone 2100 2104.1 Hz 

CCITT Guard Tones 550 556.5 Hz 

1800 1786.0 Hz 

DTMF Dialing Tone Frequencies 

Low Group Columns 697 698.2 Hz 

770 771.9 Hz 

852 853.3 Hz 

941 942.3 Hz 

High Group Rows 1209 1209.5 Hz 

1336 1335.7 Hz 

1477 1476.9 Hz 

1663 1634.0 Hz 
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TRANSMITTER DISTORTION 

TRANSMITTER DISTORTION 

QAM/DPSK Carrier Suppresion 

CCITT Guard Tone Distortion 

Answer Tone Distortion 

FSK Output Bias Distortion 

FSK Opposite Band Distortion 

DTMF Tone Distortion 

RECEIVER SPECIFICATIONS 

PARAMETER 

CarrierVCO 

Capture Range 

Carrier Phase Jitter 

Data Clock Recovery Capture Range 

Data Delay Time 

Retrain Request Threshold 

Carrier Detect 

Threshold 

Hysteresis 

Answer Tone Detect 

Threshold 

Hysteresis 

Call Progress Detect 

Threshold 

Hysteresis 

CONDITIONS 

Measured at TXA 

800-1600 Hz band 

0-10 kHz band 

800-1600 Hz band 

0-10 kHz band 

Transmit dotting 300 bills 

700-2900 Hz band 

CONDITIONS 

Carrier offset 

50-65 Hz 

From system 
clock + 24576 
(600 Hz symbol clock) 

RXAto RXD 

If enabled 

2100/2225Hz 

350-650 Hz dual tone 

2-112 

MIN NOM MAX UNITS 

35 dB 

--60 dB 

-45 dB 

--60 dB 

-40 dB 

--6 6 % 

--60 dB 

-29 dB 

MIN NOM MAX UNITS 

-10 10 Hz 

30 Degrees 

-.025 +.025 % 

30 75 ms 

10.3 10-2 BER 

-48 -43 dBm 

2 dB 

-48 -43 dBm 

2 dB 

-40 -30 dBm 

2 dB 
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(This performance data was taken using an AEA tester and a Silicon Systems evaluation modem.) 

BER PERFORMANCE 
(-20dBm receive level 10-5 BER) 

PARAMETER MINIMUM SNR REQUIRED 

2400 Bitls Originate 16.5 dBSNR 

2400 Bitls Answer 16.0 dB SNR 

1200 Bitls Originate 9.0dBSNR 

1200 Bitls Answer 8.0dBSNR 

0-300 Bitls Originate 9.0dBSNR 

0-300 Bitls Answer 7.5dBSNR 

DYNAMIC RANGE 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

2400 Bitls Originate 10-5 BER@ 17dB SNR -45 0 dBm 

2400 Bitls Answer 10-5 BER@ 17dB SNR -45 0 dBm 

1200 Bitls Originate 10·5 BER@ 12dB SNR -45 0 dBm 

1200 Bitls Answer 10-5 BER@ 12dB SNR -45 0 dBm 

0-300 Bitls Originate 10-5 BER@ 12dB SNR -45 0 dBm 

0-300 Bitls Answer 10-5 BER@ 12dB SNR -45 0 dBm 
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QAM Dynamic Range (17dB SNR) 
10-2 ...... ---r---"'T"'--.....,..----r---...... ---r---"'T"'--.....,..----, 

10-3 
______ _ ______ L______ _______ ______ _ _____ _ 

I I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I _______ L _____ _ 

______ ~ _______ L ______ ~ ______ _ 

I I I 
_____ ~-L------~-------L------

I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I _____ ~ _______ L ______ ~ _______ L ______ ~ ______ _ 

I I I I 
I I I I 
I I I 

I I 
I 
I 
I 
I 
I 

_ ______ L _____ _ 

10-6~----~----~----~----~----~----~--~============~ 
o -5 -10 -15 -20 -25 -30 --35 -40 -45 

Receive Level (dBm) 

FIGURE 4: QAM Dynamic Range 

2-114 0790- rev. 



10 -2 

"- "" ~ 
10 -3 

4 

5 

10-6 11 12 

0790 - rev. 

5517302417 
MNP5 Datacom/FAX 

Modem Device Set 

~ 1-3002 0AIG --- 3002 ANS 1 

13 
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14 15 

Signal \0 Noise (dB) 

(-20 dBm Ax Level) 

FIGURE 5: BER vs. SNR 
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APPLICATIONS INFORMATION 

The 551 7302417 includes features and commands 
that are needed to design a full featured "smart" mo
dem with industry standard AT commands and func
tions, including MNP5. 

Control software needed for modem management, AT 
user interface, and FAX transmit mode is included 
within the device set. A complete basic modem 
requires the addition of an R5232 or UART interface, 
an appropriate telephone line interface, and circuitry 
for clock generation and address decode logic. Optional 
features that are provided for in the 5S1 7302417 and 
that may be included in a full featured modem design 
include: Nonvolatile memory for storage of setup pa
rameters, a speaker and amplifier for audible monitor
ing of call activity, and LEOs for display of modem 
status. 

The FAX transmit mode additionally requires a low cost 
O/A converter and band shaping filter to provide a 
V.27ter conformant transmit waveform. For data com
munication modes, the SSI7302417 employs an AT 
command set user interface that is compatible with 
existing modem products and software. With this in
terface, the user can directly control a modem using 

PACKAGE PIN DESIGNATIONS (Top View) 

01 

SIN 

SOUT 

4321282726 

12 13 

m ~ (/) 

() MON 

14 15 16 17 

m c !5 I-Z o ~ > 8 :s ~ 
0 

SSI73M214 
28-Pin PLCC 

18 

Z 
X 

RXCLKO 

TXCLKO 

TXCLKI 

mFIT 

TXA 

EXADCC 

5517302417 
MNP5 Datacom/FAX 

Modem Device Set 

simple AT commands. As an option, communications 
software programs such as Smartcom™ may be used 
to provide a menu driven interface and additional 
features that make the modem easier to use. 

A FAX operating sequence is similar to, but more 
complex than that required for data communication, as 
the FAX operation adds an additional format conver
sion step which must be implemented by external 
communications software. A compatible communica
tions software package, in conjunction with the 
SSI 7302417 will provide full transmit FAX capability. 
Sources for datacom software that currently support 
this standard are listed below: 

1. Bit FAX available from Bit Software 
(408) 263-2197 

2. Quicklink II FAX available from 
Smith Micro Software 

(714) 964-0412 

ALE 

CS 

RD 

WR 

DO 

01 

02 

03 

SIRQ 

SIN 

SOUT 

SEN 

SCK 

vss 

SSI73M214 
28-Pin DIP 

VOO 

RXA 

AGNO 

MON 

RXCLKO 

TXCLKO 

TXCLKI 

TXINT 

TXA 

EXAOCC 

XIN 

XOUT 

CLKOUT 

OGND 
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PACKAGE PIN DESIGNATIONS (Top View) 

'" ~ ~ ~ 
... 

~ ~ 0 Q. ~ ~ ~ 0 c z > z 

6 5 4 3 2 1 44 43 42 "1 40 

NC 7 0 39 NC 

RXINT 8 38 m5 

DO 9 37 ~ 

NC 10 38 SORQ 

01 11 35 so 
02 34 NC 

D3 33 SI 

04 32 NC 

NC 15 31 ~ 

05 16 30 "SJrn 

NC 17 29 NC 

18 19 20 21 22 23 24 25 26 27 28 

~ ~ :5 c c 0 :s ... ~ ~ '" z 15 Z 0 ~ lil (!l 

SSI73M215 
44-Pin PLCC 

x 
D.. 

~ 
c 

0: C Iii 8 0 en 0 0 0 N '" C a: c 0: Z > c c c 

6 5 4 3 2 1 44 43 42 41 4D 

HOOK 0 04 

FSK 05 

RXCLK 06 

RST 07 

TXO EA 

NC NC 

RXO ALE 

iXm NC 

RXINT 31 A15 

NVRCE A14 

TXCLKO A13 

18 19 20 21 22 23 24 25 26 27 28 

~ ~ ~ x c 0 '" ~ 0 - N 
Z Z <C ::( ::( ::( 
Cl 

SSI73M219 
44-Pin PLCC 
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vpp VCC 

OACK AD 

ORa CS 

FSK RO 

RXINT WR 

00 SORa 

01 SO 

02 51 

03 SO EN 

04 SIEN 

05 SCK 

06 INT 

07 RST 

GNO 14 15 ClK 

SSI73M215 
28-Pin DIP 

RSTOPX 40 vee 
OCD 2 39 DO 

RI 3 38 01 

OSR 4 37 02 

~ 5 38 03 

m50R 6 35 04 

FSK 7 34 05 

RXCLK 8 33 06 

RST 9 32 07 

TXO 10 31 EA 

RXO 11 30 ALE 

Tm'I' 12 29 NC 

RXINT 13 28 A15 

NVRCE 14 27 A14 

TXClKO 15 26 A13 

~ 16 25 A12 

m5 17 24 A11 

X2 18 23 A10 

X1 19 22 AS 

GNO 20 21 AS 

SSI73M219 
40-Pin DIP 
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SSI73M225 vpp vcc 
28-Pin DIP A12 A14 

A7 A13 

AS AS 

A5 A9 

A4 All 

A3 "OE 

A2 Al0 

Al CE: 

AO 07 

DO 06 

01 05 

02 04 

GNO 03 

ORDERING INFORMATION 

PART DESCRIPTION 

8S1 73D2417 Dual-In-Line Package 
28-pin Plastic DIP 

28-pin Plastic DIP 

40-pin Plastic DIP 

28-pin Plastic DIP 

881 73D2417 Surface Mount Package 

28-pin Plastic Leaded Chip Carrier 
44-pin Plastic Leaded Chip Carrier 

44-pin Plastic Leaded Chip Carrier 

32-pin Plastic Leaded Chip Carrier 

5517302417 
MNP5 Datacom/FAX 

Modem Device Set 

SSI73M225 '" a. ~ 0 ... 
., ... :( a. o ~ :( < > > < 

32-Pin PLCC 
4 3 2 1 32 31 30 

0 AS 

A9 

All 

NIC 

llE 

Al Al0 

m: 
NIC 07 

DO 21 06 

14 15 16 17 18 19 20 

C ~ ~ ~ a ~ ~ 
Cl 

ORDER NO. PKG.MARK 

8S173D2417-CP 
73M214-IP 

73D215-CP 

73D219-CP 

73D225-CP 

SS173D2417-CH 
73M214-IH 

73D215-CH 

73D219-CH 

73D225-CP 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available. and Silicon Systems should be consulted for current information. 

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

Copyright Notice: The software contained within certain components of the SSI 73D2417 is copyright protected and may only be used in 
conjunction with the SSI 73D2417 product as supplied by Silicon Systems. No license to reproduce this software is granted or implied. This 
material may not be reproduced in any form without the express written pennission of Silicon Systems, Inc. 
© Copyright 1990. All rights reserved. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 
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Protected by the following patents: (4,777,453) (4,789,995) 
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DESCRIPTIO 
The SSI 7302420/2421 is an integrated circuit set 
which contains Silicon Systems' 730680 controller, 
730681 K-Series interface, and 730682 ROM. The IC 
set provides CCITT V.42 error-control and CCITT 
V.42bis data compression, Lap-B error-control, Asyn
chronous Framing Technique (AFT) error-control, 
adaptive data compression, automatic feature nego
tiation, flow control, automatic speed buffering and 
Hayes<l> AutoSync, when connected to an SSI 73K224 
2400 biUs multi-mode modem IC. Other K-Series mo
dem ICs can be used, but the SSI73K224 provides the 
highest level of connectivity. This IC set allows the user 
to build modems with advanced features not available 
from other semiconductor manufacturers. These ad
vanced features are the same technology used by 
Hayes in their V-series<l> system products. 

This Hayes technology is the same used by Hayes in 
their V-series products to implement the advanced 
features of these products. Silicon Systems is offering 
this integrated circuit set only to licensees of the Hayes 
Patent license Agreement. 

Hayes and V-series are registered trademarks, and Smartmodem 
2400 is a trademark, of Hayes Microcomputer Products, Inc. 

8817302420/2421 
CCITT V.42/V.42bis Protocol 

and Controller IC Set 'm '" nai mt,] i; !En til" 
June, 1990 

FEATURES 
• Supports CCITT V.22bls, V.22, V.21, and U.S. 

Modem Standards 212A and 103 

• Full compliance with CCITTV .42, both LAP-M and 
the alternate Mlcrocom Networking Protocol 
(MNP<I» 4 

• Supports CCITT V.42bls and MNP Level 5 

• Hayes standard AT Command Set as Implemented 
in Hayes V-series Smartmodem 2400™ V.42 

• Hayes V-series features: 

Lap-B error-control 

Automatic Feature Negotiation 

Adaptive Data Compression* 

AutoSync 

Flow Control 

Automatic Speed Buffering 

Asynchronous Framing Technique (AFT) 

• Power Down (Stand-By) Mode 

Indicates Hayes patented technology. In addition to 
these patents, other patents concerning Hayesdeveloped 
technology are pending. 

BLOCK DIAGRAM 

0690- rev. 

SSl730680 
ControlierlC 

5S1730682 
ROM 

S51730681 
K-Series 

Interface IC 

SSI7302420 
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FUNCTIONAL DESCRIPTION 

ERROR-CONTROL 

The SSI 7302420/2421 operates in full compliance 
with CCITT V.42, the international standard for point
to-point modem error-control, adopted in November 
1988. LAP-M (Link Access Procedure for Modems), 
the Primary Protocol, and Annex A, the Alternate 
Protocol, provide backward compatibility with MNp .... 
Classes 2 through 4 are included. LAP-B (Link Access 
Procedure Balanced), the CCITT standard used by 
packet switched networks is also included. Lap-B was 
adapted by Hayes for use in modem point-to-point 
error-control for connectivity to all Hayes V-series 
system products. 

DATA COMPRESSION* 

The SSI 7302420/2421 supports CCITT V.42bis, the 
international compression standard which provides 
compression capabilities up to 4:1, for use by modems 
incorporating the V.42 LAP-M error-control standard. 
The IC set provides a migration path to CCITT V.42bis 
data compression by supporting backward compatibil
ity with Hayes adaptive data compression and MNP 5, 
each of which provide up to 2:1 compression. 

AUTOMATIC FEATURE NEGOTIATION 

Eliminates the need for user configuration for connec
tion between dissimilar types of modems. Automatic 
Feature Negotiation occurs following the modulatiol:! 
handshake and provides the best possible connection. 
The range of features negotiated can be controlled by 
S-Register settings and include protocol type, com
preSSion, and parameters specific to the protocols. 

DATA FLOW CONTROL 

In error-control mode, the modem's buffers must hold 
incoming data until accurate transmission is verified. 
This process requires flow control to prevent possible 
data loss resuHing from buffer overflow . Three types of 
flow control are used: RTS/CTS (hardware-based), 
XON/XOFF, and Transparent Flow Control (both char
acter-based). 

AUTOMATIC SPEED BUFFERING (ASB) 

ASB permits computer equipment to transmit data to 
and from the modem at a constant rate regardless of 
the type or speed of the modem-to-modem connection. 

ASYNCHRONOUS FRAMING TECHNIQUE 

Hayes-developed framing technique which provides 
synchronous-like transmission across an asynchro" 
nous link .. Synchronous protocols assemble data in 
frames prior to transmission and disassemble the 
frames on arrival. 

HAYES AUTOSYNC* 

The Hayes AutoSync capability provides synchronous 
communications to the remote modem, while using an 
asynchronous interface to the local OTE. Hayes Auto
Sync supports Binary Synchronous (BSC) and High
Level Oata Link Control (HOLC) protocols by providing 
functions such as FCS generation and checking that 
are used by those protocols. The Hayes Synchronous 
Oriver (HSO) supports this technology on IBM'" PC and 
compatible computers, and is available to developers. 

IC SET DESCRIPTION 

SSI 730680 Controller IC 
The Hayes V-series protocol processor is a CMOS 
VLSI chip integrating Z80 CPU, a four-channel Counter 
Timer (CTC), dual port Parallel I/O (PIO), and dual 
channel Serial I/O (SIO), togetherwith about 1200 logic 
gates. All functions are included on a single piece of 
silicon packaged in a 1 ~O-pin gull wing flat pack. 

SSI 730681 K-Serles Interface IC 
This chip takes commands from the 730680 Controller 
and converts them to a form useful to the 73K224 
modem Chip. Responses from the modem are accu
mulated and interpreted by the interface and passed 
back to the controller. 

SSI73D682 ROM 
This is a high performance, 1 ,048,576-bit Electrically 
Programmable Read Only Memory Chip. It's organized 
as 128 K-words of 8 bits each, and provides code 
storage for the 730680. 

SSI73K224 K-SerJes Modem IC 
This chip is included in the SSI 7302421 IC set and 
distinguishes itfrom the SS17302420. Please refer to 
the SSI 73K224 stand-alone data sheet. 
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AT COMMAND SUMMARY* 

Command Description Command Description 

AT command prefix - precedes command line &eo assume data carrier always presenl 

<CR> carriage retum character - terminates command line &Cl track presence of data carrier 
A go into answer mode; auempt to go to on-line state &C2 data carrier support for UNIX 
N re-execute previous command line; &DO Ignore DTR signal 

not preceded by AT nor followed by <CR> &01 assume command state when an on-to-oll 
SO select CCITT V.22 standard for 1200 bifls communication transition of DTR occurs 
B1 SBlecl Be11212A slandard for 1200 bills communlcallon &02 hang up and assume command state when an on-to-oll 
B15 seleclCCIrT V.21 slandard for 1101300 bills communication transition of DTR occurs 

B16 selecl BBiI 103 standard for 1101300 bills communication &03 reset when an on-to-oll transition of DTR occurs 

0 go into originate mode; dial number that follows; &04 reset and enter low power mode when DTR is low 
anempt to go to on-line state &F recall factory settings as active configuration 

EO Disable character echo in command state &GO no guard 1000e 
E1 Enable characler echo In command slale &Gl 550 Hz guard tone 
HO go on hook (hang up) &G2 1800 Hz guard tone 
HI go off hook; operate auxiliary relay &JO RJ-11IRJ.41SJRJ.45S lelco jack 
10 request product indentification code &.11 RJ-I21RJ-13 telco jack 
11 perform checksum on firmware ROM; rerurn checksum &KO local flow-control disabled 
12 perform checksum on firmware ROM; &K3 RTSJC7S 

returns OK or ERROR result codes &K4 XONIXOFF 
LOorLl low speaker volume &K5 transparent XONIXOFF 
L2 medium speaker "a/ume &00 asynchronous mode 
L3 high speaker volume &01 synchronous mode 1 
MO speaker off &02 synchronous mode 2 
111 speaker on unllJ carrier dslected &03 synchronous mode 3 
M2 speaker always on &04 synchronous mode 4 
M3 speaker on until carrier detected, except during dialing &05 error..:onlrol mods 
NO require modem to handshake at DCE speed selected with S37 &06 automatic speed buffering (ASB) 
N1 permit modem to handshake at any DeE speed Nole: &Mn may be used in place of all &Qn options 

permilled by 537 except &04, &05, and &06 
00 go to on-line state 

&RO track C7S according 10 R7S 
01 go to on-line state and initiate equalizer retrain al2400 biVs &Rl ignore RTS; always assume presence of CTS 
QO modem relums result codes &50 assume pffISBnce of DSR signal 
01 modem does not return result codes &SI track presence of DSR signal 
02 modem rerums result codes in originate mode; &TO terminate test in progress does not return result codes in answer mode 
Sr set pointer to register'" &T1 initiate local analog loopback 

Sr=n set register .,. to value 'n" &T3 initiate local digital loopback 

Sr? display value stored in register .,. &T4 granl request from remole modem for RDL 

VO display resu~ codes in numeric form &T5 deny request from remote modem for RDL 

V1 display result codes In "etbose form (as words) 
&T6 initiate remote digitalloopback 

WO negollallOll progress result codes not returned &T7 Initiate remote digital loop back with self test 

WI negotiation. progress result codes returned &T8 initiate local analog loopback with self test 

XO enable features represented by result codes 0-4 &V view active configuration, user profiles, and stored numbers 

XI enable features represented by result codes 0-5, 10-12 &WO save storable parameters of active configuration as profile 0 

X2 enable features represented by result codes 0-6, 10-12 &Wl save storable parameters of active configuration as profile 1 

X3 enable features represented by result codes 0-5, 7, 10-12 &XO modem provides transmit clock signal 

X4 enabhl features represented by result codes 0-7, 10-12 &Xl data terminal provides transmit clock signal 

YO disabhllong apace disconnect &X2 receive carrier provides transmit clock signal 

VI enable long space disconnect &YO recall USBr prome 0 011 power-up 

ZO reset modem and recall user profile 0 &Vl recall user profile 1 on power-up 

ZI reset modem and recall user profile 1 &Zn=x store phone number 'x" in location "nO (0-3) 
(Continued) 

• Hayes Standard AT Command Sel as implemented in Hayes V-Series Smartmodem 2400 V.42 
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AT COMMAND SUMMARY (continued) 

The AT commands and the associated conditions described 
below may also affect the modem configuration and opera-
tion. These commands issued with parameters other than 
those specified will generate the ERROR result code. 

C1 ""able I,ansmlt ""I", swllchlng 
F1 diu"" on-lIne erale chanlclar echo 

S-REGISTER SUMMARY 

Register Range Description 

so ()'255 rings select ring to answer on 
51 ()'255 rings ring count (incremented with each ring) 
52 ()'127 A5CII define escape sequence character 
53 ()'127A5CII define carriage return character 
54 ()'127A5CII define line feed character 
55 ()'S2, 127 ASCII define back space character 
56 2·255 sec. select wait time before blind dialing 
57 1·255 sec. select walt time for carrierldial tone 
56 ()'255 sec. select duration of comma dial modifier 
59 1·255 1/10 sec. select carrier detect response time 
510 1-255 1/10 sec. select time between carrier IossIhang up 
511 50-255 msec. define duration/spacing of tones 
512 ()'255 1/50 sec. define escape frequency guard time 
518 0·255 sec. select test timer 
525 ()'255 11100 sec." select OTR change detect time 
526 ()'2551/100 sec. select RT5 to CT5 delay 
536 O,1,S,4,5,7 select negotiation iallure treatment 
537 ()'S,5,6 select desired DCE line speed 
538 ()'255 sec. select delay before forced hang up 
546 0·3,136,138 protocol selection 
548 0,7,128 feature negotiation action 
549 1·249 buffer lower limit ASS (&06) 
550 2·250 buffer lower limit ASS (&06) 
562 3,7,128 break handling 
566 ()'14 connection failure cause oode 
569 ()'255 o = no power down 
595 bit mapped compression result oode 

When the modem is configured for synchronous operation, and until on· 
line, units of S25 are measured in whole seconds rather than 1/100 sec. 

Modifier 
()'9"#ABCO 
P 
T 

I 
@ 
W 

R 
5=n 

DIAL MODIFIERS 

Description 
digits/characters for dialing 
pulse dial (factory setting) 
tone dial 
delay processing of next character 
hookflash 
wait for quiet answer 
wait for dial tone 
return to command state after dialing 
reverse mode (to call an originate-oniy modem) 
dial stored number in location "n" (n=O ... S) 

# 

0 

2 
S 
4 

5 
6 
7 
8 

10 
11 
12 
14 
40 
46 
47 
70 
71 

73 

77 
79 
80 

RESULT CODES SUMMARY 

Word 

OK 
CONNECT 

RING 
NO CARRIER 
ERROR 

CONNECT 1200 
NODIALTONE 
BU5Y 
NOAN5WER 

CONNECT 2400 
CONNECT 4800 
CONNECT 9600 
CONNECT 19200 
CARRfERSOO 
CARRfER 1200 
CARRfER 2400 
PROTOCOl..: NONE 
PROTOCOl: ERROR· 
CONTROlILAp·B 
PROTOCOl: ERROR· 
CONTROl/AFT 
PROTOCOl..: LAP·M 
PROTOCOl..: LAP·MtAFT 
PROTOCOl..: AL T 

Description 

command executed 
connection at ()'300 bills or higher If 
Xoselected 
ring signal detected 
carrier signal not detected, or lost 
Invalid command, checksum, error In 
command line, or command line 
exceeds 255 characters 
connection at 1200 bills 
no dial tone detected 
busy signal detected 
the @ dial modifier failed to detect 
quiet answer 
connection at 2400 bills 
connection at 4800 bills 
connection at 9600 bills 
connection a119200 bills 
carrier detected at 300 bills 
carrier detected at 1200 bills 
carrier detected at 2400 bills 
asynchronous mode 
error-control mode with LAP·B protocol 

error-control mode with AFT 

V.42LAP·M 
V.42 LAP·MwithAFT 
alternate protocol 

Notes: Hallclzed parameters indicate default settings. If a 
parameter (0, 1, etc,) is not specified, the modem 
assumes the 0 parameter, 

Hayes, the Hayes logo, and V-series Smartmodem 
2400 are registered trademarks of Hayes Micro
computer Products, Inc, 

IBM is a registered trademark of International Busi
ness Machine Corporation. 

Silicon Systems is a registered trademark of Silicon 
Systems, Inc. 

All other trademarks are the property of their re
spective companies. 

• Indicates Hayes patented technology (in addition to 
these patents, other patents concerning Hayes 
developed technology are pending). 
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The SSI 730680 Hayes V-series protocol processor is a CMOS VLSI chip integrating ZSO CPU, a four channel 
Counter Timer (CTC) , dual port Parallel 110 (PIO), and dual channel Serial 1/0 (SIO), together with about 1200 logic 
gates. All functions are included on a single piece of silicon packaged in a 1 DO-pin gull wing flat pack. 

PIN DESCRIPTION 

NAME 

OSCIN, 
OSCOUT 

MAO-MAS 

AS-A15 

XA13-
XA17 

00-07 

0690- rev. 

TYPE 

I 
o 

o 

o 

o 

1/0 

o 

o 

o 

DESCRIPTION 

Crystal 
The OSCIN and OSCOUT pins provide the interface for either an external crystal or a CMOS 
compatible clock. Frequency of the crystal or external clock source is 11.0592 MHz±0.01 %. 
If an external CMOS clock is applied, the OSCOUT pin should be left unterminated. The 
external clock may be connected directly to the OSCIN pin. 

Multiplexed Address Bus 
MAO-MAS are output pins which provide multiplexed address signals from the ZSO CPU and 
bank switch logic. Under most circumstances the lower S bits of the ZSO CPU's address, 
AO-A7, will be placed on pins MAO-MA7. MAS will typically source XA17fromthe bank select 
logic. When a memory access to a valid DRAM address is made, these lines will be switched 
to provide high order address lines AS-A12, and the bank switched lines XA13-XA16, 
respectively. Switching occurs shortly after the beginning of the second T-State of the 
memory cycle. These signals are intended to provide a multiplexed address bus for direct 
interface to external Dynamic RAM. These signals also are used as low order address 
signals for interfacing external memory and 1/0 devices. 

High Order Address Bus 
The AS-A 15 output pins source the most significant S bits of the processor address directly 
from the ZSO CPU. These signals are to be used for interfacing external memory and 
"extended" 1/0 devices. 

Bank Switched Address Bus 
XA 13-XA 17 are output pins which provide bank switched address signals directly from the 
bank switched multiplexer logic. These signals are to be used for interfacing external non
multiplexed memory devices. 

Data Bus 
Signals 00-07 provide a common S-bit bidirectional data bus used for all memory and 1/0 
data transactions. 

Read Strobe 
The RO signal indicates when the ZSO CPU is requesting read data from a memory or an 
1/0 device. This signal should be used by addressed memory or 1/0 devices to gate data onto 
the data bus. 

Write Strobe 
The WR signal indicates when the ZSO CPU has placed valid data on the S-bit data bus for 
storage by the addressed memory or I/O device. 

Memory Request 
The MREQ signal indicates when the ZSO CPU address bus holds a valid memory address 
for either a memory read or memory write transaction. 
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SSI 730680 PIN DESCRIPTION, Continued 

NAME TYPE DESCRIPTION 

lORa 0 InpuVOutput Request 
The lORa signal indicates when the Z80 CPU address bus holds a valid memory address 
for either an 1/0 read or 1/0 write cycle. This signal is also used in conjunction with an active 
low M 1 signal during a Mode 2 interrupt acknowledge cycle to indicate to the interrupting 
device that its interrupt vector should be placed on the data bus. 

M1 0 Machine Cycle One 
The M1 signal when active together with MREO indicates that the current machine cycle is 
an opcode fetch. The M1 signal when active together with lORa indicates an interrupt 
acknowledge cycle. 

NMI I Non-Maskable Interrupt 
The NMI Signal is a negative edge triggered interrupt input used to force the Z80 CPU to 
restart at location 0066H. NMI is recognized at the end of the current instruction and has a 
higher priority than INT. This signal is pulled high internally via an on-Chip 20K pullup cell. 

INT I Interrupt Request 
The INT signal is an open drain interrupt request line which is shared by both on-Chip I/O 
resources and external interrupt sources. This signal is wired-OR and is pulled high 
internally via an on-Chip 20K pullup cell. The Z80 CPU will respond to an active interrupt 
signal at the end of the current instruction if the internal software controlled interrupt enable 
flip-flop is enabled. 

RESET I Reset 
The RESET input signal is used to initialize the Z80 CPU, SIO, CTC and all programmable 
registers contained on board the Chip. The RESET input is Schmitt-triggered and is internally 
latched and extended for 256 system clock cycles after the externally applied signal goes 
inactive. 

ZRESET 0 Z80 System Reset 
The ZRESET signal is an output signal intended to be used as an active low reset signal for 
external peripherals to the Chip. ZRESET will be driven low whenever the RESET returns 
high. ZRESET may also be activated by a low to high transition of the signal on the PIOA_O 
pin if such detection has been enabled via programming of an internal reset enable control 
register bit. 

ClK 0 Clock 
The ClK Signal provides a divide by two output of the OSCIN clock input frequency. This 
signal provides a single phase timing reference which matches the internal Z80 system 
clock. This Signal is to be used by external peripherals requiring access to the Z80 system 
clock reference. 

CSROM 0 Chip Select ROM 
The CSROM signal indicates when the Z80 CPU is performing a memory transaction to a 
memory location over the 0 to 32K Z80 phYSical address range. This signal is intended to 
be used as the chip select strobe for an external ROM device. 

CSRAM 0 Chip Select RAM 
The CSRAM signal indicates when the Z80 CPU is performing a memory read cycle to a 
memory location over the 32K to 64K Z80 physical address range. This signal is intended 
to be used as the output enable strobe for external DRAM devices and is used to instruct 
such devices to gate data onto the Z80 data bus. Additionally, an internal register can be 
programmed to allow CSRAM to occur during a memory read cycle to any address over the 
entire .64K physical address range. 
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The CSI01 signal indicates when the Z80 CPU is performing a read or write transaction to 
an external device mapped over the Z80 1/0 address range of 2C-2F (hex). This signal is 
not qualified by 10RO and is intended to be used with 1/0 mapped devices which require chip 
select to become active before the write or read strobe. The IRD and IWR signals provide 
the suitable 10RO for such devices. 

Chip Select 102 
The CSI02 Signal indicates when the Z80 CPU is performing an 1/0 transaction to an 
external device mapped over the Z80 1/0 address range of 40-SF (hex). This signal is 
intended to be used as the chip select strobe for an external 1/0 device and is internally 

10RO. 

Chip Select EEPROM 
The CSEE signal indicates when the Z80 CPU is performing an 1/0 transaction to an external 
device mapped over the Z80 1/0 address range of 60-7F (hex). This signal is intended to be 
used as the select strobe for the external 1/0 device and is i 10RO. 

Chip Select 103 
The CSI03 signal indicates when the Z80 CPU is performing an 1/0 transaction cycle to an 
external device mapped over the Z80 1/0 address range of 80-9F (hex). This signal is 
intended to be used as the chip select strobe for an external 1/0 device and is internally 

10RO. 

Row Address Strobe 
The RAS Signal is intended to be used as the row address strobe when used in conjunction 
with external DRAM devices. The first falling edge of RAS during a memory cycle instructs 
the DRAM devices to latch the current value present on the MAO-MAS address lines. RAS 
timing is also designed to activate the internal refresh counter of the DRAM during all opcode 
fetch 

Column Address Strobe 
The CAS signal is intended to be used as the column address strobe when used in 
conjunction with external DRAM devices. The first falling edge of CAS during a memory 
cycle instructs the DRAM devices to latch the current value present on the MAO-MAS 
address lines. 

Write Enable EEPROM 
The WEEE signal indicates that the Z80 CPU data bus holds valid data to be stored into an 
1/0 device mapped overthe address range of 60-7F (hex). This signal is intended to be used 
as the write strobe for an external device enabled with the CSEE 

I/O Read Strobe 
The IRD signal indicates when the ZSO CPU is requesting read data from an 1/0 device. This 
Signal should be used by addressed 1/0 devices to gate data onto the data bus. The IRD 
Signal is qualified by both active 10RO and RD from the ZSO CPU. 

1/0 Write Strobe 
The IWR Signal indicates when the ZSO CPU has placed valid data on the S-bit data bus for 
storage by the addressed 1/0 device. This signal is qualified by both active 10RO and WR 
from the ZSO. 
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551 730680 PIN DESCRIPTION, Continued 

NAME TYPE DESCRIPTION 

TXD_DTE I Transmit Data DTE 
The TXD_DTE signal is the serial transmit data input for the built-in data terminal interface 
implemented on the A-channel of the internal SIO. Signal polarity is high for mark and low 
for space. 

RXD_DTE 0 Receive Data DTE 
The RXD _DTE signal is the serial receive data output for the built-in data terminal interface 
implemented on the A-channel of the internal SIO. Signal polarity is high for mark and low 
for space. 

TXD_MOD 0 Transmit Data MOD 
The TXD_MOD signal is the serialtransmit data outputforthe built-in modem DCE interface 
implemented on the 8-channel of the internal SIO. Signal polarity is high for mark and low 
for space. 

RXD_MOD I Receive Data MOD 
The RXD_MOD signal is the serial receive data input forthe built-in modem DCE interface 
implemented on the 8-channel of the internal SIO. Signal polarity is high for mark and low 
for space. 

TXC_IN I Transmit Clock Input 
The TXC_IN signal accepts signal element timing information for synchronous serial data 
transmitted on the TXD _MOD serial data output signal. The low to high transition indicates 
the center of each signal element on TXD_MOD. 

RXC_IN I Receive Clock Input 
The RXC_IN signal accepts signal element timing information for synchronous serial data 
received on the RXD_MOD serial data input signal. The low to high transition indicates the 
center of each signal element on RXD MOD. 

TXC_OUT 0 Transmit Clock Output 
The TXC_OUT signal provides Signal element timing information for synchronous serial 
data received on the TXD_DTE serial data input signal. The low to high transition indicates 
the center of each signal element on TXD_DTE. 

RXC_OUT 0 Receive Clock Output 
The RXC_OUT signal provides signal element timing information for synchronous serial 
data transmitted on the RXD_DTE serial data output signal. The low to high transition 
indicates the center of each signal element on RXD DTE. 

XTC_IN I Transmit Clock Input 
The XTC_IN signal accepts signal element timing information for synchronous serial data 
received on the TXD_DTE serial data input signal for modes where the data terminal must 
supply the transmit clock. The low to high transition indicates the center of each signal 
element on TXD DTE. 

PORT1_0 - 0 Output Port 
PORT1J PORT1_0 - PORT1J provide an eight-bit wide general purpose fixed output port. All eight 

outputs are derived from a common on chip I/O accessed register with readback capability. 
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PIOA_6 

PIOA_7 

PIOB_O-1 I 
PIOB_2-5 0 
PIOB_6-7 I 

INTOCD I/O 

I/O 
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DESCRIPTION 

PIOA Bit ° 

SSI 73D2420/2421 
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PIOA_O is the least significant I/O line provided from the A-channel of the internal PIO. This 
signal is user programmable as either an input or output and may be used for general 
purpose I/O applications. When configured as an input, this signal can also be programmed 
to generate a system reset upon receipt of a low to high transition. 

PIOABit 1 
PIOA_1 is an I/O line provided from the A-channel of the internal PIO. When configured as 
an input, this signal may also be programmed to generate interrupts via the DCDA external 
status interrupt line on the A-channel of the internal SIO. Interrupts generated in this manner 
are transition sensitive. 

PIOA Bit 2 
PIOA_2 is an I/O line provided from the A-channel of the internal PIO. 

PIOA Bit 3 
PIOA_3 is an I/O line provided from the A-channel of the internal PIO. 

PIOA Bit 4 
PIOA_ 4 is an I/O line provided from the A-channel of the internal PIO. 

PIOABit5 
PIOA_5 is an I/O line provided from the A-channel of the internal PIO. When configured as 
an input, this signal may also be programmed to generate interrupts via the CTS external 
status interrupt line on the B-channel of the internal SIO.lnterrupts generated in this manner 
are transition sensitive. 

PIOABit6 
PIOA_6 is an I/O line provided for the A-channel of the internal PIO. 

PIOABit7 
PIOAJ is the most significant I/O line provided from the A-channel of the internal PIO. 

PIOB_O-PIOB_7 provide an eight-bit wide general purpose I/O port. All eight lines are 
derived from the B-channel of the internal PIO and can individually be programmed as either 
an input or output. PIOB lines 6 and 7, when programmed as inputs, are internally pulled high 
via on-chip 20K pullup cells to facilitate their use as jumper strap inputs. 

Interrupt DCD 
INTDCD is a general purpose input signal which is gated to the DCD external status line on 
the B-channel of the SIO. This Signal can also be programmed to generate transition 
sensitive interrupts via the SIO or act as the master lEI daisy chain interrupt enable input. 

SYNCA SIO Channel A 
SYNCA can be defined as either an input or output based on the configuration of SIO 
channel A. This signal is directly connected to the SYNCA line of the SIO. This signal may 
either be pulled high or left open in the final application circuit. 

Internal Test Control 
ITC1-ITC3 are internal test control lines required to verify proper functionality of internal chip 
circuity. These signals should be tied low in the final application circuit. 
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SSI 730680 PIN DESCRIPTION, Continued 

NAME TYPE DESCRIPTION 

TEN I Internal Test Control 
TEN is the internal test enable control line required to verify proper functionality of internal 
chip circuitry. This signal should be tied low in the final application circuit. 

VDD I +5 Volt Power Input 
Four VDD power input leads are provided by this chip package. These signals should be 
connected to a +5 Volt power supply with a tolerance rating of ±5% or better. 

VSS I Power Return Input 
Four VSS power return leads are provided by this chip package. These signals should be 
connected to the ground return line of the +5 Volt power supply. These pins provide the 
ground reference for all signals on the chip. 

ABSOLUTE MAXIMUM RATINGS 

Power Supply (Veo) ..•..............•.•.......... -o.3V to 7.0V 
Input Voltage (Vi) ...........•..•......... -o.3V to Voo + 0.3V 
Input Current (Ii) ............................................. 20 rnA 
Soldering Temperature ..•.....•.••....... 260°C for 10 sec 
Storage Temperature (Tstg) ............. -40°C to 125°C 

GENERAL REQUIREMENTS 

Power Supply Range ...........................••.•...•.. 5V ±5% 
Operating Temperature Range ..•.................... 0-70°C 
Operating Humidity Range ... 10-90% noncondensing 

Notice: Stresses above those listed under "Absolute Maximum Ratings" may cause pennanent damage to the device. This is a stress rating 
only and functional operation at these or any other conditions above those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for extended periods of time may affect device reliability. 

DC CHARACTERISTICS, TTL level Input Buffer (Ta = O·C -70·C; Voo = 5.0V ± 5%) 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP(3) MAX UNIT 

VIL Input low Voltage except RESET -0.3 O.S V 

VIH Input High Voltage except RESET 2.2 Voo V 

VILT Min. Low Going Input 0.9 V 
Threshold Voltage for 
RESET 

VIHT Max. High Going Input 3.6 V 
Threshold Voltage for 
RESET 

VH Input Hysterysis Voltage 0.4 2.5 V 

VOl. Output low Voltage 101. = 2 rnA 0.4 V 

VOH• Output High Voltage IOH = -1.6 rnA 2.4 V 

VOH• Output High Voltage IOH = -250 IIA Voo-O.S V 

lu Input leakage Current Vss S VIN S Voo ±10 IIA 
ILOZ 3-State Output leakage Vss + 0.4 S VIN S Voo ±10 IIA 

Current in Float 

100 Power Supply Current Vee = 5V, fClK .. S MHz SO rnA 
VIH = Voo-0.2V, VIL .. 0.2V 
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AC CHARACTERISTICS (vee = 5.0V ±5%, Ta = 25°C, Load = 100 pF for all signals except 

Note: 
1. To meet this specification when fClK = 8 MHz, the EXTEND mode must be enabled to delay CAS and 

the MAO-8 address multiplexer by a quarter system clock cycle or@ must occur within 45 ns after the 
falling edge of the clock during the T1 state time. 

2. These timing specifications are valid for either setting of the EXTEND timing control signal. 
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AC CHARACTERISTICS, Continued 
(VCC = 5.0V ±5%. Ta = 25°C. Load = 100 pF for all signals except RAS = 30 pF) 

NO. SYMBOL PARAMETER 

33 TdCSROMf Clock to CSROM Falling Delay 

34 TdCSROMr Clock to CSROM Rising Delay 

35 TdCrXA Clock to XAddress Valid Delay 

36 TdXA XAddress Valid to MREQ Delay 

37 ThXA XAddress Hold after MREQ 

38 ThMAC Column Address Hold after MREQ 

39 TwMREQh4 MREQ Pulse Width (high) (Note 3) 

40 TwMREQI4 MREO Pulse Width (low) (Note 3) 

41 ThMAR4 Row Address Hold Time from RAS (Note 3) 

42 TwlRASI4 RAS First Pulse Width (low) (Note 3) 

43 TwRASh4 RAS Pulse Width (high) (Note 3) 

44 Tw2RASI4 RAS Second Pulse Width (low) (Note 3) 

45 TdCASfCr4 CAS Falling to Rising Clock of T3 (Note 3) 

46 TdMREOrAh MREQ Rising to Address Hold Time 

47 TdCfRDr Clock to AD Rising Delay 

48 TdDCf Data Setup Time to Clock during 
M2. M3. M4 or M5 cycles 

49 TdCfWRf Clock to WR Falling Delay 

50 TwWR WR Pulse Width (low) 

51 TdCfWRr Clock to Rising WR Delay 

52 TdCfD Clock to Write Data Valid 

53 TdDWRf Write Data Valid prior to WR 
54 TdDWRr Write Data Hold Delay after WR 

55 TdMREQrMA Column Address Hold after MREQ 

56 TdCfRASr Clock to RAS Rising Delay 

57 TdCASfCf CAS Falling to I Early CAS 

Falling T3 Clock I Extended CAS 

58 TdCSRAMr2 Clock to CSRAM Rising Delay 

59 TdCSROMr2 Clock to CSROM Rising Delay 

60 Tdl0RQrAh IORQ to Address Hold lime 

61 TsAIORQf Address Setup to IORO Falling 

62 TdCrMA Clock to MAddress Delay 

Note: 

MIN MAX UNIT 

70 ns 

70 ns 

95 ns 

5 ns 

10 ns 

0 ns 

110 ns 

160 ns 

20 ns 

200 ns 

110 ns 

160 ns 

110 ns 

20 ns 

60 ns 

30 ns 

60 ns 

100 ns 

60 ns 

115 ns 

5 ns 

15 ns 

0 ns 

70 ns 

110 ns 

100 ns 

70 ns 

70 ns 

20 ns 

75 ns 

100 ns 

3. These specifications only apply when fClK is ~ 4 MHz. Operation above 4 MHz requires the enabling of 
the Op-Code Fetch Wait State generator circuitry. 
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FIGURE 1: Z80 CPU Memory Read/Write Timing 
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The SSI 730681 Interface Chip takes commands from the SSI 730680 Controller and converts them to a form 
useful to the SSI 73K224 modem chip. Responses from the modem are accumulated and interpreted by the 
interface and passed back to the Controller. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

TEST2 0 For Silicon Systems use only. Do not connect. 

OTR I Powers up chip when power saving mode is enabled. This signal must be low for at least 
100 ms for power-up to occur. 

TEST3 0 For Silicon Systems use only. Do not connect. 

TEST4 0 For Silicon Systems use only. Do not connect. 

CCMO I Command input for isochronous data from the host processor. 

CINT 0 Interrupt pin to the host processor. This pin may be as either an interrupt out pin or as a 
detector pin. The function of this pin is controlled by the host processor. 

MACK 0 Clock for data transfers from SSI 730681 to the host processor. 

MRSP 0 Isochronous data from SS1730681 that is transferred to the host processor. 

RST I Reset in, active high. 

RXO I Serial Asynchronous Command Port: receive data pin for asynchronous commands. 
This pin is used for testing and evaluation only. 

TXO 0 Serial Asynchronous Command Port: transmit data pin for asynchronous commands. 
This pin is used for evaluation of the data pump. 

SPLO 0 Speaker - Volume Command port. LSB 

SPL1 0 Speaker - Volume Command port. MSB 

HOOK 0 Hook drive relay, active low. 

RESET 0 Reset active low to host processor. 

RESET 0 Reset active high to RAM. This pin is assigned to a circuit that protects the RAM during 
power-up. 
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PIN DESCRIPTION, Continued 

NAME TYPE DESCRIPTION 

RELAY 0 Aux drive relay active low. 

DAASEl I DAA type select 373/0ther. This pin is an input. It should be connected low while reset 
is asserted by SSI 73D681. This pin is only used as input while reset is asserted. This pin 
is used as an output during internal Silicon Systems testing. This pin displays detector bits. 

UARTEN 0 UART Enable. This pin is asserted low when the UART should be turned on for data after 
power saving mode is exited. 

PSEN 0 Do not connect. 

RD 0 Read active low to Silicon Systems uK" Family Data Pump. 

WR 0 Write active low to Silicon Systems UK" Family Data Pump. 

ALE 0 Address Strobe to UK" Family Data Pump. 

ADO 1/0 Data line DO to Data Pump. 

AD1 1/0 Data line D1 to Data Pump. 

AD2 1/0 Data line D2 to Data Pump. 

AD3 1/0 Data line D3 to Data Pump. 

AD4 1/0 Data line D4 to Data Pump. 

AD5 1/0 Data line D5 to Data Pump. 

AD6 1/0 Data line D6 to Data Pump. 

AD7 1/0 Data line D7 to Data Pump. 

ClKIN I 11.0592 MHz clock in. 

CLKOUT 0 11.0592 MHz clock out. 

STR I Host Processor command data block. 

CMD1 I First command bit from Host Processor. 

RXCLK I RXCLK from data pump. 

RI I Ring indicate from DAA. 

EA I Internal test pin. 

VCC I Digital five volts power input. 

VSS 0 Digital ground. 
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ABSOLUTE MAXIMUM RATINGS 

Ambient Temperature Under Bias ....... O·C to +70°C 
Storage Temperature ..................... -65°C to +150°C 
Voltage on any Pin to V ss ........... -D.5V to Vee +O.5V 
Voltage on Vee to Vss ........................ -D.5V to +6.5V 
Maximum IOL per 1/0 pin ................................. 15 rnA 
Power Dissipation ............................................. 1.0w* 

"This value is based on the maximum allowable die 
temperature and the thermal resistance to the package. 

SS17302420/2421 
CCITT V.42N.42bis Protocol 

and Controller IC Set 

JiUJ.N:iI 
Notice: Stresses listed above those listed under "Absolute 
Maximum Ratings· may cause permanent damage to the 
device. This is a stress rating only and functional operation 
at these or any other conditions above those indicated in the 
operational sections of this specification is nol implied. 
Exposureto absolute maximum rating conditions for extended 
periods of time may affect device reliability. 

Notice: Specifications contained within the following tables 
are subject to change. 

DC READ CHARACTERISTICS (Ta = o·c to 70·C; Vee = 5V ± 20%; Vss = OV) 

SYMBOL PARAMETER 

V,L Input low Voltage 
(Except EA) 

V" Input low Voltage (EA) 

V,H Input High Voltage 
(Except ClKIN, RST) 

V,H, Input High Voltage 
(ClKIN, RST) 

VOl. Output low Voltage 
(Ports 1, 2, 3) 

VOL' Output low Voltage 
(Port 0, ALE, PSEN) 

VOH Output High Voltage 
(Ports 1, 2, 3, ALE, PSEN) 

I'L logical 0 Input Current 
(Ports 1, 2, 3) 

In. Logical 1 to 0 Transition 
Current (Ports 1, 2, 3) 

lu Input leakage Current 
(Port 0, EA) 

CIO Pin Capacitance 

lee Power Supply Current 
Active Mode, 12 MHz (4) 
Idle Mode, 12 MHz (4) 
Power Down Mode 

Port 0 = pins 32-39 
Port 1 = pins 1-8 
Port 2 = pins 21-28 
Port 3 = pins 10-17 

0690- rev. 

TEST CONDITIONS 

101. =3.2mA 

IOH=-60JlA, Vee =5V±10% 

IOH =-25 JlA 

IOH = -10 JlA 

Y'N = O.45V 

Y'N = 2.0V 

0.45 < Y'N < Vee 

Test Freq. = 1 MHz, Ta = 25·C 

2-141 

MIN TYP(3) MAX UNIT 

-0.5 0.2 Vee-0.1 V 

-0.5 0.2 V",,-0.3 V 

0.2 Vee + 0.9 Vee + 0.5 V 

0.7 Vee Vee + 0.5 V 

0.45 V 

0.45 V 

2.4 V 

0.75 Vee V 

0.9 Vee V 

-50 JlA 

-650 JlA 

±10 I1A 

10 pF 

11 20 mA 
1.7 5 mA 
5 50 I1A 
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The SSI 730682 is a high performance, 1,048,576-bit 
Electrically Programmable Read Only Memory. 
It's organized as 128 K-words of 8 bits each, and 
provides code storage for the SSI 730680 Controller. 

Key Features Include: 
High Performance CMOS 
- 120 ns Access Time 
- 50 rnA Active Power 

Simplified Upgrade Path 
- V pp and PGM are "Don't Care" During 

Normal Read Operation 

EPI Processing 
- Latch-up Immunity to 200 rnA 
- ESD Protection Exceeds 2000 Volts 

JEDEC Standard Pin Configuration 
- 32-pin Dip 
- 32-pin Chip PLCC 

Compatible wHh JEDEC 27C010 EPROMs 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature ...................... -65°C to +125°C 
Voltages on any Pin with ....................... -D.6V to +7V 

Respect to Ground 
Vpp with Respect to Ground ................ -D.6V to +14V 
Vee Supply Voltage with ........................ -D.6V to +7V 

Respect to Ground 
ESD Protection .............................................. >2000V 

Notice: Stresses above those listed under"Absolute Maximum 
Ratings' may cause permanent damage to the device. This 
is a stress rating only and functional operation at these or any 
other conditions above those indicated in the operational 
sections of this specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods of 
time may affect device reliability. 
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PIN DESCRIPTION 

xx Don't Care (During Read) 

ELECTRICAL CHARACTERISTICS 

TIMING 

PARAMETER 551 73D682 

Address Access Time (max) 120 ns 

Chip Select Time (max) 120 ns 

Output Enable Time (max) 35 ns 

OPERATING RANGE 

RANGE TEMPERATURE Vee TOLERANCE 

Comm. O°C to +70°C +5V ±5%1±10% 
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DC READ CHARACTERISTICS (Over operating range with Vpp = Vee) 

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT 

V1L Input Low Level -0.5 0.8 V 

V1H Input High Level 2.0 Vee +0.5 V 

VOL Output Low Voltage IOL = 2.1 rnA 0.4 V 

VOH Output High Voltage IOH =-400~ 2.4 V 

IS8 Vee Standby Current CE =V1H 1 rnA 

Icc V cc Active Current CE = OE = V1L• F = 5 MHz 50 rnA 

Ipp Vpp Supply Current (1) Vpp = Vee 10 ~ 
Vpp V pp Read Voltage Vee- O•7 Vee V 

lu Input Load Current V1N = 5.5V or GND 1 ~ 

ILO Output Leakage Current V OIJT = 5.5V or GND -10 10 ~ 

AC READ CHARACTERISTICS (Over operating range with Vpp = Vee) 

SYMBOL PARAMETER MIN MAX UNIT 

tACc Address to Output Delay 120 ns 

tCE CE to Output Delay 120 ns 

. tOE OE to Output Delay 35 ns 

tOF Output Disable to Output Float (2) 35 ns 

tOH Output Hold from Addresses. CE or OE. 0 ns 
whichever occurred first (2) 

Notes: 
1. The supply current is the sum of Icc and Ipp. The maximum current value is with Outputs 0 0 - 07 unloaded. 
2. This parameter is only sampled and not 100% tested. Output Float is defined as the point where data is 

no longer driven - see timing diagram. 
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MODE SELECTION 
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The mode of operation of the SSI 73D682 are listed below. A single 5V power supply is required in the read 
mode. All inputs are TIL levels except for V pp and Ag for device signature. 

MODE 

Read 

Signature Manufacturer (3) VIL 
Device (3) VIL 

Notes: 

X 

X 

PINS 

x 
X 

5.0V 

5.0V 

OUTPUTS 

YY H (4) 

LZ. H (5) 

1. X can be VIL or VIH 3. A,-As' A,0-A'6 = VIL 5. LZ. represents the device code 
2. VH = Vpp = 12.75 ± 0.25V 4. YY represents the manufacturer code 

PROGRAMMING INFORMATION 
DC CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 6.0V ± 0.25V, Vpp = 12.75 ± 0.25V) 

PARAMETER SYMBOLS MIN MAX UNIT 

Input Leakage Current III -10 10 JlA 
(VIN = Vee or GND) 

Vpp Supply Current During Programming Pulse Ipp 60 mA 

(CE = PGM = VIL) 

Vee Supply Current Icc 50 mA 

Input Low Level VIL -0.1 0.8 V 

Input High Level VIH 2.0 Vee + 0.3 V 

Output Low Voltage During Verify VOL 0.4 V 

(loL = 2.1 mAl 

Output High Voltage During Verify VOH 3.5 V 

(loH = -400 JlA) 

Notes: 
1. Vee must be applied either coincidentally or before V pp and removed either coincidentally or after V pp. 
2. Vpp must not be greater than 14V including overshoot. During CE = PGM = VIL' Vpp must not be switched 

from 5V to 12.75V or vice-versa. 
3. During power up the PGM pin must be brought high (~VIH) either coincident with or before power is 

applied to V pp. 
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AC CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 6.0V ± 0.25V, Vpp = 12.75 ± 0.25V) 

PARAMETER SYMBOLS MIN TYP 

Address Setup Time tAS 2 

CE High to OE High tCOH 2 

Output Enable Setup Time toes 2 

Data Setup Time tos 2 

Address Hold Time tAli 0 

Data Hold Time tOH 2 

Chip Disable to Output Float Delay tDF 0 

Data Valid from Out Enable tOE 
Vpp Setup Time I CE Setup Time tv/icEs 2 

PGM Pulse Width tpw 0.1 

CAPACITANCE (2) Ta = 25°C,f = 1 MHz 

PARAMETER CONDITIONS SYMBOL TYP (1) MAX 

Input Capacitance VIN = OV CIN 4 6 

Output Capacitance VOIIf = OV COIIf 8 12 

. V pp Capacitance Vpp = OV CvPp 18 25 

ADDRESSES 

DATA 

v" 
v" 

Veo 

VH 

~ 

v. 

VH 

l'<m 
v. 

VH 

nE 
v. 

FIGURE 5: Programming Waveforms 
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MAX UNIT 

JJS 

JJS 

JJS 

JJS 

JJS 

JJS 
55 ns 

55 ns 

JJS 
4 ms 

UNITS 

pF 

pF 

pF 
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ADDRESSES 

VOH 

c:E" 

VL 

VOH 

l5I: 
VL 

DATA 

lAce 

HIGH Z 

551 73D2420/2421 
CCITT V.42/V.42bis Protocol 
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HIGH Z 

FIGURE 6: AC Waveforms 

Notes: 
1. Typical values are for Ta = 25°C and nominal supply voltages. 
2. This parameter is only sampled and is not 100% tested. 
3. OE may be delayed up to tCE-tCE after the falling edge of CE without impact on tCE 

AC Testing Inputs are driven at 2.4 Vfor Logic "1" and 
O.4V for a Logic "0." Timing measurements are made at 
2.0V for a Logic "1" and 0.8V for a Logic "0." 

FIGURE 7: AC Testing 1/0 Waveform 
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PIN DIAGRAMS- Top View 

XA17 

XA16 

XA15 

XA14 

XA13 

A12 

All 

Al0 

A9 

AS 

MAS 

MA7 

VSS 

MA6 

MAS 

MA4 

MAl 
MA2 

MAl 

MAO 

07 

D6 

05 

D4 

VOO 

SSI73D680 Controller Pin Diagram 

100-pln Flat Pack 
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VOO 

PIOB_2 

PIOB_l 

PIOB_O 

PIOA] 

PIOA_6 

PIOA_5 

PIOA_4 

PIOA_3 

PIOA_2 

PIOA_l 

PIOA_O 

vss 

XTCjN 

RXCjN 

TxCjN 

RXO_MOO 

TXO_MOO 

RXC_OUT 

TXC_OUT 

RXO_OTE 

TXO_OTE 

INTDCOB 

NMI 

INT 
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PIN DIAGRAMS - Top View 

6 5 4 3 2 1 44 43 42 41 40 

CINT 7 39 

MACK 38 

MRSP 37 

RST 10 36 

RXD 11 35 

NC 12 34 

TXD 13 33 

sm 14 32 

CMD1 15 31 

RXCLK 16 30 

RI 17 29 

18 19 20 21 22 23 24 25 26 27 2S 

~ ~ !; z 
~ o 9 ~ 8 i ... 

52 z "- w 
0 ., 
:5 5 ., ., :t w 
0 

a: 

SSI730681 

44·pln PLCC Surface Mount 

AD4 

AD5 

ADS 

AD7 

"EX 
NC 

ALE 

PSrn 

UARTEN 

DMSEL 

RELAY 
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N 

!« 

5 4 
A6 6 

AS 7 

A4 8 

A3 9 

A2 10 

Al 11 

AO 12 

00 13 

~!!!~ o~x 
«x~xx 

3 2 1 32 31 30 

SSI730682 

32·pin PLCC 

A14 
A13 

AS 
A9 

All 
OE 

Al0 
CE 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

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 verity that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 

Protected by the following patents: (4,777,453) (4,789,995) 
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DESCRIPTION 

The 551 7302291 is a CMOS device set that allows 
half-duplex transmit and receive G3 facsimile data 
communication over the dial-up telephone network. 
The 7302291 conforms to CCITT V.29 and V.27ter 
standards as defined for FAX operation, and it includes 
an EINTIA industry standard AT user interface for high 
level control of FAX functions. The AT command set 
provided by the 7302291's user interface simplifies 
control of the FAX modes, and insures compatibility 
with existing personal computer applications software 
designed for FAX communications. 

The 7302291 employs the same control architecture 
used in Silicon Systems 1-chip modem products, and 
is compatible with these devices. 2400 biVs datacom 
modes can be incorporated into the product by addition 
of the SSI73K224L 1-chip modem (7302292 product). 
Other Silicon Systems 1-chip modems may be used to 
provide aHernate datacom modes. The 551 7302291's 
built in AT command interpreter can control both the 
FAX and datacom modes, eliminating the need for 
separate controllers and additional components. 

The high level of performance, integrated features, and 
industry standard user interface provided by the 

(Continued) 

SSI 7302291/2292 
FAX Modem Device Set 

with TIAIEIA User Interface 

t!f! '%' hi) Mt.];; .tIi t.] ;. 
July, 1990 

FEATURES 

• Full G3 facsimile modes Including V.21 ch. 2, 
V.27ter, and V.29 

• 9600, 7200, 4800 biVs (V.29), 4800, 2400 bltls 
(V .27ter), and 300 bltls (V.21) operation with T.4 
and T.30 compatibility 

• Includes EIAITIA Industry standard (AT) user 
Interface and command Interpreter for FAX 
transmission and reception 

• Compatible with existing Silicon Systems 
products for, 1-chlp addition of datacom modes 

• Upgrades to 14.4 kbltls operation with future 
Silicon Systems products 

• Adaptive equalization plus selectable compro
mise equalizer 

• Automatically adapts to terminal speeds of 300 
to 19.2 kbltls, with flow control 

• Includes HOLC framing to facilitate T.30 FAX 
handshake protocol 

• Low power operation (450 mW) from a single 
+5V supply 

• PLCC packages for surface mount designs 

VDD GND PDWN NMI BLOCK DIAGRAM 
UNE 

~r-~--o-~--------------------------------------------'/~RFACE 

~--------------------------------------------~AUAA 

NVRAM r---------------------------~--------------~HOOK 
CONTROL .z:------------------------------------------¢ AI 

NVDT L--.r--r-...l.E-IA.L.57-eL-r---, 

NVCE Commands 
NVCK 

AKCLK 

EXCLK 
TXCLK 

TXD 

ALE 

EXPANSION BUS I/O 
2-151 

r Iil!-.a TAA 1 

CLKI CLK2 VAEF 

TAA2 

AUXIN 
SPKA 

AAA 

AUXOUT 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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DESCRrPTION (Continued) 
7302291 make it easy to design both FAX and data
com capability into one product. It is ideal for use in 
personal computer, portable terminal, and Laptop FAXJ 
datacom applications which communicate using 
existing telephone lines. 

OPERATION 

The S817302291 is designed for applications that 
require half-duplex 9600 bitlsoperation overt he G8TN. 
This product is optimized for personal computer-based 
FAX and related applications which combine both FAX 
and datacom into a single product. The 881 7302291 
includes full group 3 FAX modes, along with an industry 
standard EIAffIA user interface, providing an AT com
mand interpreter with special commands for control of 
FAX functions. The 7302291 provides for simple ex
pansion to include 2400 bills datacom modes by add
ing the S81 73K224L 1-chip modem, or other Silicon 
8ystems modem products for alternate modes such as 
V.23 operation, if desired. The SSI 7302292 is a ver
sion of the SSI 7302291 configured for, and including 
the SSI73K224Lto provide full FAX and datacom. The 
SSI 7302291's AT command interpreter controls the 
datacom function in this case, eliminating the need for 
additional circuitry. Other features such as OTMF dial
ing and detection, call progress detection, and diag
nostics are included and may be controlled using 
selected AT commands. 

A complete FAXJdatacom modem using the 73022911 
2292 in a PC environment requires only the addition of 
the phone line interface, a UART, and driver routines or 
a commercial software program for the PC to handle 
FAX management, file transfer, and graphics conver
sion. The SSI 7302291 is one member in a family of 
new Silicon Systems products for high speed modem 
applications. These products allow interchangeable 
upgrades to higher speeds or alternate modes, while 
retaining compatibility with existing Silicon Systems 1-
chip modem products. 

HOST INTERFACE 

The EIA 578 standard for PC FAX operation provides 
for communication of commands and data over a serial 
RS-232 port. The SSI7302291 provides an asynchro
nous interface and appropriate control signals con
forming to this standard to allow data and command 
transfer between the OTE and OCE. 

COMMAND PROCESSOR 

The 7302291/2292's AT command processor (CP) 
automatically determines the communications speed, 
character length, and parity of the OTE, and adjusts its 
operation accordingly, using an autobaud technique. 
The CP interprets EIA standard "AT" commands, as 
well as conventional and extended "A r' commands for 
data communications, and provides appropriate con
trol for both FAX and data modes, eliminating the need 
for additional cirCUitry. Other features such as OTMF 
dialing and detection, call progress detection, and 
diagnostics are included and may be controlled using 
selected AT commands. The command processor can 
also be expanded with external memory to allow inte
gration of popular protocols such as V.42bis for error 
control and compression used in conjunction with data 
communications modes. 

DATA BUFFER 

The C P will autobaud over a range of 11 0 bills to 19.2 
kbitls and can use either hardware flow control (RTSI 
CTS) or software flow control (XON/XOFF) at high 
speeds if required making use of an internal 32 byte 
buffer. Autobaud speed must be at least 20% higher 
than the data transfer rate of the selected modulation 
technique for proper operation. 

USRT 

The SSI7302291/2292cantransmit and receive HOLC 
frames in data modes as needed to support the Group 
3 FAX T.30 protocol. In transmit modes the USRT 
takes data out of the buffer, computes a Frame Check 
Sum (FCS), does zero insertion, and appends flags. 
The USRT also filters the data stream from the OTE 
removing all character pairs beginning with the ASCII 
<OLE> character (hex $10). In addition, the USRT 
recognizes the pattern <OLE> <ETX> (hex $10, hex 
$03) as the stream terminator. The USRT recognizes 
the pattern <OLE> <OLE> and will reinsert a single 
<OLE> character in' its place. In receive modes, it 
reverses the process by detecting flags, deleting in
serted zeros, and checking FCS for errors which are 
then reported to the OTE. The U8RT also filters the 
data stream to the OTE and inserts an extra <OLE> 
(ASCII hex $10) character ahead of <OLE> data. 
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DATA PUMP 

The 7302291/2292 data pump consists of three sec
tions, the AFE, the OSP, and the CP, as shown in the 
block diagram. The AFE provides signal conditioning 
and data acquisition for the OSP, which performs 
modulation and demodulation under control of the CP. 
The AFE provides AID and 01 A conversion, scramblerl 
descrambler functions, timing generation and recov
ery, and fiHering. The OSP section modulates and 
demodulates data, transmits and detects OTMF and 
other call progress tones, and provides pattern detec
tion needed to complete the initial call connect se
quence. In a data mode transmit operation, the CP 
receives 8-bit characters, strips start and stop bits, and 
rate buffers the data with flow control. If HOLC is 
enabled, the data is formatted as HOLC frames. The 
OP then extracts data from the buffer for transmission. 
In a receive operation, the OP processes data received 
from the phone line. If HOLC is enabled, frames are 
detected, and data is depoSited into the buffer. The 
buffered data is then formatted into characters by the 
CP, and transmitted to the OTE. 

COMMUNICATIONS MODES AND COMPATIBILITY 

SSI 7302291/2292 
FAX Modem Device Set 

with TIAIEIA User Interface 

COMMAND INTERPRETER 

The 7302291/2292 includes an integral command 
interpreter with the ability to recognize and take action 
on 3 categories of commands. For conventional data 
modes, a basic, and an enhanced "AT" command set 
is included for use with data modem speeds up to 2400 
bit/so An EIA 578 compatible set of "AT' commands is 
also provided by the 7302291/2292 for FAX operation. 
EIA standard commands are similar to data modem 
"AT' commands, but are preceded by a "+F" character, 
to distinguish them from basic and extended "AT' 
commands. In addition to these three groups of com
mands, speCial Silicon Systems commands are in
cluded that add extra diagnostic and control features to 
the 7302291/2292 when operating in FAX mode. 

MODE SPEED BAUD RATE CARRIER (Hz) MOD. METHOD APPLICATION 
V.29 9600 2400 1700 OAM FAXG3 

7200 2400 1700 OAM FAX fallback 
4800 2400 1700 OAM FAX fallback 

V.27ter 4800 1600 1800 OPSK FAX fallback 
2400 1200 1800 OPSK FAX fallback 

V.21 CH2 300 300 1650/1850 FSK FAX handshake 
V.22bis* 2400 600 2400,1200 OAM FOX data com 
V.22* 1200 600 2400,1200 OPSK FOX data com 
Bell 212A* 1200 600 2400,1200 OPSK FOX data com 
Bell 103* 300 300 2025,2225 FSK FOX data com 
V.21* 300 300 1650/1850 FSK FOX data com 

980/1180 

* SSI 7302292 only 
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COMPATIBILITY FOR DATA COMMUNICATIONS MODES (SSI73D2292only) 

7302292 originating as: 

Bell CCITT 

Callina a: 300 1200 300 1200 

Bell 300 (103) 300 300 - -
1200 (212) 300 1200 - 1200 

2400· (224) 300 1200 - 1200 

CCITT 300 (V.21) - - 300 -
1200 (V.22) 300 1200 - 1200 
2400 (V.22bis) 300 1200 - 1200 

7302292 answering as: 

Bell CCITT 

Called from a: 300 1200 300 1200 
Bell 300 (103) 300 300 - -

1200 (212) 300 1200 - 1200 
2400 (224) 300 1200 - 1200 

CCITT 300 (V.21) - - 300 -
1200 (V.22) 300 1200 - 1200 
2400 (V.22bis) 300 1200 - 1200 

• A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks. 

PIN DESCRIPTION 

235 PINS 

48-PIN 44-PIN NAME 

36 33 VPA 
37 34 VPD 
13 13 GNA 
12 12 GND 

41 38 CKI 

22 21 RXA 
26 24 TX1 
25 23 TX2 
24 N/C 
27 25 AXI 
21 20 AXO 
23 22 MON 

11 11 CS 
14 14 CS 
15 15 WR 

DESCRIPTION 

+5 Analog 

+5 Digital 

Analog Ground 

Digital Ground 

Clock Input (11.0592 MHz) 

Receive Input 

Transmitter Output 

Transmitter Output 

No Connect 

Auxilliary Input 

Auxilliary Output 

Speaker Output 

Chip Select 

Chip Select 

Write Enable 

2-154 

2400 

300 

1200 

2400 

-
1200 

2400 

2400 
300 

1200 

2400 

-
1200 

2400 
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PIN DESCRIPTION (Continued) 

73M235 PINS 

48·PIN 44·PIN NAME DESCRIPTION 

16 16 RD Read Enable 

17 17 ALE Address Latch Enable 

18 18 IT Interrupt Request 

20 19 NMI Non Maskable Interrupt 

19 N/C No Connect 

6 N/C No Connect 

2-10 3-10 ADO-AD7 Address/Data 

46 43 SOO Serial Output 0 

45 42 S01 Serial Output 1 

1 2 SIO Serial Input 1 
48 1 SI1 Serial Input 1 

42 39 SCK Serial Clock 
43 40 TFS Transmit Frame Sync 

44 41 RFS Receive Frame Sync 
47 44 SAK Serial Acknowledge 

39 36 RCK Receive Bit Clock Output 

35 32 TCK Transmit Bit Clock Output 

40 37 XCK External Bit Clock Input 

38 35 RXD Receive Data 
34 31 TXD Transmit Data 

33 30 TX Transmit Data (inverted) 
28 26 RI Ring Detect 
29 27 HOOK Hook Relay Control 

30 N/C No Connect 
31 28 DRST DSP Reset 
32 29 PWDN Power Down Output 
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PIN DESCRIPTION (Continued) 

730640 PIN 

40-PIN 44-PIN NAME DESCRIPTION 

30 34 VCC +5V 
10 1,12,18,29 VSS Ground. 
40 44 PA2 Peripheral Address 
1 2 PA1 Peripheral Address 
2 3 PAO Peripheral Address 
4 5 RS Reset 
5 6 INT Interrupt 
6 7 ClK Clock/4 Output 
7 8 X1 Crystal 
8 9 CKI/X2 Clock Input/Crystal 
9 10 BIO Polling Input 

11 N/C No Connect 

3 4 MC Code Select 
27 31 PM Code Select 
26 30 DO Data Bus 
25 28 D1 Data Bus 
24 27 D2 Data Bus 
23 26 D3 Data Bus 
22 25 D4 Data Bus 
21 24 D5 Data Bus 
20 23 D6 Data Bus 
19 22 D7 Data Bus 
11 13 D8 Data Bus 
12 14 D9 Data Bus 
13 15 D10 Data Bus 
14 16 D11 Data Bus 
15 17 D12 Data Bus 
16 19 D13 Data Bus 
17 20 D14 Data Bus 
18 21 D15 Data Bus 
32 36 RD Read Enable 
31 35 WR Write Enable 

28 32 SAK Serial Acknowledge 
29 33 SIO Serial Input 0 
33 37 SI1 Serial Input 1 
34 38 SCK Serial Clock 
35 39 SOO Serial Output 0 
36 40 S01 Serial Output 1 
37 41 FR Frame Output 
38 42 TFS Transmit Frame Sync 

39 43 RFS Receive Frame Sync 
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PIN DESCRIPTION (Continued) 

730641 PIN 

40·PIN 44·PIN NAME 

1 N/C 

1 2 DSR 

2 3 DTR/NVCK 

3 4 NVCE 

4 5 AT 
5 6 DCD 

6 7 CTS 

7 8 RTS/NVDT 

8 9 AUXR 

9 10 RST 

10 11 TXD 

12 N/C 

11 13 RXD 

12 14 INTO 

13 15 INT1 

14 16 RXC 

15 17 TXC 

16 18 WR 

17 19 RD 

18 20 X2 

19 21 X1 

20 22 VSS 

23 N/C 

21-28 24-32 A8-A15 

29 32 PSEN 

30 33 ALE 

34 N/C 

31 35 EA 

32-39 36-43 AD7-ADO 

40 44 VDD 
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DESCRIPTION 

No Connect 

Modem Ready 

Terminal Ready 

EEProm Enable 

Ring Indicate 

Carrier Detect 

Transmit Flow Control 

Receive Flow Control 

AlA1 Relay Control 

Reset 

Transmit Data 

Receive Data 

"An Search Interrupt 

AFE Interrupt 

Receive Bit Clock 

Transmit Bit Clock 

Write Enable 

Read Enable 

11.0592/22.184 MHz Input 

Ground 

Address Bus 

External ROM Enable 

Address Latch Enable 

External ROM Select 

Address/Data Bus 

+5V Power 
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EIA-578 STANDARD "AT" COMMANDS FOR FAX OPERATION 

COMMAND 

+FCLASS=n 

+FCLASS? 
+FCLASS=? 
+FTS=DDn 

+FRS=DDn 

+FTH=DDn 

+FRH=DDn 

+FTM=DDn 

+FRM=DDn 

+ACU? 
+CNG=<Hz> 
+MFR? 
+MDL? 
+Rad(ix)=n 

+REV? 

DESCRIPTION/OPTIONS 

Sets class of operation for: 
n=O (FAX modem in Data mode). Responds OK if FAX modem, Error if data only modem 
n=1 Enables Class 1 commands 
n=2 (Reserved) 

Queries current setting 
Reports all possible modes 
Stops transmitting, then transmits nnnl1 00 seconds of silence. After nnnl1 00 seconds, responds 
with OK, or executes next command on command line. 
Waitfor nnn/1 00 seconds of silence. Responds with OK, or executes next command on command 
line. 
Transmit HDLC frame using modulation nnn. Responds with CONNECT, enters data mode, then 
begins transmitting HDLC flags. Characters received will be transmitted in HDLC frames. Data 
overrun will result in closing frames, and occurs if the second byte of the frame is 0 x C8(T.30 final 
frame byte). In this case the response will be OK, otherwise the modem will respond CONNECT 
and begin the next frame. 
Receive HDLC frame using modulation nnn. Modem responds with CONNECT if flags are 
detected. If no carrier is detected the modem responds NO CARRIER. If another carrier is 
detected the modem responds +FCERROR (+F4). The end of data is indicated by <DLE><ETX> 
from modem. The 2 bytes preceding the end offrame will be the FCS. Following the end offrame 
the modem will respond OK or ERROR indicating the status of the FCS. 
Transmit using modulation nnn. Will respond CONNECT after completion of the training 
sequence. Data mode will be terminated if a character other than NUL (oxoo) is the last character 
transmitted when underrun occurs, or a <DLE><ETX> is encountered. 
Receive using modulation nnn. Will respond CONNECT after completion of the training 
sequence. Will respond +FCERROR(+F4) if another modulation type is detected. Sends data 
followed by <DLE><ETX> ok. 
Query EIA command capability. Modem responds OK if available. 
Enable selected Transmit calling tone of Hz frequency. 
Query manufacturer name. Responds with manufacturer's name. 
Query product model. Responds with MFG. product model. 
Set base for numeric results as shown: 

0= Decimal 
1 = Hex 
2 = Binary 

Query component revision number. Responds with individual component device numbers and 
revision in form "Device.rev" 

Modulation codes for above commands: nnn=Code 
3 

24 
48 
72 
96 

Speed 
300 
2400 
4800 
7200 
9600 

Note: The host must protect <OLE> characters in the data 
with another <OLE>, and strip extra <OLE> on reception. 

120 
144 

12000 (reserved) 
14400 (reserved) 
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SILICON SYSTEMS EXTENDED COMMANDS 

COMMAND DESCRIPTION/OPTIONS 

%ATT=nn Sets transmit attenuator for value of nn = 0 to 15 dB. 

%DAA=n Selects DAA configuration for RJ11 (n=O) or RJ45 (n=1). 

%EQU=n Configures link and cable equalizers in RX and TX directions. 

The preceding 3 commands are issued only once for initialization of NVRAM. If NVRAM is not 
present. then default values are used. 

%ERASE Erases NVRAM to allow reconfiguration of hardware parameters. 

%DACa= Displays diagnostic information as follows when in diagnostic mode: 
pnnnb% ~ ~ 

a= XorY Selects D/A address X or Y 
p= A (AFE). D (DSP) Selects source for data 

R (RAM). U (controller) 
nnn = Hex # OOo-FFF Selects memory location 
b= H/L Selects high or low memory byte 

%DEBUG=n Enables diagnostic modes and updates as follows: 
"n"Va'ue~ 

0 Disable diagnostic (default) 
1 Enable diagnostic display at interrupt rate 
2 Enable diagnostic display update every 10 ms 

%DUMP= Dumps RAM location nnn of selected device to serial port. Command is aborted by expiration of 
pnnnb S18 test timer or receipt of %DUMP command. Parameters are same as for %DAC command. 

%BITa= Display RAM bit b of location nnn for selected device p to test bit a. Bit a is the RI pin. Bit b is DSR. 
pnnn.b Default addresses are RI and DSR. 

%PDWN=nnn Sets automatic power down mode for nnn as shown below. The modem will be awakened by 
either a negative edge from RING. or a NMI transition (normally caused by UART write access 
decode or TXD input). 
"n"Va'ue~ 

0 immediately enters powerdown 
1-254 enters powerdown after nnn sec. of inactivity (only if on hook and not in test modes) 
255 will not enter power down (default) 
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BASIC "AT" COMMAND SET* 
COMMAND & DESCRIPTION 

A Answer call 
In FAX Mode: 1. Modem goes off hook 

2. Waits billing delay 
3. Optionally reports CNG presence (1100 Hz) 
4. Sends 3 seconds of CEO tone (2100 Hz) 
5. Begins V.21 HDLC preamble (I sec. of flags) 

AI Repeat last command 
Os Dial using Dial siring 's" 

InFAXMode: I. Modem goes 0" hook 
2. Optionally searches for dial tone 
3. Dials number (processing embedded dial mods.) 
4. Optionally generates CNG (1100 Hz) 
5. Optionally reports presence of CEO (2100 Hz) 
6. Reports CONNECT when V.21 HOLC Rags are 

detected 
Dial ModlNers 
I:4RiJi1mc DBsCCipUon 
0-9"# digits/characters for dialing 
ABeD 
p pulse dial (factory selting) 
T tone dial 

delay processing of next character 
! hookftash 
@ wait for quiet answer 
W wait for dial tone 

return to command state after dialing 
R reverse mode (to call an originate-only modem) 
S=n dial stored number in location "n" (n = 0 ... 3) 

E[Oll) Command local echo 
EO Disabled 
EI Enabled 

H[Oll) Hook relay control 
HO Go on hook (hang up) 
H1 Go off hook 

In IdentitY 
10 Product code 
11 ROM check sum 
12 Check ROM check sum 

Ln Speaker volume 
LO,l Low 
L2 Medium 
L3 High 

Mn Speaker mode 
MO Speaker off 
MI Speaker on during connect only 
M2 Speaker always on 
M3 Speaker on during call progress 

P Pulse dial 
Qn Quiet mode, enables command responses 

QO Responses enabled 
Q1 Responses disabled 

Sn S registers 
Sn=nnn set 'S" register to value 
Sn? query current 'S" register value 

T Tone dial 
V[Oll) Verbose command responses 

VO Enable terse numeric response 
VI Enable verbose responses 

Zn Reset to configuration n in EEPROM 

2-160 

EXTENDED" AT" COMMAND SET** 
COMMAND & DESCRIPTION 

&C[Oll) DCDmodes 
&CO DCD always on 
&C1 DCD follows carrier detect 

&Dn DTRmodes 
&DO IgnoreDTR 
&01 Go to command state if ON-to-OFF detected 
&02 Go to command state and disable autoanswer if 

ON-to-OFF detected 
&03 Initialize modem with EEPROM if ON-to-OFF 

detected 
&F Factory configuration. Restores modem to factory 

sellings. 
&J[OI1) Auxilliary relay control 

&JO AUXRoff 
&J1 AUXR follows HOOK 

&Mn Synchronous modes 
&MO Asynchronous 
&M1 Sync mode entered upon completion of dial 
&M2 Dial stored number on OFF-to-ON transition of 

DTR and go on-line 
&M3 Manual dial using DTR as Talk/Data switch 

&P[Oll) Pulse dial makelbreak ratio 
&PO US 39%/61% 
&P1 UKlHK 33%/67% 

&Sn DSRmodes 
&SO DSR always on 
&Sl DSR normal 

&Tn Test modes (TBD) 
&V Display current configuration 
&Wn Write configuration to EEPROM 
&Yn Select power up EEPROM configuration 
&Zn=s Store telephone number 's" in EEPROM location "nO 

Notes: lfallclzed parameters indicate default settings. 
If a parameter (0, 1, etc.) is not specified, the modem 
assumes the 0 parameter. 

" Basic AT commands consist of a single letter optionally 
followed by a numeric argument. The numeric argument can 
be 1 or 0 indicating a TRUE or FALSE condition. No argu-
ment means "0." The numeric argument can also be a 
decimal number in the range 0-255. 

"" Extended AT commands are preceded by an ampersand. 
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Reg. 
so 
SI 

S2 

53 
S4 

S5 

56 
S7 

sa 
59 

510 

511 

512 

514 

S16 

S18 

521 
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S-REGISTER SUMMARY 

Description Range:Default Reg. Description Range:Default 

select ring to answer on 0-255 ring5:0 S22 bit mapped options 

ring count (Inaementoo with each ring) 0-255 rings Bit 0, 1 - Speaker Volume 

define escape sequence character 0-127 ASCII:43 
oo-res. 01 - L1 10-l2 11 -l3 

Bit 2, 3 - Speaker Modes 
define carriage rerurn character 0-127 ASCII:13 oo-MO 01-Ml 10-M2 ll-M3 
define line feed character 0-127 ASCII:10 Bit 4, 5, 6 - Call Progress 

define back space character 0-32, 127 ASCII:8 000- XO 001 - res. 010- res. 011 - res. 

select wait time before blind dialing 2-255 sec.:l0 
loo-Xl 101-X2 110- X3 lll-X4 

Bit 7 - &Pn Pulse Type 
select wait time for carrierldial tone 1-255 sec.:30 523 bit mapped options 
select duration of comma dial modifier 0-255 sec.:2 Bit 0, 1 - 5peaker Volume 
select carrier detect response time 1-2551/10 sec.:6 oo-res. 01-l1 10-l2 II-l3 

select time between carrier loss/hang up 1-2551/10 sec.:14 Bit 2, 3 - 5peaker Modes 

define duration/spacing of tones 
oo-MO 01-Ml 10-M2 ll-M3 

50-255 ms:70 Bit 4, 5, 6 - Cali Progress 
define escape frequency guard time 0-255 1150 sec.:5O ooo-XO 001 - res. 010-res. 011 - res. 
bit mapped options loo-Xl 101-X2 110-X3 lll-X4 

Bit 1 - En Command Echo :1 Bit 7 - &Pn Pulse Type 
Bit 2 - On Ouiet :0 S25 detect OTR change timer 0-255 1/100 sec.:5 
Bit 3 - Vn Verbose Results :1 527 bit mapped options 
Bit 5 - Tone (0), Pulse (1) Dial :0 Bit 0, 1 - 5ync Mode 
Bit 7 - Answer (0), Originate (1) :1 oo-&MO 01-&Ml 10-&M2 11-&M3 

modem test options Bit 4, 5 - Sync Mode 
Bit 0 - &Tl Analog loopback :0 00 - &XO 01-&Xl 10 -&X2 11-&X3 
Bit 2 - &T3 local Digital loopback :0 
Bil6 - & T8 ALB with self test :0 

modem test timer 0-255 sec.:O 

modem test options 
Bit 0 - &In Auxilliary Relay :0 
Bit 3, 4 - OTR Modes 

00-&00 01-&01 10-&02 11-&03 
Bit 5 - &Cn DCO :0 
Bit 6 - &5n 05R :0 
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RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITION 

Ambient Temperature, Ta 
Supply Voltage, VCC, VDD 

Input Low Voltage, VIL 

Input High Voltage, VIH 

Output Low Current 
Output High Current 

Digital Load Capacitance 

Input Clock Frequency, X2 
XTL2,CKI 

Input Clock Variation, XIN must be (X1) + 2 
X1,XIN 

DC ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 
100 Supply Current 

IIH Input High Current 

ilL Input Low Current 

Digital Input Capacitance 

VOH Output High Voltage lout = -0.4 rnA 
VOL Output Low Voltage lout = 1.6 rnA 
RXA Input Resistance 
RXA Input Capacitance 

2-162 

MIN 

0 
4.75 

0 
2.0 

-0.4 

-0.01 

MIN 

-10 

2.4 

100 

NOM MAX UNITS 

70 °C 
5.25 V 

0.8 V 

VDD V 

1.6 rnA 

rnA 

50 pF 

22.1184 MHz 
11.0592 

0.01 % 

NOM MAX UNITS 

110 rnA 

10 I1A 
I1A 

10 pF 

V 

0.4 V 

kQ 

25 pF 

0790 - rev. 



APPLICATIONS INFORMATION 

The SSI 7302291/2292 includes features and com
mands that are needed to design a full featured FAX! 
Oatacom modem with industry standard "AT" com
mands and functions. All control software needed for 
modem control, AT user interface, and FAX modes are 
included within the device set. A complete basic mo
dem requires the addition of an RS-232 or UART 
interface, and an appropriate telephone line interface. 
PC resident software then performs the T.4 FAX com
pression/decompression and format manipulation for 
proper screen display or print-out. Software can be 
customized for specific applications, or commercial 
software packages can be used that support FAX 
operation using the EIA 578 interface. 

Optional features that are provided for in the 73022911 
2922 and that may be included in a full-featured mo
dem design include: Non-volatile memory for storage 
of set-up parameters; a speaker and amplifier for 
audible monitoring of call activity; and LEOs for display 
of modem status. 

For data communication modes, the S81 7302292 
employs an AT command set user interface that is 
compatible with existing modem products and soft
ware. With this interface, the user can directly control 
a modem using simple AT commands, or commercially 
available communications software programs such as 
Smartcom™ may be used to provide a menu driven 
interface and additional features that make the modem 
easier to use. 

The FAX operating sequence is similar to, but more 
complex than that required for data communication, as 
the FAX operation adds the additional format conver
sion and file compression steps to normal data trans
fer. The industry standard EIAITIA "AT" user interface 
included in the 7302291/2922 provides a high level 
user interface to the FAX modem function. FAX data 
pump control, format conversion, and compression 
must be implemented by external communications 
software. A compatible communications software 
package, in conjunction with the 7302291/2292 will 
provide full FAX capability. The industry standard user 
interface provided in the 7302291/2292 is expected to 
be widely supported in the future by popular commer
cial software programs. 
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SAMPLE T.30 FAX HANDSHAKE SESSION 

The following table is a sample FAX connect session 
using the EIA578 defined "A r' commands incorporated 
in the SS17302291/2292. All transmissions take place 
at 19.2 kbitls using 8-bit characters and no parity 
setting. Verbose result codes are shown for clarity. 
Binary data formatted as characters is shown as 
<OATA>. 
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EXAMPLE: Single Page FAX Transmission Without Any Reported Problems 

DTE DCE Local DCE RemoteDCE 
Commands Responses Action Action 

AT+FCLASS=1 set to Class 1 
OK 

ATDT5846161 1) Dials 
2) Enters V.21 1) Answers 

HDLC Receive 2) Sends CED 
3) Detects HDLC 3) Sends HDLC 

Flags Flags 
CONNECT Sends NSF Frame 
<NSF Frame> 
<DLE><ETX> 
OK 

AT+FRH=3 Detect Flags 
CONNECT Sends CSI 
<CSI Frame> 
<DLE><ETX> 
OK 

AT+FRH=3 Detect Flags 
CONNECT 1) Sends DIS 
<DIS Frame> 2) Drops Carrier 
<DLE><ETX> 3) Receives Flags 
OK 

AT+FRH=3 Detects loss of 
Carrier 

NO CARRIER 

AT+FTH=3 Send Flags 
CONNECT 

<TSI Frame> 1) Sends Frame Receives TSI 
<DLE><ETX> 2) Appends FCS 

3) Appends Flag 
CONNECT 

<DCS Frame> 1) Sends Frame Receives DCS 
<DLE><ETX> 2) Appends FCS 

3) Appends Flag 
4) Drops Carrier 

OK 

AT+FTS=8 waits80ms 
OK 

AT+FTM=96 Transmits V.29 
(9600) 

CONNECT 
<TCF Frame> Receives and 
<DLE><ETX> Drops Carrier ChecksTCF 

OK 

2·164 

Notes 

AT +FRH=3 implied 
by dialing 
+FCLASS=1 

Frame Status 

Final Frame 
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EXAMPLE: Single Page FAX Transmission Without Any Reported Problems (continued) 

DlE DCE Local DCE RemoteDCE Notes 
Commands Responses Action Action 

AT+FRH=3 Detects Flags 
CONNECT 1) Sends CFR 
<CFR Frame> 2) Drops Carrier 
<DLE><ETX> 
OK Frame Status 

AT+FRH=3 Detects loss of 
Carrier 

NO CARRIER 

AT+FTM=96 Transmits V.29 
CONNECT 

<page data> Receives page 
<DLE><ETX> Drops carrier data 

OK 

AT+FTH=3 Sends Flags 
CONNECT 

<EOP Frame> 1) Sends Frame Receives EOP Final Frame 
<DLE><ETX> 2) Appends FCS 

3) Appends Flag 
OK 4) Drops Carrier 

AT+FRH=3 Detects Flags 
CONNECT Sends MCF 
<MCF Frame> Drops Carrier 
<DLE><ETX> 
OK Frame Status 

AT+FRH=3 Detects loss of 
Carrier 

NO CARRIER 

AT+FTH=3 Sends Flags 
CONNECT 

<DCN Frame> 1) Sends Frame Receives DCN Final Frame 
<DLE><ETX> 2) Appends FCS Hangs up 

3) Appends Flag 
OK 4) Drops Carrier 

ATHO Hangs up 
OK 
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PACKAGE PIN DESCRIPTIONS (TOP VIEW) 
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DESCRIPTION 

The SSI 7302331 is a CMOS device set that allows 
14.4 kbiVs transmit and receive facsimile data commu
nication over the dial-up telephone network. The 
7302331 conforms to CCITT V.17, V.29 and V.27ter 
standards as defined for FAX operation, and it includes 
an EIA 578 industry standard "AT' user interface for 
high level control of FAX functions in Personal Comput
ers, or similar applications. The "Ar' command set 
provided by the 7302331 's user interface simplifies 
control of the FAX modes, and insures compatibility 
with personal computer applications software de
signed for FAX communications. 

The 7302331 employs the same control architecture 
used in Silicon Systems' 1-chip modem products, and 
is compatible with these devices. 2400 biVs data 
communications modes can be incorporated into the 
product by the addition of the SSI 73K224L 1-chip 
modem (7302332 product.) Other Silicon Systems 
1-chip modems may also be used to provide alternate 
data communications modes. (continued) 

5517302331/2332 
V.17 FAX Modem Device Set 
with EIA 578 User Interface 

I' Ii no Mt.] i; ,EU t.] ;, 
FEATURES 

July, 1990 

• High speed G3 faCSimile modes Including V.21 
ch.2, V.27ter, V.17, and V.29 

• 14,400 bltls (V.17), 9600, 7200, 4800 bltls (V.29), 
4800,2400 bltls (V.27ter), and 300 bltls (V.21) 
operation 

• Includes EIA 578 Industry standard ("AT") user 
Interface and command Interpreter 

• Compatible with existing Silicon Systems products 
for easy upgrades 

• Trellis encoding forward error correction with fast 
training capability In V.17 modes at speeds of 
14,400,1200,9600, and 7200 bltls 

• Automatically adapts to terminal speeds of 300 to 
19,200 bltls, with flow control 

• Includes HOLe framing to facilitate T.30 FAX 
handshake protocol 

• Low power CMOS design operates from a single 
+5V supply 

• Compact DIP or PLCC packages for surface-mount 
designs 

VOO GNO POWN NMI BLOCK DIAGRAM 

NVRAM 
CONTROL 
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SSI 7302331/2332 
V.17 FAX Modem Device Set 
with EIA 578 User Interface 

DESCRIPTION (Continued) 

The 7302331's built-in AT command interpreter can con
trol both the FAX and data communications modes, 
eliminating the need for separate controllers and addi
tional components. 

The high level of performance, integrated features, and 
industry standard user interface provided by the 7302331 
make it easy to design both FAX and data communica
tions capability into one product. It is ideal for use in 
personal computer, portable terminal, and Lap-top FAX/ 
data communications applications which communicate 
using existing telephone lines. 

OPERATION 

The SSI7302331 is designed for applications that require 
high speed operation at 14,400 bills over the General 
Switched Telephone Network (GSTN). This product is 
optimized for Personal Computer-based FAX and related 
applications which combine both FAX and data commu
nications into asingle product. The 7302331 includes the 
new V.17 high performance FAX mode using Trellis 
encoding, for speeds of 14,400,12000,9600, and 7200 
bills. Full group 3 FAX modes, and an industry standard 
EIA 578 user interface are also included, providing an 
"AT" command interpreter with special commands for 
control of FAX functions. The 7302331 provides for 
simple expansion to include 2400 bills data communica
tions modes by adding SSl's 73K224L 1-chip modem, or 
other Silicon Systems modem products for special modes 
of operation. The 7302332 is a version of the 7302331 
configured for, and including the 73K224L to provide full 
FAX and data communications capability. 

A complete FAX/data communications modem using the 
7302331/2 in a PC environment requires only the addition 
ofthe phone line interface, a UART, and driver routines or 
a commercial software program for the PC to handle FAX 
management, file transfer, and graphics conversion. The 
7302331 is one member in a family of new Silicon 
Systems products for high speed data communications 
applications. These products allow interchangeable up
grades to different speeds or alternate modes, while 
retaining compatibility with eXisting Silicon Systems 1-
chip modem products. 

HOST INTERFACE 

COMMAND PROCESSOR 

The 730233112's AT command processor (CP) automati
cally determines the communications speed, character 
length, and parity of the OTE, and adjusts its operation 
accordingly, using an autobaud technique. The CP inter
prets EIA standard "AT" commands, as well as conven
tional and extended "AT" commands for data communica
tions, and provides appropriate control for both FAX and 
data modes, eliminating the need for additional circuitry. 
Other features such as OTMF dialing and detection, call 
progress detection, and diagnostics are includes and may 
be controlled using selected AT commands. The com
mand processor can also be expanded with external 
memory to allow integration of popular protocols such as 
V.42bis for error control and compression used in con
junction with data communications modes. 

DATA BUFFER 

The CP will autobaud over a range of 110 bills to 19,200 
bills and can use either hardware flow control (RTSICTS) 
or software flow control (XONIXOFF) at high speeds, if 
required, making use of an internal 32 byte buffer. Op
tional RAM may be added to extend buffer size, if needed. 
Autobaud speed must be at least 20% higher than the 
data transfer rate ofthe selected modulation technique for 
proper operation. 

USRT 

The SSI 7302331/2 can transmit and receive HOLC 
frames in data modes as needed to support the Group 3 
FAX T.30 protocol for completion of handshake. In 
transmit modes the USRT takes data out of the buffer, 
computes a Frame Check Sum (FCS), does zero inser
tion, and appends flags. The USRT also filters the data 
stream from the OTE removing all character pairs begin
ning with the ASCII <OLE> character (hex $10». In 
addition the USRT recognizes the pattern <OLE> <ETX> 
(hex $10, hex $03) as the stream terminator. The USRT 
also recognizes the pattern <OLE><OLE> and reinsert a 
single <OLE> character in its place. In receive modes, it 
reverses the process by detecting flags, deleting inserted 
zeros, and checking FCS for errors which are then re
ported to the OTE. In addition, the USRT filters the data 
stream to the OTE and inserts an extra <OLE> (ASCII hex 
$10) character ahead of <OLE> data. 

DATA PUMP 

The EIA 578 standard for PCFAX operation provides for The 7302331/2 data pump consists of three sections, the 
communication of commands and data over a serial RS- AFE, the OSP, and the CP, as shown in the block diagram. 
232 port. The SSI 7302331 provides an asynchronous The AFE provides signal conditioning and data acquisi-
interface and appropriate control Signals conforming to tionforthe OSP, which performs modulation anddemodu-
this standard to allow data and command transfer be- lation under control ofthe CP. The AFE provides AlO and 
tween the OTE and OCE. O/A conversion, scrambler/descrambler functions, timing 

generation and recovery, and filtering. The OSP section 
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DATA PUMP (Continued) 

modulates and demodulates data, transmits and detects 
DTMF and other call progress tones, and provides pattern 
detection needed to complete the initial call connect 
sequence. In a data mode transmit operation, the CP 
receives 8 bit characters, strips start and stop bits, and 
rate buffers the data with flow control. If HDLC is enabled, 
the data is formatted as HDLC frames. The DP then 
extracts data from the buffer for transmission. In a receive 
operation, the DP processes data received from the 
phone line. If HDLC is enabled, frames are detected, and 
data is deposited into the buffer. The buffered data is then 
formatted into characters by the CP, and transmitted to 
the DTE. 

COMMAND INTERPRETER 

The 73D2331/2332 includes an integral command inter
preter with the ability to recognize and take action on 3 
categories of commands. For conventional data modes, 
a basic, and an enhanced "AT" command set is included 
for use with data modem speeds up to 2400 biVs. An EIA 
578 compatible set of "AT" commands is also provided by 
the 73D229112292 for FAX operation. EIA standard 
commands are similar to data modem "AT" commands, 
but are preceded by a "+" character, to distinguish them 
from basic and extended "AT" commands. In addition to 
these three groups of commands, special Silicon Sys
tems commands are included that add extra diagnostic 
and control features to the 73D2331/2332 when operating 
in FAX mode. 

COMMUNICATIONS MODES AND COMPATIBILITY 

SSI 7302331/2332 
V.17 FAX Modem Device Set 
with EIA 578 User Interface 

APPLICATIONS INFORMATION 

The SS173D2331/2332 includes features and commands 
that are needed to design a full featured FAX/Datacom 
modem with industry standard "AT" commands and func
tions. All control software needed for modem control, AT 
user interface, and FAX modes are included within the 
device set. A complete basic modem requires the addi
tion of an RS-232 or UART interface, and an appropriate 
telephone line interface. PC resident software then per
forms the T.4 FAX compression/decompression and for
mat manipulation for proper screen display or print-out. 
Software can be customized for specific applications, or 
commercial software packages can be used that support 
FAX operation using the EIA 578 interface. 

Optional features that are provided for in the 73D2331/ 
2332 and that may be included in a full-featured modem 
design include: non-volatile memory for storage of set-up 
parameters; a speaker and amplifier for audible monitor
ing of call activity; and LEDs for display of modem status. 
For data communication modes, the 73D2332 employs 
an AT command set user interface that is compatible with 
existing modem products and software. With this inter
face, the user can directly control a modem using simple 
AT commands, or commerCially available communica
tions software programs such as Smartcom™ may be 
used to provide a menu driven interface and additional 
features that make the modem easier to use. 

MODE SPEED BAUD RATE CARRIER (Hz) MOD. METHOD APPLICATION 

V.17 14,400 2400 Trellis V.17 FAX 

V.29 9600 2400 1700 QAM FAXG3 

7200 2400 1700 QAM FAX fallback 

4800 2400 1700 QAM FAX fallback 

V.27ter 4800 1600 1800 DPSK FAX fallback 

2400 1200 1800 DPSK FAX fallback 

V.21 300 300 1650, 1850 FSK FAX handshake 

V.23 1200 1200 1300,2100 FSK Videotex 

(73D2332 only) 

V.22bis 2400 600 2400, 1200 QAM FDXdatacom 

V.22 1200 600 2400, 1200 DPSK FDXdata com 

Bell 212A 1200 600 2400, 1200 DPSK FDXdata com 

Bell 103 300 300 FSK FSK FDXdatacom 

V.21 300 300 FSK FSK FDXdatacom 
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COMPATIBILITY FOR DATA COMMUNICATIONS MODES (8S17302332 only) 

7302331 originating as: 

Bell CCITT 

Calling a: 300 1200 300 1200 2400 

Bell 300 (103) 300 300 - - 300 

1200 (212) 300 1200 - 1200 1200 

2400' (224) 300 1200 - 1200 2400 

CCITT 300 (V.21) - - 300 - -
1200 (V.22) 300 1200 - 1200 1200 

2400 (V.22bis) 300 1200 - 1200 2400 

7302332 answering as: 

Bell CCITT 

Called from a: 300 1200 300 1200 2400 

Bell 300 (103) 300 300 - - 300 

1200 (212) 300 1200 - 1200 1200 

2400 (224) 300 1200 - 1200 2400 

CCITT 300 (V.21) - - 300 - -
1200 (V.22) 300 1200 - 1200 1200 

2400 (V.22bis) 300 1200 - 1200 2400 

• A Bell 2400 is a V.22bis using a 2225 Hz answer tone without unscrambled marks. 

APPLICATIONS INFORMATION (Continued) 

The FAX operating sequence is similar to, but more 
complex than that required for data communication, as 
the FAX operation adds the additional format conversion 
and file compression steps to normal data transfer. The 
industry standard EIA "AT" user interface included in the 
7302331/2332 provides a high level control interface for 

the FAX modem function. FAX data pump control, format 
conversion, and compression must be implemented by 
external communications software. A compatible com
munications software package, in conjunction with the 
7302331/2332 will provide full FAX capability. The indus
try standard user interface provided in the 7302331/2332 
is expected to be widely supported in the future by popular 
commercial software programs. 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

Protected by the following patents: (4,777,453) (4,789,995) 
(4,870,370) (4,847,868) (4,866,739) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 73M376 K-Series Integrated Line Interface 
Unit(LlU) enables the modem to make direct connec
tions to the Public SwitchedTelephone Network. This 
single chip data access arrangement integrates all 
external active (line side) components required in K
series modem designs. The SSI 73M376 operates 
from a single 5 volt supply ideally suited for low power 
portable applications. Along with the transmit and 
receive function, it provides transmit and receive am
plifiers, programmable audio monitor, and relay driv
ers. In the transmit path it has provision for level 
programmable gain path as well as a normal gain path 
which can be switched via a TIL input. The 73M376 
comes in a 28-lead PLCC package. 

BLOCK DIAGRAM 
MUX TXAOUT 

SSI73M376 
Integrated Line Interface 

'Rig'h"",'g,»,' 
July, 1990 

FEATURES 

• One-Chip data access arrangement 

• Compatible with all SSI K-Series Modem 
Products 

• On-board receive and transmit paths. Transmit 
has level protected programmability 

• On-board differential speaker driver with four 
step variable gain 

o On-board relay driver with power conserving 
hold state 

• Low power (85 mW) with power down mode 
(25 mW) when on-hook 

• Operates from a single +5V supply 

PIN DIAGRAM 
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SSI73M376 
Integrated Line Interface 

FUNCTIONAL DESCRIPTION 

The transmit output uses a differential drive to allow 
undistorted signals to be sent with a single 5 volt 
supply. Each output supplies halfthe drive signal to the 
transformer thus increasing the available output ampli
tude by 100%. Two dedicated transmit op-arnps are 
supplied with the outputs and minus inputs brought out 
so that external resistors and capacitors can be con
nected facilitating gain setting and filtering. The TTL 
input, MUX, switches the output of the op-amps to the 
differential driver. Ifthe MUX input is pulled high, or left 
floating, the TXA op-amp is selected. If the MUX input 
is pulled low the TXAP op-amp is selected. 

The receive input, RCV, is the minus input of a 
dedicated op-amp where external resistors and ca
pacitors can be connected facilitating gain setting and 
filtering. The bias, orplus, inputfor all the dedicated op
amps are connected to a VCC/2 bias point which 
allows for maximum swing between the supply rails. 
The VCC/2 bias point is brought out to an external pin, 
BIASC, where a compensation capacitor can be con
nected for power supply noise filtering. 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

The audio monitor gain stage has the RXA output as 
its input and has four gain settings; off or squelch, low, 
medium, and high. The output of the gain cell is fed to 
a summer where a signal can be summed in through 
the MONSUM pin. The audio amp differential output 
can drive an SO speaker with up to 400 mW rms of 
power. A capacitor needs to be in series with the 
speaker so no DC current will flow. 

On board relay drivers can directly drive the loop and 
cutoff relays. The TTL input OH (Off Hook) controls the 
loop relay driver. The TTL input CO (Cut Off) controls 
the cutoff relay driver. A timer, which uses an external 
timing capacitor connected to the HTIMER pin, is 
available to set a delay after relay energizing before the 
driver will go into its hold state. A negative transition on 
OH or CO starts the timer. When the timer has expired, 
both relay drivers will go into the hold state. While the 
timer is timing the relay drivers are in their full energiz
ing state. If OH is low and CO goes low before the timer 
expires, orvice versa, then the timer will reset and start 
timing again. 

The TTL input POWER controls the power down 
state. When POWER is low the part is powered up and 
when it is high, it is in its power down state. 

VCCA I Analog power supply input. 

VCCB I Digital power supply input. 

GNDA I Analog ground pin. 

GNDB I Digital ground pin. 

TXA I Negative input to transmit op-amp. 

TXAOUT 0 Transmit amplifier output. 

TXAP I Minus level programmed transmit op-amp input. 

TXAOUTP 0 Level programmed transmit amplifier output. 

MUX 0 Transmit amplifier outputs mux control (TTL). 

XMTOUT 0 Transmit output. 

XMTOUT 0 Transmit output (inverted). 

RCV I Negative input to receive amplifier. 

RXA 0 Receive amplifier output. 

MONITOR 0 Positive audio amplified output. 

MONITOR 0 Negative audio amplified output. 
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SSI73M376 
Integrated Line Interface 

PIN DESCRIPTION (continued) 

NAME TYPE DESCRIPTION 

MONSUM I Monitor summing input. 

AGO I Bit1 (TTL) input to set audio gain. 

AG1 I Bit2 (TTL) input to set audio gain. 

BIASC I VCC/2 bias compensation point. 

OH I Off hook TTL compatible input. Controls the loop relay 

CO I Cut off TTL compatible input. Controls the cutoff relay. 

HTIMER I Relay hold timing control pin. 

LOOP 0 Loop relay drive output. 

CUTOFF 0 Cutoff relay drive output. 

POWER I Power Down TTL compatible input. Controls power down mode 

ELECTRICAL SPECIFICATIONS 

ABSOULUTE MAXIMUM RATINGS 
Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

VCC Supply VoHage 7 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 300 °C 

RECOMMENDED OPERATING CONDITIONS 
Unless otherwise specified 4.50V < Vcc < 5.50V and O°C < T(ambient) < 70°C. Currents flowing into the chip 
are positive. Current maximums are currents with the highest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VCC SUPPLY VOLTAGE 

+5V POWER low 17.0 mA 
Outputs unloaded 

+5V POWER high 5.0 mA 

Junction Relay drivers in hold 135 °C 
Temperature state driving maximum 

current. MONITOR, 
MONITOR driving sn 
speaker to max rms 
power 
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SSI73M376 
Integrated Line Interface 

DIGITAL PINS 
(TTL compatible inputs: AGO, AG1, OH, CO, MUX, POWER pins) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Input low voltage (VIL) -0.3 0.8 V 

Input high voltage (VOH) 2.0 VCC+0.3 V 

Input low current VIL = 0.4 V 0.0 -0.4 rnA 

Input high current VIH = 2.4 V 100 !LA 

TRANSMIT AND RECEIVE SECTION 

Transmit Gain Single ended into (XMTOUT - XMTOUT) 11.5 12.5 dB 
Differential TXAOUT 

MUX=High 

Transmit Gain Single ended into (XMTOUT - XMTOUT) 11.5 12.5 dB 
Differential TXAOUTP 

MUX=Low 

XMTOUT, XMTOUT Differential 30 n 
Output Impedance 

Transmit THD 7V pop differential -56 dB 
From TXA or TXAP to 
XMTOUT -XMTOUT 
with Op-Amp gain=OdB 
@ 4 kHz Zioad = 600 n 
speaker driver off 

Max. Capacitive differential load 300 pF 
XMTOUT, XMTOUT 

RCV, TXA, TXAP input impedance 1 Mn 

RCV, TXA, TXAP input offset voltage RCV - VCC/2 10 mV 
TXA - VCC/2 
TXAP - VCC/2 

RCV, TXA, TXAP input bias current Vin = VCC/2 500 nA 

Receive THD From receive Op-Amp -56 dB 
input to RXA with 
Op-Amp gain=8dB 
4 kHz speaker driver off 

Max. Capacitive load, TXAOUT, 150 pF 
TXAOUTP, RXA 

Transmit and 500 kHz 
Receive Op-Amps 
Unity Gain 
Bandwidth 

BIASC impedance VBIASC=VCC/2 18K 32K n 
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MONITOR OUTPUT CIRCUIT 

SSI73M376 
Integrated Line Interface 

(All of the measurements are made with an 8.0 load, tied from MONITOR to MONITOR, AC coupled through 
a 20 ~F capacitor.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Gain From RXA to Monitor outputs 
(MONITOR-MONITOR)/RXA 
AGO=Low, AG1=Low -60 dB 

AGO=High, AG1 =Low -12 -10 dB 

AGO=Low, AG1=High -4 -2 dB 

AGO=High, AG1 =High 4 6 dB 

Max Output THO < -20 dB 3.5 Vpp 
Swing MONITOR-MONITOR 

MONSUMgain MONITOR-MONITOR -2 0 dB 

MONSUM 
Max input 3.5 Vpp 
at MONSUM 

MONITOR output MONITOR-MONITOR 5 mV 
offset AGO=Low, AG1=Low 

MONITOR output MONITOR-MONITOR 10 mV 
offset AGO=High, AG1=High 

MONSUM input 8K .0 
impedance 

RELAY DRIVER OUTPUTS 

Peak pull in current -25°C < T(ambient) 35 mA 
< 85°C at Vol=0.8 V 

Hold voltage After hold timer has 25% 40% Vee 
timed out 

Hold voltage delay t=CHTIMER • 750K for ±45 0/0 
0.01 ~F<CHTIMER<0.47 ~F 
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SSI73M376 
Integrated Line Interface 

HOLD DELAY 
5Vf CHTIMER' 750K 

OH I~·i I 
OV-+--~==~==============~-

LOOP 
VOLTAGE 

CUTOFF 

1 

5V 
HOLD DELAY 
CHTlt.£R • 750K 

1 .1 
OV-+--~====~-=========~~-

5V---r--; 

OV-+--~====~~=====---~----
1 

5Vf Jl:1 

VOLTAGE OV:~--====~~--======----------

FIGURE 1: Relay Hold and Power Down Timing Diagrams 
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DESCRIPTION 
The SSI 73M450 is a Universal Asynchronous 
Receiver/Transmitter (UART) circuit which is pin- and 
function-compatible with industry-standard 16C450-
type UARTs. It is primarily used in the interface 
between the serial data port and the parallel peripheral 
bus in 8-bit microprocessor systems. The 73M450F is 
a fast version of the UART that does not require wait 
states for operation with newer, higher-speed proces
sors. Both versions are designed in CMOS for low
power quiescent operation. The 73M450 and 
73M450F require only a single 5-volt supply and are 
available in either a 40-pin DIP or 44-pin PLCC 
package. 

FEATURES 

• 
• 

Compatible with Industry-standard UARTs 

High-speed version for zero walt-state 
operation with higher-speed busses 

SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

July, 1990 

FEATURES (Continued) 

• 
• 
• 
• 

• 

• 

• 
• 

Fully CMOS for low-power quiescent operation 
High drive current for directly driving large loads 

Full double buffering 

Independent control of transmit, receive, line 
status and data set interrupts 
Contains modem control function Including CTS, 
TRS, DSR, DTR, RI and DeD 
Programmable serial interface characteristics 
Include: 

5, 6, 7 or S-bit characters 
even, odd or no-parity bit generation and 
detection 
1, 1 1/2 or 2 stop-bit generation 
baud rate generation (de to 56K baud) 

Full status reporting capabilities 

Available In 4O-pln DIP or 44-pln PLCC 

PIN DIAGRAM 

Ot 
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CSOUT 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 73M450/450F 
Universal Asynchronous 
Receiver/Transmitter 

PIN DESCRIPTION 

BUS INTERFACE 

NAME DIP PLCC TYPE 

ADS 25 28 I 

CSO, CS1, 12-14 14-16 I 
CS2 

AO-2 28-26 31-29 I 

RD,RD 22,21 25,24 I 

WR,WR 19,18, 21,20 I 

00-7 1-8 2-9 I/O 

CSOUT 24 27 0 

DDIS 23 26 0 

DESCRIPTION 

Address Strobe: The rising edge of this signal is used for 
latching the Register Address and Chip Select inputs, thus 
facilitating interface to a multiplexed Address/Data bus. If not 
required, ADS should be tied permanently low. 

Chip Select: The UART is selected when CSO and CS1 are 
high and CS2 is low. Chip selection is complete when the 
decoded chip select signal is latched with an active (low) ADS 
input. This enables communication between the UART and 
the CPU. 

Register Select Address: These pins determine which of the 
UART registers is being selected during a read or write on the 
UART Data Bus. The contents of the DLAB bit in the UART's 
Line Control Register (see Table 1) also controls which 
register is referenced. 

Read Strobe: A request to read status information or data 
from a selected register may be made by pulling RD high or 
RD low while the chip is selected. Since only one input is 
required for a read, tie either RD permanently low or RD 
permanently high if not used. 

Write Strobe: A request to write control words or data into a 
selected register may be made by pulling WR high or WR low 
while the chip is selected. Since only one input is required for 
a write, tie either WR permanently lowor WR permanently high 
if not used. 

UART Data Bus (three-state): This bus provides bi-direc-
tional communications between the UART and the CPU; 
data, control words and status information are transferred via 
this bus. 

Chip Select Out: When high, indicates that the chip has been 
selected by active CSO, CS1 and CS2 inputs. No data 
transfer can be initiated until the CSOUT signal is a logic "1." 
CSOUT goes low when the chip is deselected. 

Driver Disable: Goes low when the CPU is reading data from 
the UART. A high-level DDIS output can be used to disable 
an external transceiver (if used between the CPU and UART 
on the 00-07 Data Bus) at all times, except when the CPU is 
reading data. 
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BUS INTERFACE (Continued) 

NAME DIP PLCC 

INTRPT 30 33 

DATA 1/0 

NAME DIP PLCC 

SIN 10 11 

SOUT 11 13 

MODEM CONTROL 

NAME DIP PLCC 

RTS 32 36 

CTS 36 40 

DTR 33 37 

DSR 37 41 

0790 - rev. 

TYPE 

0 

TYPE 

I 

0 

TYPE 

0 

I 

0 

I 

DESCRIPTION 

SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

Interrupt: Goes high whenever anyone of the following 
interrupt types has an active high condition and is enabled via 
the IER: Receiver Error Flag, Received Data Available, 
Transmitter Holding Register Empty and Modem Status. The 
INTRPT signal is reset low upon the appropriate interrupt 
service or a Master Reset operation. 

DESCRIPTION 

Serial Input: Input for serial data from the communications 
link (peripheral device, modem or data set). 

Serial Output: Output for serial data to the communications 
link (peripheral device,modem ordata set). This signal is set 
high upon a Master Reset. 

DESCRIPTION 

Request To Send: This output is programmed by bit 1 of the 
Modem Control Register and is used in modem handshaking 
to signify that the UART has data to transmit. This signal is 
set high upon Master Reset or during loop mode operation. 

Clear To Send: A modem status input whose condition 
corresponds to the complement of the CTS bit (bit 4) of the 
Modem Status Register. When CTS is low, it indicates that 
communications have been established and that data maybe 
transmitted. 

Data Terminal Ready: This output is programmed by bit 0 of 
the Modem Control Register, and is used in modem hand-
shaking to signify that the UART is available to communicate. 
This signal is set high upon Master Reset orduring loop mode 
operation. 

Data Set Ready: A modem status input whose condition 
corresponds to the complement of the DSR bit (bit 5) of the 
Modem Status Register. When DSR is low, it indicates that 
the modem is ready to establish communications. 
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SSI73M450/450F 
Universal Asynchronous 
ReceiverlTransmitter 

MODEM CONTROL (Continued) 

NAME DIP PLCC TYPE 

DCD 38 42 I 

RI 39 43 I 

OUT1 34 38 0 
OUT2 31 35 0 

GENERAL & CLOCKS 

NAME DIP PLCC TYPE 

VCC 40 44 I 

VSS 20 22 I 

MR 35 39 I 

XIN, XOUT 16,17 18,19 1/0 

RCLK 9 10 I 

BAUDOUT 15 17 0 

NC 29 1,12 -
23,34 

DESCRIPTION 

Data Carrier Detect: A modem status input whose condition 
corresponds to the complement of the DCD bit (bit 7) of the 
Modem Status Register. When DCD is low, it indicates that 
the modem is receiving a carrier. 

Ring Indicator: A modem status input whose condition 
corresponds to the complemen~f the RI bit (bit 6) of the 
Modem Status Register. When RI is low, it indicates that a 
telephone ringing signal is being received. 

Output 1, 2: User designated outputs that can be set to an 
active low by setting bit 2 (OUT1) or bit 3 (OUT2) ofthe Modem 
Control Register high. These output signals are set high upon 
Master Reset or during loop mode operation. 

DESCRIPTION 

+5V Supply, ±10%: Bypass with 0.1 ~F capacitor to VSS. 

System Ground. 

Master Reset: When high, this input clears all UART control 
logic and registers, except for the Receiver Buffer, Transmit-
ter Holding and Divisor Latches; also, the state of output 
signals SOUT, INTRPT, OUT1, OUT2, RTS and DTR are 
affected by an active MR input. This input is buffered with a 
TTL-compatible Schmitt Trigger. 

External System Clock 1/0: These two pins connect the main 
timing reference (crystal or signal clock) to the UART. Addi-
tionally, XIN may be driven by an external clock source. 

Receiver Clock: This input is the 16X baud rate clock for the 
receiver section of the Chip. 

Baud Generator Output: 16X clock signal for the transmitter 
section of the UART, equal to the main reference oscillator 
frequency divided by the specified divisor in the Baud Gen-
erator Divisor Latches. May also be used for the receiver 
section by tying this output to the RCLK input of the Chip. 

No Connection: These pins have no internal connection 
and may be left floating. 
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SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

TABLE 1: COntrol Register Address Table 

DLAB A2 A1 AO REGISTER 

0 0 0 0 Receiver Buffer (read). Transmitter Holding Register (write) 

0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 1 Line Control 

X 1 0 0 Modem Control 

X 1 0 1 Line Status 

X 1 1 0 Modem Status 

X 1 1 1 Scratch 

1 0 0 0 Divisor Latch (least significant byte) 

1 0 0 1 Divisor Latch (most significant byte) 

TABLE 2: UART Reset Functions 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Interrupt Enable Register Master Reset All bits low (0-3 forced and 4-7 perma-
nent) 

Interrupt Identification Register Master Reset Bit 0 is high; bits 1 & 2 are low; bits 3-7 
are permanently low 

Line Control Register Master Reset All bits low 

Modem Control Register Master Reset All bits low 

Line Status Register Master Reset All bits low. except bits 5 & 6 are high 

Modem Status Register Master Reset Bits 0-3 are low; bits 4-7 = input signal 

SOUT Master Reset High 

INTRPT (RCVR Errs) Read LSR/MR Low 

INTRPT (RCVR Data Ready) Read RBR/MR Low 

INTRPT (THRE) Read IIR1Write THRlMR Low 

INTRPT (Modem Status Changes) Read MSRlMR Low 

OUT2 Master Reset High 

RTS Master Reset High 

DTR Master Reset High 

OUT1 Master Reset High 
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SSI73M450/450F 
Universal Asynchronous 
ReceiverlTransmitter 

CONTROL REGISTER OVERVIEW 

REGISTER 

REGISTER ADDRESS 
D7 06 (A2-AO) 

&DLAB 

RECEIVER 
BUFFER RBR 000 BIT7 BIT6 REGISTER DLAB _0 (MSB) 

(READ ONLY) 

TRANSMIT 
HOLDING THR 000 BIT7 BIT6 REGISTER DLAB-O (MSB) 

(WRITE ONlY) 

INTERRUPT 
ENABLE IER 001 0 0 

REGISTER DLAB-O 

INTERRUPT 
ID IIR 010 

REGISTER DLAB-X 0 0 

(READ ONLY) 

LINE DIVISOR 

CONTROL LCR 011 LATCH SET 

REGISTER DLAB-X ACCESS BREAK 
(DLAB) 

MODEM 100 CONTROl MCR DLAB_X 0 0 
REGISTER 

LINE TRANSMIT-
STATUS LSR 101 0 TER EMPTY 

REGISTER DLAB-X (TEMT) 

MODEM DATA 
STATUS 110 CARRIER 

RING 
REGISTER MSR DLAB_X DETECT 

INDICATOR 
(READ ONLY) (DCD) 

(RI) 

SCRATCH SCR 111 BIT 7 BIT6 REGISTER DLAB_X 

DIVISOR 000 LATCH Dll DLAB_l BIT 7 BIT 6 
(LS) 

DIVISOR 001 LATCH DLM DLAB_l BIT1S BIT 14 
(MS) 

D5 

BIT5 

BITS 

0 

0 

STICK 
PARITY 

0 

TRANSMIT 
HOLDING 
REGISTER 

EMPTY(THRE) 

DATA 
SET READY 

(DSR) 

BIT 5 

BIT5 

BIT 13 
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DATA BIT NUMBER 

D4 D3 D2 Dl DO 

BIT 4 BIT 3 BIT 2 BIT 1 BIT 0 
(LSB) 

BIT 4 BIT 3 BIT 2 BIT 1 BITO 
(LSB) 

ENABLE ENABLE ENABLE ENABLE 

0 MODEM REC. LINE THR REC. DATA 
STATUS STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT 'O'IF 
0 0 ID ID INTERRUPT 

BIT 1 BIT 0 PENDING 

EVEN PARITY 
NUMBER WORD WORD 

PARITY ENABLE 
OFSTOP LENGTH LENGTH 

SelECT (PEN) 
BITS SELECT 1 SelECT 0 

(EPS) (STB) (WLS1) (WLSO) 

REQUEST DATA 
TERMINAL LOOP OUT2 OUTl TO SEND READY 

(ATS) (DTR) 

BREAK FRAMING PARITY OVERRUN DATA 
INTERRUPT ERROR ERROR ERROR READY 

(BI) (FE) (PE) (OE) (DR) 

DELTA TRAILING DelTA DELTA CLEAR 
DATA CARR. EDGE RING DATASET CLEAR TO SEND 

DETECT . INDICATOR READY TO SEND (CTS) 
(DDCD) (TERI) (DDSR) (DCTS) 

BIT 4 BIT3 BIT2 BIT 1 BIT 0 

BIT 4 BIT 3 BIT2 BIT 1 BITO 

BIT 12 BIT 11 BIT 10 BIT 9 BIT8 
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REGISTER BIT DESCRIPTIONS 

SSI 73M450/450F 
Universal Asynchronous 

ReceiverlTransmitter 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
UART ADDRESS: A2 - AD = ODD, DLAB = 0 

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

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
UART ADDRESS: A2 - AD = ODD, DLAB = 0 

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

INTERRUPT ENABLE REGISTER (IER) 
UART ADDRESS: A2 - AD = 001, DLAB = 0 

This a-bit register enables the four types of interrupts of the UART to separately activate the chip Interrupt 
(INTR PT) output signal. It is 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) INTRPToutputfromthechip. All other system functions operate intheirnormal manner, including 
the setting of the Line Status and Modem Status Registers. 

BIT NAME CONDo DESCRIPTION 

DO Received Data 1 This bit enables the Received Data Available Interrupt 
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 
Status Interrupt Interrupt when set to logic .1. 

D3 Modem Status 1 This bit enables the Modem Status Interrupt when set to 
logic 1. 

D4- D7 Not Used 0 These three bits are always logic O. 
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SSI 73M450/450F 
Universal Asynchronous 
ReceiverlTransmitter 

INTERRUPT ID REGISTER (IIR) (READ ONLY) 
UART ADDRESS: A2 - AO = 010 

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

BIT NAME CONDo DESCRIPTION 

DO Interrupt Pending 0 This bit can be used in either a hardwired prioritized or polled 
environment to indicate whether an interrupt is pending. 
When bit 0 is a logic 0, an interrupt is pending and the IIR 
contents may be used as a pointerto the appropriate interrupt 
service routine. 

1 When bit 0 is a logic 1, no interrupt is pending. 

01,02 Interrupt 10 bits 0, 1 Table These two bits of the IIR are used to identify the highest 
below priority interrupt pending as indicated in the following table. 

03 - 07 Not Used 0 These five bits of the IIR are always logic O. 

INTERRUPT PRIORITY TABLE 

02 01 DO PRIORITY TYPE SOURCE RESET 

0 0 1 - None None N/A 

1 1 0 Highest Receiver Line Overrun Error, Reading the Line 
Status Parity Error, Status Register 

Framing Error or 
Break Interrupt 

1 0 0 Second Receive Data Receive Data Reading the Rcvr. 
Available Available Buffer Register 

0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register 
Register Empty Register Empty (if source of interrupt) 

or Writing to Transmit 
Holding Register 

0 0 0 Fourth Modem Status Clear to Send or Reading the Modem 
Data Set Ready or Status Register 
Ring Indicator or 
Data Carrier Del. 
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LINE CONTROL REGISTER (LCR) 
UART ADDRESS: A2 - AO = 011 

551 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

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 NAME CONDo DESCRIPTION 

00 Word Length Bits 00 and 01 select the number of data bits per character 
Select 0 (WLSO) as shown: 

01 Word Length 01 00 Word Length 

Select 1 0 0 5 bits 

(WLS1) 0 1 6 bits 

1 0 7 bits 

1 1 8 bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each trans-
(STB) mitted character. If bit 2 is a logic 0, one stop bit is generated 

in the transmitted data. If bit 2 is 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, regardless ofthe numberof stop 
bits selected. 

03 Parity Enable 1 This is the Parity Enable (PEN) bit. When set to a logic 1, a 
(PEN) 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). 

04 Even Parity Select 10rO This is the Even Parity Select (EPS) bit. When bit 3 is a 
(EPS) logic 1 and bit 4 is a logic 0, an odd number of logic 1's is 

transmitted or checked in the data word bits and parity bit. 
When bit 3 is a logic 1 and bit 4 is a logic 1, an even number 
of logic 1's is transmitted or checked. 
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SSI73M450/450F 
Universal Asynchronous 
ReceiverlTransmitter 

LINE CONTROL REGISTER (LCR) (Continued) 

BIT NAME CONDo DESCRIPTION 

D5 Stick Parity 1 or 0 This 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 O. 

D5 D4 Parity 

0 0 ODD Parity 

0 1 EVEN Parity 

1 0 MARK Parity 

1 1 SPACE Parity 

D6 Set Break 1 This is the Break Control bit. When set to a logic 1, the serial 
out (SOUT) is forced to a logic 0 state. The break is disabled 
by setting bit 6 to a logic O. This bit acts only on SOUT and 
has no effect on the transmitter logic. See note below. 

D7 Divisor latch Access 1 The Divisor latch Access Bit (DlAB) must be set high 
Bit (DLAB) (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 Holding 
Register, or the Interrupt Enable Register. 

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

1. load an all O's pad character in response to THRE. 

2. Set break in response to the next THRE. 

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

During the break, the Transmitter can be used as a character timer to accurately establish the break 
duration. 
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SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

MODEM CONTROL REGISTER (MCR) 
UART ADDRESS: A2 - UAO = 100 

The Modem Control Register controls the interface with the modem, data set or peripheral device. Bits 
01 and 00 are also available as read only bits in the UART Control Register in the Modem Registers. 

BIT NAME CONDo DESCRIPTION 

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

D1 RTS 1 This bit controls the Request to Send (RTS) output. When bit 1 is set 
to a logic 1, the RTS output is forced to a logic O. When bit 1 is reset to 
a logic 0, the RTS output is forced to a logic 1 . 

D2 OUT1 1 This bit controls the Output 1 (OUT1) signal, which is an auxiliary user-
designated output. When bit 2 is set to a logic 1, the OUT1 output is 
forced to a logic O. When bit 2 is reset to a logic 0, the OUT1 output is 
forced to a logic 1. 

03 OUT2 0 This bit controls the Output 2 (OUT2) signal, which is an auxiliary user-
designated output. When bit 3 is set to a logic 1, the OUT2 output is 
forced to a logic O. When bit3 is reset to a logic 0, OUT2 output is forced 
to a logic 1. 

D4 LOOP 1 This bit provides a localloopback feature for diagnostic testing of the 
UART. When bit 4 is set to logic 1, the following occurs: the transmitter 
Serial Output (SOUT) is set to the logic 1 state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the four Modem 
Control inputs (CTS, OSR, OCD and RI) are disconnected; the four 
Modem Control outputs (DTR, RTS, OUT1 and OUT2) are internally 
connected to the four Modem Control inputs, and the Modem Control 
output pins are forced to their inactive state (high). In the diagnostic 
mode, data that is transmitted is immediately received. This feature 
allows the processor to verify the transmit and received-data paths of 
the UART. 

In the diagnostic mode, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also operational, but the 
interrupts' sources are now the lower four bits of the Modem Control 
Register instead of the four Modem Control inputs. The interrupts are 
still controlled by the Interrupt Enable Register. 

05-07 0 These bits are permanently set to logic O. 
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SSI 73M450/450F 
Universal Asynchronous 
ReceiverlTransmitter 

LINE STATUS REGISTER (LSR) 
UART ADDRESS: A2· AO = 101 

This register provides status information to the CPU concerning the data transfer. Bits 1-4 are the error 
conditions that produce a Receiver Line Status interrupt whenever any of the corresponding conditions are 
detected. The Line Status Register is intended for read operation only. Writing to this register is not 
recommended as this operation is used for factory testing. 

BIT NAME CONDo 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. DR is reset to 0 by reading the data in the Receiver Buffer 
Register. 

D1 OE 1 The Overrun Error (OE) bit indicates that the data in the Receiver Buffer 
Register was not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby destroying the 
previous character. OE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

D2 PE 1 The Parity Error (PE) bit indicates that the received character did not 
have the correct parity. PE is reset to 0 whenever the CPU reads the 
Line Status Register. 

D3 FE 1 The Framing Error (FE) bit indicates that the received character did not 
have a valid stop bit. FE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

D4 BI 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). BI is reset to 0 whenever the CPU reads the Line 
Status Register. 

D5 THRE 1 The Transmit Holding Register Empty (THRE) is set to a logic 1 when 
a character is transferred from the Transmit Holding Regsiter into the 
Transmit Shift Register, indicating that the UART is ready to accept a 
new character for transmission. In addition, this bit causes the UART 
to issue an interrupt to the CPU when the THRE Interrupt enable is set 
high. THRE is reset to 0 when the CPU loads a character into the 
Transmit Holding Register. 

D6 TEMT 1 The Transmit Empty (TEMT) indicates that both the Transmit Holding 
Register and the Transmit Shift Registers are empty. TEMT is reset to 
o whenever the TSR or THR contains a data character. 

D7 - 0 Always zero. 
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SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

MODEM STATUS REGISTER (MSR) (READ ONLY) 
UART ADDRESS: A2 - AD = 110 

This register provides the current state ofthe control signals from the modem or peripheral device. In addition, 
four bits provide change information. Whenever bit 0, 1,2 or 3 is set to logic 1, a Modem Status Interrupt is 
generated; reset to logic 0 occurs whenever they are read. In Loop Mode CTS, DSR, RI and DCD are taken 
from RTS, DTR, OUT1, and OUT2 in the Modem Control Register respectively. 

BIT NAME CONDo 

DO DCTS 1 

D1 DDSR 1 

D2 TERI 1 

D3 DDCD 1 

D4 CTS 1 

D5 DSR 1 

D6 RI 1 

D7 DCD 1 

SCRATCH REGISTER (SCR) 
ADDRESS: A2 - AD = 111 

DESCRIPTION 

The Delta Clear to Send (DCTS) bit indicates that t~e CTS input to the 
chip has changed state since the last time it was read by the CPU. 

The Delta Data Set Ready (DDSR) bit indicates thatthe DSR inputtothe 
chip has changed state since the last time it was read by the CPU. 

The Trailing Edge of the Ring Indicator (TERI) detect bit indicates that 
the RI input to the chip has changed from an Off (logic 0) to an On (logic 
1) condition. 

The Delta Data Carrier Detect (DDCD) bit indicates that the DCD input 
to the chip has changed state. 

This bit is the complement of the Clear To Send (CTS) input. If bit 4 
(loop) of the MCR is set to a 1, this bit is equivalent to RTS in the MCR. 

This bit is the complement of the Data Set Ready (DSR) input. If bit 4 
of the MCR is set to a 1, this bit is the equivalent of DTR in the MCR. 

This bit is the complement of the Ring Indicator (RI) input. If bit 4 of the 
MCR is set to a 1, this bit is equivalent to OUT1 in the MCR. 

This bit is the complement of the Data Carrier Detect (DCD) input. If bit 
4 of the MCR is set to a 1, this bit is equivalent to OUT2 in the MCR. 

This 8-bit ReadIWrite Register does not control the UART in any way. It is intended as a scratchpad register 
to be used by the programmer to hold data temporarily. 

DIVISOR LATCH (LS) (DLL) 
ADDRESS: A2 - AD = ODD, DLAB = 1 

This register contains the least significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

DIVISOR LATCH (MS) (DLM) 
ADDRESS: A2 - AD = 001, DLAB = 1 

This register contains the most significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 
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PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud Generator that is capable of taking any clock input (DC to 4 MHz) 
and dividing it by any divisor from 1 to 216_1. The output frequency of the Baud Generator is 16 x the Baud 
[divisor # = (frequency input)/(baud rate x 16)). Two 8-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization in order to ensure desired operation of the Baud 
Generator. Upon loading either of the Divisor Latches, a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 3 and 4 illustrate the use ofthe Baud Generatorwith crystalfrequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of the desired 
baud rate is dependent on the crystal frequency chosen. 

Note: The maximum operating frequency of the Baud Generator is 4 MHz. However, when using divisors of 
3 and below, the maximum frequency is equal to the divisor in MHz. For example, if the divisor is 1, then the 
maximum frequency is 1 MHz. In no case should the data rate be greater than 56K Baud. 

TABLE 3: Baud Rates Using 1.8432 MHz Crystal 

DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 16 X CLOCK DESIRED AND ACTUAL 

50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 

150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 

2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86 
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TABLE 4: Baud Rates Using 3.072 MHz Crystal 

DIVISOR USED 
DESIRED TO GENERATE 

BAUD RATE 16 X CLOCK 

50 3840 

75 2560 

110 1745 

134.5 1428 

150 1280 

300 640 

600 320 

1200 160 

1800 107 

2000 96 

2400 80 

3600 53 

4800 40 

7200 27 

9600 20 

19200 10 

38400 5 
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PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 

-
-

0.026 

0.034 

-
-
-
-

0.312 

-
-

0.628 

-
1.23 

-
-
-



SSI73M450/450F 
Universal Asynchronous 
Receiver/Transmitter 

EXTERNAL 
ClOCK 

OPTIONAL 
ClOCK 
OUTPUT 'OUT 

'"=" osc. ClOCK TO 
BAUD GEN. LOGlC 

FIGURE 1: Typical Clock Circuits 

TYPICAL CRYSTAL OSCILLATOR NETWORK 

CRYSTAL RP RX2 

1.8-3.1 MHz 1 Mil 1.5K 

ABSOLUTE MAXIMUM RATINGS 

'OUT 

C1 

10-30 pF 

SC. CLOCK TO 
BAUD GEN. lOGIC 

C2 

40-60 pF 

(TA = -40oe to +85°e, vee = 5V ± 10%, unless otherwise noted. Operation above absolute maximum 
ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

vee Supply VoHage +14V 

Storage Temperature -65°e to 1500 e 

Lead Temperature Soldering, 10 sec. 2600 e 

Applied VoHage -0.3 to Vee + 0.3 
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DC CHARACTERISTICS 

SSI 73M450/450F 
Universal Asynchronous 

ReceiverlTransmitter 

(TA = -40°C to +85°C, VCC = 5V ± 10%, unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VILX Clock input Low voHage -D.5 0.8 V 

VIHX Clock input High VoHage 2.0 Vcc V 

VIL Input Low Voltage -D.5 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low VoHage IOL=4.0 rnA 004 V 
(except XOUT) 

VOH Output High Voltage 10H = 5.0 rnA on all 204 V 
outputs except XOUT 

ICC Average Power Supply See Note 1 5 10 rnA 

Current See Note 2 50 J.IA 
ilL Input Leakage VCC=5.25V, VSS=OV. ±10 J.IA 

All other pins floating. 

ICL Clock Leakage VIN=OV, 5.25V ±10 J.IA 
10Z 3-State Leakage VCC=5.25V, VSS=OV, ±20 J.IA 

VOUT =OV, 5.25V 
1) Chip deselected 
2) Chip & write mode 
selected 

VILMR MR Schmitt VIL 0.8 V 

VIHMR MR Schmitt VIH 2.0 V 

Note 1: VCC = 5.25V, TA = 25°C; No loads on outputs. SIN, DSR, DCD, CTS, RI = 2AV. All other inputs 
= OAV. Baud Rate Gen. = 4 MHz; Baud Rate = 50 KHz. 

Note 2: VCC = 5.5V, TA = -40°C; No output load; CMOS-level inputs, XIN = Vcc 

CAPACITANCE 
(TA = 25°C, VCC = VSS = OV, fc = 1 MHz, unmeasured pins returned to VSS) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CXTAL2 Clock Input Capacitance 15 20 pF 

CXTAL1 Clock Output Capacitance 20 30 pF 

CI Input Capacitance 6 10 pF 

CO Output Capacitance 10 20 pF 
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FIGURE 2: External Clock Input* (4 MHz Maximum) 

1The 2.4V and O.4V levels are the voltages that the inputs are driven to during AC testing. 

9he 2.0V and O.BV levels are the voltages at which timing tests are made. 

FIGURE 3: AC Test Points" 

"All timings are referenced to valid 0 and valid 1. 

AC CHARACTERISTICS (TA = -40°C to +85°C, VCC = 5V ± 10%, unless otherwise noted.) 

READ & WRITE CYCLE (Refer to Figures 4 & 5.) 

PARAMETER CONDITIONS 73M450 73M450F 

MIN MAX MIN MAX 

tADS Address Strobe Width 60 50 

tAS Address Setup Time 60 30 

tAH Address Hold Time· 0 0 

tCS Chip Select Setup Time 60 30 

tCH Chip Select Hold Time 0 0 

tCSC Chip Select Output Delay 100 pF load 100 80 
from Select See Note 3 

tCSR RD, RD Delay from Chip Select See Note 3 50 30 

tAR RD, RD Delay from Address See Note 3 60 30 
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READ & WRITE CYCLE (Continued) 

PARAMETER 

tRD RD, RD Strobe Width 

tRC Read Cycle Delay 

tAD Address to Read Data 

RC Read Cycle 

tRDD RD, RD to Driver 
Disable Delay 

tRVD Delay from RD, RD to Data 

tHZ RD, RD to Floating Data Delay 

tRA Address Hold Time 
from RD, RD 

tRCS Chip Select Hold Time 
from RD, RD 

tCSW WR, WR Delay from Select 

tAW WR, WR Delay from Address 

tWR WR, WR Strobe Width 

tWC Write Cycle Delay 

WC Write Cycle=tAW+tWR+tWC 

IDS Data Setup Time 

IDH Data Hold Time 

tWA Address Hold Time 
fromWR, WR 

tWCS Chip Select Hold time 
fromWR, WR 

tMRW Master Reset Pulse Width 

tXH Duration of Clock High Pulse 

tXL Duration of Clock Low Pulse 

Note 1: RC = tAR + tRD + tRC for 73M450 
RC = tAD + tRC for 73M450F 

CONDITIONS 

73M450F only 

See Note 1 

100 pF load 
See Note 2 

100 pF load 

100 pF load 
See Note 2 

See Note 3 

See Note 3 

See Note 3 

See Note 3 

See Note 3 

See Note 3 

External Clock 
(4 MHz max.) 

External Clock 
(4 MHz max.) 

551 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

73M450 73M450F UNITS 

MIN MAX MIN MAX 

125 80 ns 

175 50 ns 

NA 160 ns 

360 210 ns 

60 50 ns 

125 80 ns 

0 100 0 60 ns 

20 20 ns 

20 20 ns 

50 30 ns 

60 30 ns 

100 80 ns 

200 50 ns 

360 160 ns 

40 30 ns 

40 30 ns 

20 20 ns 

20 20 ns 

5 1 J.IS 

100 100 ns 

100 100 ns 

Note 2: Charge and discharge time is determined by VOL, VOH and the external loading. 
Note 3: Applicable only when ADS is tied low. 
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'--tADS--' 

~ 
\. / 

t. 

~tAS--' ~tAH 

A2-AO ~~~ ~v ~~ VALID FOR NO 7UiS 
~\ VALID II\, If\.--

~,CS1,CSO 

CSOUT 

RD, FID 

WR,WR 

DDIS 

DATA 
00-07 

~ 
J 

------- --

I' 

'73M450F only 

~tRA-j 

f§ *-tCH 

~;-
\. VALID X VALID FOR NO 7UiS 

1'-
*-tRCS-f 

It=:~~~ ____ \~1 
\ 

\ 

,'-'-------------- ---------------

tCSR RC 

tAR tRD tRC 

v 
IK ACTIVE J:E 

-. tROD .- -j tROD .-

\, t. 
\. I 

~ ---=! tHZ r-
tAD' hi 

VALID 

FIGURE 4: Read Cycle Timing 
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OR 
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~,CS1,CSO 

CSOUT 

tAH 

tCH 

VALID FOR NO ADS" 

VALID FOR NO ADS" 

SSI 73M450/450F 
Universal Asynchronous 

ReceiverlTransmitter 

------- -- -----~~----!I ,-----+-----
\ 

__ -+--+-___ ---.J '\ •. ______________ _ _____________ _ 

____ ~====~tA~w====~~~~~====~~~c==~~.I----~ ~--CSW----~------~----WC-----~-----~~ 

OR, WI! ; t <en,. 

--------------------------+-----------;)?~----~~~---
RD, 1m _________________________ -+ __________ -;)~~-------.JX ACTIVE 

!4-tDS tDH~ 

D~":..T~7 ----------------------~~ ~~~~ -~~---

FIGURE 5: Write Cycle TIming 
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AC CHARACTERISTICS (Continued) 

TRANSMITTER (Refer to Figure 6.) 

PARAMETER 

tHR Delay from rising edge of 
WR, WR (WR THR)to Reset 
Interrupt 

tlRS Delay form Initial INTR Reset 
to Transmit Start 

tSI Delay from Initial Write 
to Interrupt 

tSTI Delay from Stop to Interrupt 
(THRE) 

tlR Delay from RD, RD (RD IIR) 
to Reset Interrupt (THRE) 

CONDITIONS 

100 pF load 

100 pF load 

MIN MAX UNITS 

175 ns 

24 40 BAUDOUT 
cycles 

16 32 BAUDOUT 
cycles 

8 8 BAUDOUT 
cycles 

250 ns 

SERIAL OUT 
(SOUT) 

~START/'-o-"T-A-BIT-S-{5-8-)-~_TAR..J.t,--____ _ 

IIRS I; ''---J tSTI-J ' 

INTERRUPT 
(THRE) 

WR.WR 
(WRTHR) 
{NOTE 1) 

~.m ____________________________ rL-tIR (ROIIR) 
{NOTE 2) 

NOTES: 

1. SEE WRITE CYClE TIMING 
2. SEE READ CYCLE TIMING 

FIGURE 6: Transmitter Timing 
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AC CHARACTERISTICS (Continued) 

MODEM CONTROL (Refer to Figure 7.) 

PARAMETER 

tMDO 

tSIM 

tRIM 

Delay from WR, WR (WR MCR) 
to Output 

Delay to Set Interrupt 
from Modem Input 

Delay to Reset Interrupt 
from RD, RD (RS MSR) 

WR.WR" 
(WRMCR) 

(NOTE 1) 

INTERRUPT 

RD. 1m 
(RDMSR) 
(NOTE 2) _____ .J 

m 
NOTES: 

1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 

CONDITIONS 

100 pF load 

100 pF load 

100 pF load 

SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

MIN MAX UNITS 

200 ns 

250 ns 

250 ns 

FIGURE 7: Modem Controls Timing 
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AC CHARACTERISTICS (Continued) 

BAUD GENERATOR (Refer to Figure 8.) 

PARAMETER 

N Baud Divisor 

tBLD Baud Output Negative 
Edge Delay 

tBHD Baud Output Positive 
Edge Delay 

tLW Baud Output Down Time 

tHW Baud Output Up Time 

XIN 

CONDITIONS 

100 pF load 

100 pF load 

fX=2 MHz, div. by 2, 
100 pF load 

fX=3 MHz, div. by 3, 
100 pF load 

tBLD--.t I+- --.t I+-IHW 

t!AtJOOOl' 
(DIV.BY1) 

1'I7illOOIJT 
(DIV.BY2) 

t!AtJOOOl' 
(DlV.8Y3) 

--.t !+-tLW 

-+I tLW I+-

--.t IHW I+-

-+I I+-tBLD --.t I+-tBHD --.t tHW 14- tLw---.t 

MIN MAX 

1 2'6_1 

125 

125 

425 

250 

-+I I+-tBLD --.t I+-tBHD ~) .1 IHW = (N-2) XIN CYCLES 

(~II r ------, I 
~14 ===41.1 tLW = 2 XIN CYCLES 

FIGURE 8: BAUDOUT Timing 
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SSI 73M450/450F 
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AC CHARACTERISTICS (Continued) 

RECEIVER (Refer to Figure 9.) 

PARAMETER CONDITIONS MIN MAX UNITS 

tSCD Delay from RCLK to 2 !JS 
Sample Time 

tSINT Delay from Stop to RCLK=tXH & tXL 1 RCLK 
Set Interrupt cycles 

tAINT Delay from RD, RD 100 pF load 1 !JS 
(RD RBR/RDLSR) to 
Reset Interrupt 

RCLK ~c-----fL 
14 B CLKS ~I j4- lSCD 

SAMPLECLK IL 
SIN 

~~ (RECEIVER 
INPUT DATA) 

\ START ~(5-B) STOP 

SAMPLECLK I I I I I I I I I I I r~ u, 
lSINT-.! .... 

INTERRUPT 
(DATA READY 7 f\-OR RCVRERR) 

RD. 1m" 
lRINT~ 

(SEE NOTE) V--
(READ REC ACTIVE 

1"---DATA BUFFER -
OR RDLSR) 

NOTE: SEE READ CYCLE TIMING 

FIGURE 9: Receiver Timing 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

SIN 

SOUT 

CSO 

CS1 

~ 

l!AlJliOOI' 

XIN 

XOUT 

Wli 

WR 

VSS 

40· Pin DIP 

vee 

INlRPT 

NC 

AO 

A1 

A2 

~ 

CSOUT 

OOIS 

RO 

ORDERING INFORMATION 

PART DESCRIPTION 

881 73M450 40-pin PDIP 

44-pin PLCC 

881 73M450F 40-pin PDIP 

44-pin PLCC 

SSI 73M450/450F 
Universal Asynchronous 

Receiver/Transmitter 

6 5 .. :I 2 1 .... 43 42 4' 40 

o 

SSI73M450 

1. 20 21 22 23 24 2S 

44· Pin PlCC 

ORDER NO. PKG.MARK 

881 73M450-IP 73M450-IP 

881 73M450-IH 73M450-IH 

881 73M450F-IP 73M450F-IP 

881 73M450F-IH 73M450F-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, 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. 
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DESCRIPTION 
The 881 73M450L is an enhanced version of the 
S81 73M450 Universal Asynchronous Receiverl 
Transmitter (UART). The enhancement allows the 
chip to be placed into low-power operation by shutting 
off the crystal oscillator. The 881 73M450LF is a fast 
version of the Chip. Both versions require a single 5V 
supply, and are available in 40-pin DIP and 44-pin 
PLCC. 

551 73M450U450LF 
Universal Asynchronous 

Receiver/Transmitter 

June, 1989 

FEATURES 

• Pin and register compatible with the SSI 
73M450/450F 

• Bit programmable oscillator disable provides a 
shut-down mode while retaining memory 

• High drive current for directly driving large 
loads 

• Available In 4O-pln DIP and 44-pln PLCC 

BLOCK DIAGRAM PIN DIAGRAM 
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00 

01 

02 

03 

D4 

os 
os 

07 

RCLK 

SIN 

SOUT 

CSC 

CS1 

<:S2 

lli\llOOIJT 

XIN 

XOUT 

WI'{ 

WR 

VSS 

INTRPT 

NC 

NJ 

A1 

A2 

~ 

CSOUT 

ODiS 

RO 

1m 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 
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CONTROL REGISTER OVERVIEW 

REGISTER 

REGISTER ADDRESS 
D7 D6 (A2·AO) 

&DLAB 

RECEIVER 
BUFFER 

RBR 000 BfT7 
BfT6 REGISTER DLAB-O (MSB) 

(READ ONLY) 

TRANSMIT 
HOLDING 

THR 000 BfT7 BfT6 REGISTER DLAB_O (MSB) 
(WRfTE ONLY) 

INTERRUPT 
ENABLE IER 001 0 0 DLAB-O REGISTER 

INTERRUPT 
ID fiR 010 0 0 REGISTER DLAB-X 

(READ ONLY) 

LINE DIVISOR 

CONTROL LCR 011 LATCH SET 

REGISTER 
DLAB _ X ACCESS BREAK 

(DLAB) 

MODEM .. 100 CONTROL MCR DLAB- X OSCOA' 0 
REGISTER 

LINE TRANSMIT· 
STATUS LSR 101 0 TEREMPTY 

REGISTER DLAB-X (TEMT) 

MODEM DATA RING STATUS MSR 110 CARRIER INDICATOR REGISTER DLAB-X DETECT 
(READ ONLy) (DCD) (RI) 

SCRATCH 
SCR 111 BfT7 BIT6 REGISTER DLAB_X 

DIVISOR 000 LATCH DLL DLAB_l BfT7 BfT6 
(LS) 

DIVISOR 001 LATCH DLM DLAB-l BfT1S BfT14 
(MS) 

POWER SHUT-DOWN OPERATION 

DS 

BfTS 

BfTS 

·SSIMOOE 

0 

STICK 
PARITY 

0 

TRANSMIT 
HOLDING 

REGISTER 
EMPTY (THRE) 

DATA 
SET READY 

(DSR) 

BfTS 

BfT S 

BfT13 

DATA BfT NUMBER 

D4 D3 D2 Dl DO 

BIT4 BfT 3 BfT2 BfT 1 BfTO 
(LSB) 

BfT4 BfT 3 BIT2 BIT 1 BfTO 
(LSB) 

ENABLE ENABLE ENABLE ENABLEREC. 

0 MODEM REC.lINE THR DATA 
STATUS STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT "0- IF 
0 0 ID ID INTERRUPT 

BIT 1 BfTO PENDING 

EVEN PARfTY NUMBER WORD WORD 
PARITY ENABLE 

OF STOP LENGTH LENGTH 
SELECT (PEN) BITS SELECT 1 SELECT 0 

(EPS) (STB) (WLS1) (WLSO) 

REQUEST DATA 
TERMINAL 

LOOP OlfT2 OlfTl TO SEND READY (RTS) (DR) 

BREAK FRAMING PARITY OVERRUN DATA 
INTERRUPT ERROR ERROR ERROR READY 

(BI) (FE) (PE) (OE) (DR) 

CLEAR DELTA TRAILING DELTA DELTA 
TO DATA CARR. EDGE RING DATASET CLEAR 

SEND DETECT INDICATOR READY TO SEND 
(CTS) (DDCD) (TERI) (DDSR) (DCTS) 

BfT 4 BIT3 BfT2 BIT 1 BfTO 

BfT4 BfT3 BIT 2 BfTl BfTO 

BfT12 BfTll BIT10 BIT9 BfTa 

The oscillator of the 881 73M450U450LF is placed into power shut-down by setting bits D5 of the Interrupt 
Enable Register (IER) and D7 of the Modem Control Register (MCR) to a "1." During shut-down, the contents 
of all registers are retained. Resetting bit D7 of the MCR returns the chip to normal operation. 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

SIN 

sour 

eso 

eS1 

XIN 

xour 

WR 

WR 

vss 

40· Pin DIP 

vee 

lIT 

= 
llSR 

= 
MR 

00lT 

01R 

INTR?T 

Ne 

Ml 

esOUT 

OOIS 

RO 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI73M450L 40-pin PDIP 

44-pin PLCC 

SSI 73M450LF 40-pin PDIP 

44-pin PLCC 

551 73M450L/450LF 
Universal Asynchronous 

Receiver/Transmitter 

0 
0 § ~ ~ 1! '" N Q 0 0 Iii: c c c z > 

6 5 4 3 2 1 44 43 42 41 

0 MR 

00Tf 

llTR" 

1m 

= 
NC SSI73M4S0L 34 NC 

33 INTRPT 

esc NC 

30 A1 

I!AUllOUT 29 A2 
19 20 21 22 23 24 2S 26 27 28 

z !5 ~ a: In !1 ~ c ~ !5 ~ x ~ ~ a: 
!l c 0 

In 
0 

44· Pin PLCC 

ORDER NO. PKG.MARK 

SSI 73M450L-IP 73M450L-IP 

SSI 73M450L-IH 73M450L-IH 

SSI 73M450LF-IP 73M450LF-IP 

SSI 73M450LF-IH 73M450LF-IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, 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. 
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DESCRIPTION 
The SSI 73M550 is a Universal Asynchronous Re
ceiverlTransmitter (UART) with receive and transmit 
FIFO buffers. The 16-byte FIFO registers are active 
during the FIFO mode, allowing the UART to reduce 
CPU overhead and accomodate Direct Memory Ac
cess (DMA) transfers. This mode is supported by 
interrupt functions and selectable interrupt trigger lev
els in both the RCVR and TXMR FIFO. 

The 73M550 is functionally identical to the SSI73M450 
in the CHARACTER mode. Pins 24 (CSOUT) and 29 
(NC) of the 73M450 have been replaced by TXRDY 
and RXRDY, respectively, on the 73M550. The chip is 
automatically put into the CHARACTER mode upon 
power-up, and subsequent mode changes are accom
plished via software control. 

The 73M 1550 and 73M2550 are 28-pin versions of the 
73M550. The difference between these versions is 
that 73M2550 adds a ~PRST pin at the expense of the 
XOUT pin. See Figure 17 on page 32 for detail. All 
versions are available in DIP or PLCC and require a 
single 5V supply. 

SSI73M550 
SS173M1550/2550 

UART with FIFOs 

August, 1990 

FEATURES 

• 16 bytes of receive and transmit FIFO buffering 
available In FIFO mode reduces CPU overhead 

• Sup pons DMA transfers with TXRDY and RXRDY 
pins 

• Backwards-compatible with the 73M450 in 
CHARACTER mode 

• Oscillator disable allows a static low-power state 

• Bit-programmable high Impedance state of 
INTRPTpln 

0 High drive current for directly driving large loads 

• Full double buffering 
0 Independent control transmit, receive, line status 

and data set Interrupts 

• Contains modem control functions Including 
CTS, TRS, DSR, DTR, RI and DCD 

• Full status reponing capabilities 
0 Available In 4D-pln DIP, 44-pin PLCC, 28-pln DIP 

and PLCC 

• CMOS design for low-power operation 

BLOCK DIAGRAM 

~ ~ ~hUninnHhn 
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PIN DESCRIPTION 

BUS INTERFACE 

NAME TYPE 

ADS I 

CSO, CS1, I 
CS2 

AO-A2 I 

RD, RD I 

WR,WR I 

DO-D7 1/0 

TXRDY 1/0 

RXRDY 0 

DDIS 0 

DESCRIPTION 

Address Strobe: The rising edge of this signal is used for latching the Register 
Address and Chip Select inputs, thus facilitating interface to a multiplexed 
Address/Data bus. ADS is also required when register address signals (A2, A 1, 
AO) are not stable for the duration of the read or write cycle. If not required, ADS 
should be tied permanently low. 

Chip Select: The UART is selected when CSO and CS1 are high and CS2 is low. 
Chip selection is complete when the decoded chip select signal is latched with the 
rising edge of an active (low) ADS input. This enables communication between 
the UART and the CPU. If ADS is permanently low, then chip select should be 
stabilized for the duration of the tCSW parameter. 

Register Select Address: These pins determine which of the UART registers is 
being selected during a read or write on the UART Data Bus. The contents of the 
DLAB bit in the UART's Line Control Register (see Table 1) also controls which 
register is referenced. 

Read Strobe: A request to read status information ordata from a selected register 
may be made by pulling RD high or RD low while the chip is selected. Since only 
one input is required for a read, tie either RD permanently low or RD permanently 
high if not used. 

Write Strobe: A request to write control words or data into a selected register may 
be made by pulling WR high or WR low while the chip is selected. Since only one 
input is required for a write, tie either WR permanently low or WR permanently high 
if not used. 

UART Data Bus (three-state): This bus provides bi-directional communications 
between the UART and the CPU; data control words and status information are 
transferred via this bus. 

Transmitter Ready Signal for DMA Transfer: Remains low as long as XMIT FIFO 
is not completely full. In FIFO mode, DMA transfer modes 0 and 1 are allowed. In 
the character mode, only DMA transfer mode 0 is allowed. DMA mode 0 supports 
single DMA transfer mode between CPU bus cycles. DMA mode 1 supports 
multiple DMA transfers until the XMIT FIFO has been filled. 

Receiver Ready Signal for DMA Transfer: Remains low until RCVR FIFO has been 
emptied. In FIFO mode DMA transfer modes 0 and 1 are allowed. In the character 
mode only DMA mode 0 is allowed. DMA mode 0 supports single DMA transfer 
made between CPU bus cycles. DMA mode 1 supports multiple DMA transfers 
until the RCVR FIFO has been emptied. 

Driver Disable: Goes low when the CPU is reading data from the UART. A high-
level DDIS output can be used to disable an external transceiver (if used between 
the CPU and UART on the DO-D7 Data Bus) at all times, except when the CPU is 
reading data. 
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BUS INTERFACE (Continued) 

NAME TYPE DESCRIPTION 

INTRPT 0 Interrupt: Goes high whenever anyone of the following interrupt types has an 
active high condition and is enabled via the IER: Receiver Error Flag, Received 
Data Available; Timeout (FIFO mode only); Transmitter Holding Register Empty 
and Modem Status. The INTRPT signal is reset low upon the appropriate interrupt 
service or a Master Reset operation. 

DATA 110 

NAME TYPE DESCRIPTION 

SIN I Serial Input: Input for serial data from the communications link (peripheral device, 
modem or data set). 

SOUT 0 Serial Output: Output for serial data to the communications link (peripheral 
device,modem or data set). This signal is set high upon a Master Reset. 

MODEM CONTROL 

NAME TYPE DESCRIPTION 

RTS 0 Request To Send: This output is programmed by RTS bit (01) of the Modem 
Control Register and represents the compliment of that bit. I is used in modem 
handshaking to signify that the UART has data to transmit. This signal is set high 
upon Master Reset or during loop mode operation. 

CTS I Clear To Send: A modem status input whose condition corresponds to the 
complement of the CTS bit (04) of the Modem Status Register. When CTS is low, 
it indicates that communications have been established and that data may be 
transmitted. 

OTR 0 Data Terminal Ready: This output is programmed by OTR bit (~O) of the Modem 
Control Register, and represents the compliment of that bit. It is used in modem 
handshaking to signify that the UART is available to communicate. This signal Is 
set high upon Master Reset or during loop mode operation. 

OSR I Data Set Ready: A modem status input whose condition is complimented and 
reflected in the OSR bit (05) of the Modem Status Register. When OSR is low, it 
indicates that the modem is ready to establish communications. 

OCO I Data Carrier Detect: A modem status input whose condition is complemented and 
reflected in the OCO bit (07) of the Modem Status Register. When OCO is low, it 
indicates that the modem is receiving a carrier. 

RI I Ring Indicator: A modem status input whose condition is complimented and 
reflected in the RI bit (06) of the Modem Status Register. When RI is low, it in-
dicates that a telephone ringing signal is being received. 

oun 0 Output 1, 2: User designated outputs that can be set to an active low by setting 
OUT2 0 bit 2 (OUT1) or bit 3 (OUT2) of the Modem Control Register high. These output 

signals are set high upon Master Reset or during loop mode operation. 
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GENERAL & CLOCKS 

NAME TYPE DESCRIPTION 

VCC I +5V Supply, ±1 0%: Bypass with 0.1 J1F capacitor to VSS. 

VSS I System Ground 

MR I Master Reset: When high, this input clears all UART control logic and registers, 
except for the Receiver Buffer, Transmitter Holding and Divisor Latches; also, the 
state of output signals SOUT, INTRPT, OUT1, OUT2, RTS and DTR are affected 
by an active MR input. This input is buffered with a TTL-compatible Schmitt 
Trigger. See Table 2. 

XIN, XOUT I/O External System Clock I/O: These two pins connect the main timing reference 
(crystal or signal clock) to the UART. Additionally, XIN may be driven by an 
external clock source .. 

RCLK I Receiver Clock: This input is the 16X baud rate clock for the receiver section of 
the chip. 

BAUDOUT 0 Baud Generator Output: 16X clock signal for the transmitter section of the UART. 
The clock is equal to the main reference oscillator frequency divided by the 
specified divisor in the Baud Generator Divisor Latches. May also be used for .the 
receiver section by tying this output to the RCLK input of the chip. 

NlC - No Connection: These pins have no internal connection 
and may be left floating. 

28-PIN VERSION, SPECIAL PINS 

NAME 1/0 DESCRIPTION 

INTRPT 0 Interrupt: In the 28-pin versions of this chip, the INTRPT pin can be forced into a 
high impedance state by resetting to 0 the OUT2 bit (D3) of the Modem Control 
Register. INTRPT pin operation is enabled by setting the OUT2 bit to 1. 

XIN, XOUT 1/0 External System Clock: The XOUT pin is not available on the 73M2550 and 
therefore must be driven by an external clock connected to the XIN pin. 

J,LPRST 0 Microprocessor Reset: This output Signal is used to provide a hardware reset to 
a local controller. Th,s pin becomes active high when the MR pin is pulled high or 
the OUT1 bit (D2) of the Modem Control Register is set to 1. The J,LPRST function 
is available only on the 73M2550. 
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TABLE 1: Control Register Address Table 

DLAB A2 A1 AD REGISTER 

0 0 0 D Receiver Buffer (read), Transmitter Holding Register (write) 

0 0 0 1 Interrupt Enable 

X 0 1 0 Interrupt Identification (read only) 

X 0 1 0 FIFO Control (write) 

X 0 1 1 Line Control 

X 1 0 0 Modem Control 

X 1 0 1 Line Status 

X 1 1 0 Modem Status 

X 1 1 1 Scratch 

1 0 0 0 Divisor Latch (least significant byte) 

1 0 0 1 Divisor Latch (most significant byte) 

TABLE 2: UART Reset Functions 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Interrupt Enable Register Master Reset All bits low (0-3 & 5 forced and 4, 6 
& 7 permanent) 

Interrupt Identification Register Master Reset Bit 0 is high; bits 1, 2, 3, 6 & 7 are 
low; bits 4 & 5 are permanently low 

Line Control Register Master Reset All bits low 

Modem Control Register Master Reset All bits low (bits 5, 6 & 7 permanent) 

Line Status Register Master Reset All bits low, except bits 5 & 6 are 
high 

Modem Status Register Master Reset Bits 0-3 are low; bits 4-7 = input 
signal 

SOUT Master Reset High 

INTRPT (RCVR Errs) Read LSR/MR Low 

INTRPT (RCVR Data Ready) Read RBR/MR Low 

INTRPT (THRE) Read fiR/Write THR/MR Low 

INTRPT (Modem Status Changes) Read MSR/MR Low 

OUT2 Master Reset High 

RTS Master Reset High 

DTR Master Reset High 

OUT1 Master Reset High 

FIFO Control Register Master Reset All bits low 

RCVR FIFO MAlFCR1 and FCRO/AFCRO All bits low 

XMITFIFO MR/FCR2 and FCRO/AFCRO All bits low 
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CONTROL REGISTER OVERVIEW 

REGISTER 
REGISTER ADDRESS 07 06 

A~~~ 
RECEIVER 

BUFFER RBR 000 BIT 7 BITS REGISTER OLAB-O (MSB) 
(READ ONLY) 

TRANSMIT 
HOLDING THR 000 BIT 7 BITS REGISTER OLAB-O (MSB) 

(WRITE ONLy) 

INTERRUPT 
ENABLE IER 001 0 0 DLAB-O REGISTER 

INTERRUPT FIFOs FIFOs 10 010 
REGISTER IIR DLAB-X ENABLED ENABLED 

(READ ONLY) (NOTE 1) (NOTE 1) 

FIFO RCVR RCVR CONTROL 010 
REGISTER FCR OLAB-X TRIGGER TRIGGER 

(WRITE ONLy) (MSB) (LSB) 

LINE DIVISOR 
CONTROL LCR 001 LATCH SET 

OLAB-X ACCESS BREAK REGISTER (OLAB) 

MODEM SSIMOOE 100 CONTROL MCR OLAB-X OSC 0 
REGISTER OFF 

LINE ERROR IN TRANS· 
STATUS LSR 101 RCVR MfTTER 

REGISTER OLAB-X FIFO EMPTY 
(NOTE 1) (TEMT) 

MODEM DATA RING STATUS MSR 110 CARRIER INDICATOR REGISTER OLAB-X DETECT 
(READ ONLY) (OCO) (RI) 

SCRATCH SCR 111 BIT 7 BIT 6 REGISTER OLAB-X 

DIVISOR 000 LATCH OLL BIT 7 BIT 6 
(MS) OLAB-l 

DIVISOR 001 LATCH OLM OLAB-l BIT 15 BIT14 
(MS) 

DATA BIT NUMBER 

OS 04 03 

BIT 5 BIT 4 BIT 3 

BIT 5 BIT 4 BIT 3 

ENABLE ENABLE 
SSIMODE 0 MODEM 

STATUS (NOTE 1) INTERRUPT 

SSIMODE SSI MODE INTERRUPT 
RXRDY TXRDY 10 BIT 2 

FOROMA FOROMA (NOTE 1) 

SSIMOOE SSIMOOE OMA XMIT XMIT 
TRIGGER TRIGGER MODE 

(MSB) (LSB) SELECT 

EVEN PARITY STICK PARITY ENABLE PARITY SELECT 
(EPS) (PEN) 

0 LOOP OUT 2 

TRANSMIT BREAK FRAMING HOLDING INTERRUPT ERROR REGISTER (BI) (FE) EMPTY(THRE) 

DATA CLEAR DELTA 
SET READY TO SEND DATA CARR. 

DETECT (OSR) (CTS) (OOCO) 

BIT 5 BIT 4 BIT 3 

BIT 5 BIT 4 BIT 3 

BIT 13 BIT 12 BIT 11 

NOTE 1: THESE BITS ARE RESET TO 0 IN THE 73M450 MODE (Character Mode) 

REGISTER BIT DESCRIPTIONS 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
UART ADDRESS: A2 - AD = ODD, DLAB = 0 

02 01 DO 

BIT 2 BIT 1 BIT 0 
(LSB) 

BIT 2 BIT 1 BIT 0 
(LSB) 

ENABLE ENABLE ENABLE 
REC. LINE THR REC. DATA 
STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT -a" IF 
10 10 INTERRUPT 

BIT 1 BIT 0 PENDING 

XMIT RCVR AFO FIFO FIFO ENABLE RESET RESET 

NUMBER WORD WORD 
OF STOP LENGTH LENGTH 

BITS SELECT 1 SELECT 0 
(STB) (WLS1) (WLSO) 

REOUEST DATA 
TERMINAL OUT 1 TO SEND READY (RTS) (OTR) 

PARITY OVERRUN DATA 
ERROR ERROR READY 

(PE) (OE) (OR) 

TRAILING DELTA DELTA 
EDGE RING DATASET CLEAR 
INDICATOR READY TO SEND 

(TERI) (OOSR) (ooTS) 

BIT 2 BIT 1 BIT 0 

BIT 2 BIT 1 BIT 0 

BIT 10 BIT 9 BIT 8 

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

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
UART ADDRESS: A2 - AD = 000, 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 (H any) added to the serial bit stream as the data is transferred. 
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INTERRUPT ENABLE REGISTER (IER) 
UART ADDRESS: A2· AD = 001, DLAB = 0 

551 73M550 
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This 8-bit register enables the five types of interrupts of the UART to separately activate the chip Interrupt 
(INTRPT) output signal. It is 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. All other system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 

The chip's SSi mode can be activated by setting bit D5. Once in the SSi mode, the chip can be placed in a 
power shut-down state by setting bit D7 in the Modem Control Register. 

BIT NAME COND DESCRIPTION 

DO Received Data 1 When set to logic 1 this bit enables the Received Data 
Available Interrupt, and timeout interrupts in FIFO mode. 

D1 Transmitter Holding 1 When set to logic 1 this bit enables the Transmitter 
Register Empty Holding Register Empty Interrupt. 

D2 Receiver Line 1 When set to logic 1 this bit enables the Receiver Line 
Status Interrupt Status Interrupt. 

D3 Modem Status 1 When set to logic 1 this bit enables the Modem Status 
Interrupt. 

D4 Not Used 0 This bit are is always logic O. 

D5 SSI Mode 1 When set to logic 1, this bit enables the SSi Mode. In the 
SSi Mode the oscillator can be turned off via bit D7 in the 
Modem Control Register, and the XMIT THRE interrupt 
trigger set via bits D4 & D5 of the FIFO Control Register. 

D6-D7 Not used 0 These two bits are always logic O. 
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INTERRUPT 10 REGISTER (IIR) (READ ONLY) 
UART ADDRESS: A2. AO = 010 
The IIR register gives prioritized information as to the status of interrupt conditions and also allows for DMA 
transfer operations in a polled FIFO manner underthe S5i mode. When accessed, the IIR freezes the highest 
priority interrupt pending and no other interrupts are acknowledged until the particular interrupt is serviced by 
the CPU. The order of interrupt priorities is shown in the table below. 

BIT NAME COND DESCRIPTION 

00 Interrupt Pending 0 This bit can be used in either a prioritized interrupt or polled 
environment to indicate whether an interrupt is pending. 
When bit 0 is a logic 0, an interrupt is pending and the IIR 
contents may be used as a pointerto the appropriate interrupt 
service routine. 

1 When bit 0 is a logic 1, no interrupt is pending. 

01,02 Interrupt 10 bits 0, See These three bits of the IIR are used to identify the highest 
03 1,2 table priority interrupt pending as indicated in the following table. 

Page 10 Bit 03 is reset to 0 when FIFO mode is disabled. 

04 S51 mode TXROY 1 This bit function is available only when 55i mode is 
forOMA enabled (bit 05 in IER is set). This bit is the compliment of 

TXROY pin and Is used to support OMA transfers in a polled 
environment. A logic 1 indicates transmitter is less than full 
and is ready for OMA transfer. 

0 A logic 0 indicates transmitter is full and not ready for OMA 
transfer. Also when S51 mode is disabled this bit will be 
reset to O. 

05 S51 mode RXROY 1 This bit function is available only when 55i mode is 
for OMA enabled (bit 05 in IER is set). This bit is the compliment of 

RXROY pin and is used to support OMA transfers in a 
polled environment. A logic 1 indicates receiver is not 
empty and is ready for OMA transfer. 

0 A logic 0 indicates receiver is empty and not ready for 
OMA transfer. Also when 55i mode is disabled this bit will 
be reset to O. 

06,07 FIFOs enabled 1 These two bits are set to logic 1 when bit 00 in FCR is set 
to 1 (FIFO mode enabled). 

0 These two bits are reset to logic 0 when bit 00 in FCR is 
reset to 0 (FIFO mode disabled). 
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INTERRUPT PRIORITY TABLE 

03 02 01 DO PRIORITY 

0 0 0 1 -
0 1 1 0 Highest 

0 1 0 0 Second 

1 1 0 0 Second 

00 1 0 Third Transmit Holding 

0 0 0 0 Fourth 

TYPE 

None 

Receiver Une Status 

Receive Data 
Available 

Character Timeout 
Indicator 

Transmit Holding Re, 
Register Empty 

Modem Status 

SSI73M550 
SS173M1550/2550 

UART with FIFOs 

SOURCE RESET 

None N/A 

Overrun Error, Parity Error, Reading the Une 
Framing Error or Break Status Register 
Interrupt 

Receive Data Available Reading the Receiver 
or RCVR FIFO trigger Buffer Register or the 
level reached RCVR FIFO drops 

below trigger level 

No characters have been Reading the Receiver 
removed from or input to Buffer Register 
the RCVR FIFO during the 
last 4 character times and 
there is at least 1 character 
in it during this time 

ster Reading IIR Register 
Empty or below XMIT FIFO (if source of interrupt) 
trigger level or Writing to Transmit 

Holding Register or 
XMIT FIFO trigger level 
reached 

Clear to Send or. Data Set Reading the Modem 
Ready or Ring Indicator or Status Register 
Data Carrier Detect 

FIFO CONTROL REGISTER (FCR) (WRITE ONLY) 
UART ADDRESS: A2· AO = 010 

This is a write only register at the same location as the IIR read only Register. This register is used to 
enable the FIFOs, clear the FIFOs, set the XMIT and RCVR FIFO trigger level, and select the type of 
DMA signalling. 

BIT NAME COND DESCRIPTION 

DO FIFO Enable 1 Setting this bit to logiC 1 enables both XMIT and RCVR 
FIFOs. This bit must be written as 1 when other FCR bits 
are written to or thev will not be oroarammed. 

0 Resetting this bit to logic 0 disables the FIFO mode 
(enables the 73M450 mode) and clears data in both FIFOs 
when changing from FIFO mode to 73M450 mode and 
vice versa data is automaticallv cleared from FIFOs. 

01 RCVR FIFO Reset 1 Setting this bit to logic 1 clears all data in the RCVR FIFO 
and resets its counter logic to O. The shift register is not 
cleared. The loaic 1 written into this bit is self clearina. 

02 XMIT FIFO Reset 1 Setting this bit to logiC 1 clears all data in the XMIT FIFO 
and resets its counter logic to O. The shift register is not 
cleared. The loaic 1 written into this bit is self clearina. 
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FIFO CONTROL REGISTER (FCR) (WRITE ONLY) (Continued) 

BIT NAME COND DESCRIPTION 

03 OMA Mode Select 1 Setting this bit to logic 1 will enable OMA mode 1. In this 
mode pins TXROY and RXROY and bits 04 and 05 in IIR, 
support multiple OMA transfers. 

0 Resetting this bit to logic 0 will enable OMA mode O. In 
this mode, pins TXROY and RXRDY and bits 04 and 05 in 
IIR support Single OMA transfers. 

05,04 SSI Mode XMIT 0/1 These two bits are active in the SSi mode only. The 
Trigger (MSB, LSB) value written into 05 and 04 determine the XMIT FIFO 

trigger level as described in table below. The THRE 
interrupt will occur if the XMIT FIFO is below the trigger 
level and will reset when the XMIT FIFO is filled to trigger 
level. 

07,06 RCVR Trigger 0/1 The value written into 07 and 06 determining the RCVR 
(MSB, LSB) FIFO trigger level as described in table below. The 

received data available interrupt will occur if the RCVR 
FIFO is filled to or above the trigger level and will reset 
when the RCVR FIFO drops below the trigger level. 

XMITFIFO 
05 04 Trigger Level (Bytes) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 

RCVR FIFO 
07 06 Trigger Level (Bytes) 

0 0 01 

0 1 04 

1 0 08 

1 1 14 
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LINE CONTROL REGISTER (LCR) 
UART ADDRESS: A2 - AO = 011 

SSI73M550 
SS173M1550/2550 
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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 NAME COND DESCRIPTION 

00/01 Word Length Bits 00 and 01 select the number of data bits per character 
Select 0 (WLSO) as shown: 

Word Length 01 00 Word Length 

Select 1 0 0 5 bits 

(WLS1) 0 1 6bils 

1 0 7 bits 

1 1 8 bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each trans-
(STB) mitted character. If bit 02 is a logic 0, one stop bit is generated 

in the transmitted data. If bit 02 is a logic 1 when a 5-bit word 
length is selected via bits 00 and 01, one-and-a-half stop bits 
are generated. If bit 02 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, regardless of the 
number of stop bits selected. 

03 Parity Enable 1 This is the Parity Enable (PEN) bit. When set to a logiC 1, a 
(PEN) 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). 

04 Even Parity Select 1 or 0 This is the Even Parity Select (EPS) bit. When bit 03 is a 
(EPS) logic 1 and bit 04 is a logic 0, an odd number of logiC 1 's is 

transmitted or checked in the data word bits and parity bit. 
When bit 03 is a logiC 1 and bit 04 is a logiC 1 an even number 
of logic 1 's is transmitted or checked. 

05 Stick Parity 10rO This is the Stick Parity bit. When bit 03 is a logic 1 and bit 05 
is a logiC 1 the parity bit is transmitted and checked by the 
receiver as a logic 0 if bit 04 isa logic 1 or as a logic 1 if bit 
04 is a logic O. 

05 04 Parity 

0 0 000 Parity 

0 1 EVEN Parity 

1 0 MARK Parity 

1 1 SPACE Parity 
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LINE CONTROL REGISTER (LCR) (Continued) 

BIT NAME COND DESCRIPTION 

D6 Set Break 1 This is the Break Control bit. It causes a break condition to 
be sent to the receiving UART. When set to a logic 1 the serial 
out (SOUT) is forced to a logic 0 state. The break is disabled 
by setting bit D6 to a logic O. This bit acts only on SOUT and 
has no effect on the transmitter logic. See note below. 

D7 Divisor Latch Access 1 The Divisor Latch Access Bit (DLAB) must be set high 
Bit (DLAB) (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 Holding 
Register, or the Interrupt Enable Register. 

NOTE: This feature enables the CPU to alert a terminal in a computer communications system. If the 
following sequence is followed, no erroneous or extraneous characters will be transmitted because 
of the break. 
1. Load an all O's pad character in response to THRE. 
2. Set break in response to the next THRE. 

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

During the break, the Transmitter can be used as a character timer to accurately establish the break 
duration. 

MODEM CONTROL REGISTER (MCR) 
UART ADDRESS: A2· AO = 100 

The Modem Control Register controls the interface with the modem, data set or peripheral device. 

BIT NAME COND DESCRIPTION 

DO DTR 0/1 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 O. When bit 0 is reset 
to a logic 0 the DTR output is forced to a logic 1. 

D1 RTS 0/1 This bit controls the Request to Send (RTS) output. When bit 1 is set 
to a logic 1 the RTS output is forced to a logic O. When bit 1 is reset to 
a logic 0 the RTS output is forced to a logic 1 . 

D2 OUT1 0/1 This bit controls the Output 1 (OUT1) Signal, an auxiliary user-desig-
nated output. When bit D2 is set to a logic 1 ,OUT1 is forced to a logic 
O. When bit D2 is reset to a logic 0, OUT1 is forced to a logic 1. On the 
SSI 73M2550 only, this bit controls the IlPRST output. When bit D2 is 
set to a logic 1, the IlPRST output is forced to a logic 1. When bit D2 is 
reset to logic 0, IlPRST is forced to logic O. 

D3 OUT2 0/1 This bit controls the Output 2 (OUT2) Signal, an auxiliary user-desig-
nated output. When bit D3 is set to a logic 1, OUT2 forced to a logiC O. 
When bit D3 is reset to a logic 0, OUT2 output is forced to a logic 1. On 
the 28-pin versions, this bit controls the INTRPT pin. When bit D3 is set 
to a logic 1, the INTRPT output is enabled. When bit D3 is reset to logic 
0, the INTRPT pin is forced into a high impedance state. 
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MODEM CONTROL REGISTER (MCR) (Continued) 

BIT NAME COND 

04 LOOP 0/1 

05-06 0 

07 SSi Mode 1 
Osc. off 

0 

LINE STATUS REGISTE~ (LSR) 
UART ADDRESS: A2. AO = 101 

DESCRIPTION 

This bit provides a local loopback feature for diagnostic testing of the 
UART. When bit 4 is set to logic 1, the following occurs; the transmitter 
Serial Output (SOUT) is set to the logic 1 state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the four Modem 
Control inputs (CTS, OSR, OCO and RI) are disconnected; the four 
Modem Control outputs (OTR, RTS, OUT1 and OUT2) are internally 
connected to the four Modem Control inputs, and the Modem Control 
output pins are forced to their inactive state (high). In the diagnostic 
mode, data that is transmitted is immediately received. This feature 
allows the processor to verify the transmit and received-data paths of 
the UART. In the diagnostic mode, the receiver and transmitter 
interrupts are fully operational. The Modem Control Interrupts are also 
operational, butthe interrupts' sources are now the lower four bits ofthe 
Modem Control Register instead of the four Modem Control inputs. The 
interrupts are still controlled by the Interrupt Enable Register. 

These bits are permanently set to logiC O. 

This bit is active in the SSi Mode only. When 07 is set the UART 
oscillator is tunred off placing the UART in a power shutdown state. All 
UART memory is retained during power shutdown. 

Resetting this bit enable the oscillator and powers up the UART. 

This register provides status information to the CPU concerning the data transfer. Bits 01-04 are the error 
conditions that produce a Receiver Line Status interrupt whenever any of the corresponding conditions are 
detected. The Line Status Register is intended for read operation only. Writing to this register is not rec
ommended as this operation is used for factory testing. 

BIT NAME COND DESCRIPTION 

DO DR 0/1 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. DR is reset to 0 by reading all data in the Receiver Buffer 
Register FIFO. 

01 OE 0/1 The Overrun Error (OE) bit is set when data in the Receiver Buffer 
Register was not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby destroying the 
previous character. OE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. In FIFO mode if data continues to 
fill the FIFO beyond the trigger level an overrun error will occur only after 
the FIFO is full and the next character has been completely received in 

(Continued) 
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LINE STATUS REGISTER (lSR) (Continued) 

BIT NAME COND DESCRIPTION 

01 OE 0/1 the shift register. OE is indicated to the CPU as soon as it occurs. The 
character in the shift register is overwritten but it is not transferred to the 
FIFO. 

02 PE 0/1 The Parity Error (PE) bit is set when the received character did not have 
the correct parity. PE is reset to 0 whenever the CPU reads the Line 
Status Register. In FIFO mode this error is revealed to the CPU when 
its associated character is at the top of the FIFO. 

03 FE 1 The Framing Error (FE) bit indicates that the received character did not 
have a valid stop bit. FE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. In the FIFO mode this error is 
revealed to the CPU when its associated character is at the top of the 
FIFO. The UART will try to resynchronize after a framing error. To do 
this it assumes that the framing error was due to the next start bit, so it 
samples the following start bit twice and then takes in the data that 
follows. 

04 BI 1 The Break Interrupt (BI) bit is set when a break has been received. A 
break occurs whenever the received data is held to 0 for a full data word 
(start + data + stop). BI is reset to 0 whenever the CPU reads the Line 
Status Register. In the FIFO mode this error is revealed to the CPU 
when its associated character is at the top of the FIFO. When break 
occurs only one zero character is loaded into the FIFO. The next 
character transfer is enabled after SIN goes to the marking (high) state 
and receives the next valid start bit. 

05 THRE 1 The Transmit Holding Register Empty (THRE) is set to a logic 1 when 
a character is transferred from the Transmit Holding Register into the 
Transmit Shift Register, indicating that the UART is ready to accept a 
new character for transmission. In addition this bit causes the UART to 
issue an interrupt to the CPU when the THRE Interrupt enable is set 
high. THRE is reset to 0 when the CPU loads a character into the 
Transmit Holding Register. In the FIFO mode this bit is set when the 
XMIT FIFO is filled below the trigger level and will reset when the FIFO 
is filled to the trigger level. 

06 TEMT 1 The Transmit Empty (TEMT) indicates that both the Transmit Holding 
Register and the Transmit Shift Registers are empty. TEMT is reset to 
o whenever the TSR or THR contains a data character. In the FIFO 
mode this bit is set whenever the XMIT FIFO and the transmitter shift 
register are both empty. 

07 Error in 0 In the character mode this bit is reset to O. In the FI FO mode this bit is 
Rcvr FIFO set when there is at least one parity error, framing error or break 

indication in the FIFO. This bit is reset when the CPU reads the Line 
Status Register if there are no subsequent errors in the FIFO. 

Note: Bits 01-04 are the error conditions that produce a Receiver Line Status interrupt whenever anyofthe 
corresponding conditions are detected and the interrupt is enabled. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 
UART ADDRESS: A2· AO = 110 

This register provides the current state ofthe control signals from the modem or peripheral device. In addition 
four bits provide change information. Whenever bit DO, D1, D2 or D3 is set to logic 1 a Modem Status Interrupt 
is generated; reset to logic 0 occurs whenever they are read. In Loop Mode CTS, DSR, RI and DCD are taken 
from RTS, DTR, oun, and OUT2 in the Modem Control Register, respectively. 

BIT NAME COND 

DO DCTS 1 

D1 DDSR 1 

D2 TERI 1 

D3 DDCD 1 

D4 CTS 1 

D5 DSR 1 

D6 RI 1 

D7 DCD 1 

SCRATCH REGISTER (SCR) 
ADDRESS: A2· AO = 111 

DESCRIPTION 

The Delta Clearto Send (DCTS) bit is set when the CTS inpuUo the chip 
has changed state since the last time it was read by the CPU. 

The Delta Data Set Ready (DDSR) bit is set when the DSR input to the 
chip has changed state since the last time it was read by the CPU. 

The Trailing Edge of the Ring Indicator (TERI) detect bit is set when the 
RI input to the chip has changed from an Off (logic 0) to an On (logic 1) 
condition. 

The Delta Data Carrier Detect (DDC!;» bit indicates that the DCD input 
to the chip has changed state. 

This bit is the complement of the Clear To Send (CTS) input. If bit 4 
(loop) of the MCR is set to a 1, this bit is equivalent to RTS in the MCR. 

This bit is the complement of the Data Set Ready (DSR) input. If bit 4 
of the MCR is set to a 1, this bit is the equivalent of DTR in the MCR. 

This bit is the complement of the Ring Indicator (RI) input. If bit 4 of the 
MCR is set to a 1, this bit is equivalent to OUT1 in the MCR. 

This bit is the complement of the Data Carrier Detect (DCD) input. If bit 
4 of the MCR is set to a 1, this bit is equivalent to OUT2 in the MCR. 

This 8-bit ReadIWrite Register does not control the UART in any way. It is intended as a scratchpad register 
to be used by the programmer to hold data temporarily. 

DIVISOR LATCH (LS) (DLL) 
ADDRESS: A2· AO = ODD, DLAB = 1 

This register contains the least significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

DIVISOR LATCH (MS) (DLM) 
ADDRESS: A2· AD = 001, DLAB = 1 

This register contains the most significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 
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PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud Generator that is capable of taking any clock input (DC to 8 MHz) 
and dividing it by any divisor from 2 to 216_1. 4 MHz is the highest input clock frequency recommended when 
the divisor = 1. The output frequency of the Baud Generator is 16 x the Baud [divisor # = (frequency input)! 
(baud rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary format. These Divisor Latches must 
be loaded during initialization in order to ensure desired operation of the Baud Generator. Upon loading either 
of the Divisor Latches, a 16-bit Baud counter is immediately loaded. This prevents long counts on initial load. 

Tables 3, 4 and 5 illustrate the use of the Baud Generatorwith crystal frequencies of 1.8432 MHz, 3.072 MHz, 
and 8 MHz respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of 
the desired baud rate is dependent on the crystal frequency chosen. 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD RATE TO GENERATE DIFFERENCE BETWEEN 

(BIT RATE CLOCK) 16XCLOCK DESIRED AND ACTUAL 
50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 
150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 
2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 
19200 6 -
38400 3 -
56000 2 2.86 

TABLE 3: Baud Rates using 1.8432 MHZ Crystal 
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DESIRED 
BAUD RATE 

(BIT RATE CLOCK) 
50 

75 
110 

134.5 

150 

300 

600 

1200 

1800 

2000 

2400 

3600 

4800 

7200 

9600 

19200 

38400 

DIVISOR USED 
TO GENERATE 

16 X CLOCK 

3840 

2560 
1745 

1428 

1280 

640 

320 

160 

107 

96 

80 

53 

40 

27 

20 

10 

5 
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PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 

-
-

0.026 

0.034 

-
-
-
-

0.312 

-
-

0.628 

-
1.23 

-
-
-

TABLE 4: Baud Rates using 3.072 MHZ Crystal 

DESIRED DIVISOR USED PERCENT ERROR 
BAUD RATE TO GENERATE DIFFERENCE BETWEEN 

(BIT RATE CLOCK) 16 X CLOCK DESIRED AND ACTUAL 
50 10000 -
75 6667 0.005 

110 4545 0.010 

134.5 3717 0.013 

150 3333 0.010 
300 1667 0.020 

600 833 0.040 

1200 417 0.080 

1800 2n 0.080 

2000 250 -
2400 208 0.160 

3600 139 0.080 

4800 104 0.160 

7200 69 0.644 

9600 52 0.160 

19200 26 0.160 

38400 13 0.160 

56000 9 0.790 

128000 4 2.344 

256000 2 2.344 

TABLE 5: Baud Rates using 8 MHZ Crystal 
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FIFO INTERRUPT MODE OPERATION 

When the RCVR FIFO and receiver interrupts are 
enabled (FCR 00 = 1,IER 00 = 1) RCVR interrupts will 
occur as follows: 
A. The receive data available interrupt will be issued 

to the CPU when the FIFO has reached its pro
grammed trigger level; it will be cleared as soon as 
the FIFO drops below its programmed trigger level. 

B. The IIR receive data available indication also oc
curs when the FIFO trigger level is reached and like 
the interrupt it is cleared when the FIFO drops 
below the trigger level. 

C. The receiver line status interrupt (IIR = 06), as 
before, has higher priority than the received data 
available (IIR = 04) interrupt. 

O. The data ready bit (LSROO) is set as soon as a 
character is transferred from the shift register to 
the RCVR FIFO. It is reset when the FIFO is empty. 

When RCVR FIFO and receiver interrupts are enabled, 
RCVR FIFO timeout interrupts will occur as follows: 
A. A FIFO timeout interrupt will occur,if the following 

conditions exist: 
- at least one character is in the FIFO 
- the most recent serial character received was 

longer than 4 continuous character times ago 
(if 2 stop bits are programmed the second one 
is included in this time delay). 

- the most recent CPU read of the FIFO was 
longer than 4 continuous character times ago. 

This will cause a maximum character received to 
interrupt issued delay of 160 ms at 300 baud with a 12 
bit character. 
B. Character times are calculated by using the RCLK 

input for a clock signal (this makes the delay 
proportional to the baud rate). 

C. When a timeout interrupt has occurred it is cleared 
and the timer reset when the CPU reads one 
character from the RCVR FIFO. 

O. When a timeout interrupt has not occurred the 
timeout timer is reset after a new character is 
received or after the CPU reads the RCVR FIFO. 

When the XMIT FIFO and transmitter interrupts are 
enabled (FCROO = 1,IER01 = 1), XMIT interrupts will 
occur as follows: 
A. The transmitter holding register interrupt occurs 

when the XMIT FIFO is below the trigger level. It 
is cleared as soon as the transmitter holding reg
ister is written to and reaches the trigger level orthe 
IIR is read. If the SSi mode is disabled (IER 05 = 
0) then the XMIT FIFO trigger level is set to 1 byte. 

B. The transmitter FIFO empty indications will be 
delayed 1 character time minus the last stop bit 
time whenver the folowing occurs: THRE =1 and 
there have not been at least two bytes at the same 
time in the transmit FIFO since the last THRE = 1. 
The first transmitter interrupt after changing FCR 
00 will be immediate, if it is enabled. 

Character timeout and RCVR FIFO trigger level Inter
rupts have the same priority as the current received 
data available interrupt; XMIT FIFO empty has the 
same priority as the current transmitter holding register 
empty interrupt. 

FIFO MODE OPERATION 
With FCR 00 = 1 resetting IER OO,IER 01,IER 02,IER 
03 orallto zero puts the UART inthe FIFO polled mode 
of operation. Since the RCVR and XMITIER are 
controlled separately either one or both can be in the 
polled mode of operation. In this mode the users 
program will check RCVR and XMITIER status via the 
LSR. As stated previously: 

LSR 00 will be set as long as there is one byte in 
the RCVR FIFO 
LSR 01 to LSR 04 will specify which error(s) has 
occurred. Character error status is handled the 
same way as when in the interrupt mode, the IIR is 
not affected since IER 02 = 0 
LSR05willindicatewhentheXMITFIFOisempty. 
LSR 06 will indicate that both the XMIT FIFO and 
shift register are empty. 
LSR 07 will indicate whether there are any errors 
in the RVCR FIFO. 

There is no trigger level reached or timeout condition 
indicated inthe FIFO Polled Mode, however, the RCVR 
and XMIT FIFOs are still fully capable of holding 
characters. 
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vec 

osc. ClOCK TO 
BAUD GEN. LOGIC 

FIGURE 1: Typical Clock Circuits 

TYPICAL CRYSTAL OSCILLATOR NETWORK 

CRYSTAL RP RX2 C1 C2 

1.8 - 8 MHz 1 Mil 1.5K 10-30 pF 40-60 pF 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
(TA = -40°C to +85°C, vee = 5V ± 10%, unless otherwise noted. Operation above absolute maximum 
ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

vee Supply Voltage +14V 

Storage Temperature -65°e to 1500 e 

Lead Temperature Soldering, 10 sec. 260°C 

Applied Voltage -0.3 to Vcc + 0.3 
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DC CHARACTERISTICS 
(TA = -40°C to +8SoC, VCC = SV ± 10%, Vss = OV, unless otherwise noted; positive current is defined as 
entering the chip.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VILX Clock input Low voltage -D.S 0.8 V 

VIHX Clock input High Voltage 2.0 Vcc V 

VIL Input Low Voltage -D.S 0.8 V 

VIH Input High Voltage 2.0 Vee V 

VOL Output Low Voltage IOL=4.0 mA 0.4 V 
(except XOUT) 

VOH Output High Voltage IOH = -S.O mA on all 2.4 V 
outputs except XOUT 

ICC Average Power Supply See Note 1 S 10 mA 

Current See Note 2 SO J.lA 
ilL Input Leakage VCC=S.2SV, VSS=OV. ±10 J.lA 

All other pins floating. 

ICL Clock Leakage VIN=OV, S.2SV ±10 J.lA 
IOZ 3-State Leakage VCC=S.2SV, VSS=OV, ±20 J.lA 

VOUT =OV, S.2SV 
1) Chip deselected 
2) Chip & write mode 
selected 

VILMR MR Schmitt VIL 0.8 V 

VIHMR MR Schmitt VIH 2.0 V 

Note 1: VCC = S.2SV, TA = 2SoC; No loads on outputs. SIN, DSR, DCD, CTS, RI = 2.4V. All other inputs 
= O.4V. Baud Rate Gen. = 4 MHz; Baud Rate = SO kHz. 

Note 2: VCC = S.SV, TA = -40°C; No output load; CMOS-level inputs, oscillator disabled 

CAPACITANCE 
(TA = 2SoC, VCC = VSS = OV, fc = 1 MHz, unmeasured pins returned to VSS) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

CXTAL2 Clock Input Capacitance 1S 20 pF 

CXTAL1 Clock Output Capacitance 20 30 pF 

CI Input Capacitance 6 10 pF 

CO Output Capacitance 10 20 pF 
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FIGURE 2: External Clock Input· (8 MHz Maximum) 

2.4V - - - r------. 

O.4V 

The 2.4V and 0.4V levels 
are the volt~es that the 
inputs are dnven to during 
ACtesting. 

The 2.0V and 0.8 levels 
are the voltages at which 
timing tests are made. 

FIGURE 3: AC Test Points· 

* All timings are referenced to valid 0 and valid 1. 

AC CHARACTERISTICS (TA = -40°C to +85°C, VCC = 5V ± 10%, unless otherwise noted.) 

READ & WRITE CYCLE (Refer to Figures 4 & 5.) 

PARAMETER CONDITIONS 73M550 UNITS 

MIN MAX 

tAOS Address Strobe Width 60 ns 

tAS Address Setup Time 60 ns 

tAH Address Hold Time 0 ns 

tCS Chip Select Setup Time 60 ns 

tCH Chip Select Hold Time 0 ns 

tCSR RD, RD Delay from Chip Select See Note 3 30 ns 

tAR RD, RD Delay from Address See Note 3 30 ns 

tRD RD, RD Strobe Width 125 ns 

tRC Read Cycle Delay 125 ns 
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READ & WRITE CYCLE (Continued) 

PARAMETER 

RC Read Cycle 

tROD RD, RD to Driver 
Disable Delay 

tRVD Delay from RD, RD to Data 

tHZ RD, RD to Floating Data Delay 

tRA Address Hold Time 
from RD, RD 

tACS Chip Select Hold Time 
from RD, RD 

tCSW WR, WR Delay from Select 

tAW WR, WR Delay from Address 

tWR WR, WR Strobe Width 

tWC Write Cycle Delay 

WC Write Cycle=tAW+tWR+tWC 

lOS Data Setup Time 

lOH Data Hold Time 

tWA Address Hold Time 
from WR, WR 

tWCS Chip Select Hold time 
fromWR, WR 

tMRW Master Reset Pulse Width 

tXH Duration of Clock High Pulse 

tXL Duration of Clock Low Pulse 

Note 1: RC = tAR + tRD + tRC for 73M550 

CONDITIONS 73M550 

MIN MAX 

See Notes 1 & 4 280 

100 pF load 60 
See Note 2 

100 pF load 125 

100 pF load 0 100 
See Note 2 

See Note 3 20 

See Note 3 20 

See Note 3 30 

See Note 3 30 

100 

150 

280 

30 

30 

See Note 3 20 

See Note 3 20 

5 

External Clock 55 
(8 MHz max.) 

External Clock 55 
(8 MHz max.) 

Note 2: Charge and discharge time is determined by VOL, VOH and the external loading. 

Note 3: Applicable only when ADS is tied low. 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~ 

ns 

ns 

Note 4: In FIFO mode R = 425 ns (minimum) between reads of the RCVR FIFO and the status registers 
(interrupt identification register or line status register). 
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RD,1m" ------11------, r----,. ,------11---'---~ 
!OR 

WR,WR" --t-------t----+-------,II-----~~ 

DDIS 

DATA 
00-07 

CS2, CS1, CSO 
---If-'' 

FIGURE 4: Read Cycle Timing 

WR,WR" -----------.. ;---"' r-----N----~ 
lOR 

RO,m> ------------I-----II----~ 

DATA 
00-07 

IDS 10H 

FIGURE 5: Write Cycle Timing 
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TRANSMITTER (Refer to Figure 6) 

PARAMETER 

tHR Delay from rising edge of 
WR, WR (WR THR)to Reset 
Interrupt 

tlRS Delay form InitiallNTR Reset 
to Transmit Start 

tSI Delay from Initial Write 
to Interrupt 

tSTI Delay from Stop to Interrupt 
(THRE) 

tlR Delay from RD, RD (RD IIR) 
to Reset Interrupt (THRE) 

tSXA Delay from Start to TXRDY 
active 

tWXI Delay from Write to TXRDY 
inactive 

CONDITIONS MIN MAX UNITS 

100 pF load 175 ns 

8 24 BAUDOUT 
cycles 

See Note 1 16 24 BAUDOUT 
cycles 

See Note 1 8 8 BAUDOUT 
cycles 

100 pF load 250 ns 

100 pF load 8 BAUDOUT 
cycles 

100 pF load 195 ns 

Note: This delay will be lengthened by 1 character time, minus the last stop bit time H the transmitter 
interrupt delay circuit is active (see FIFO Interrupt mode operation). 

SERIAL OUT START PARITY 
(SOUl) ----...,. r---____ 

INTERRUPT __ ----,. 
(THRE) 

WR.vm 
(WRTHR) 
(NOTE 1) 

START 
r------

_ ________________ ~A:_tIR RD. 1m 
(ROIIR) 

(NOTE 2) 

NOTES: 
1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 

FIGURE 6: Transmitter Timing 
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WR,WR 
(WRTHR) 

SOUT 

BYTE #1 

DATA 

-

K 

PARITY 

I 
f--- tWXI 
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::5 

'""5 

STOP \ START 

\ 

- --tSXA 

FIGURE 7: Transmitter Ready (Pin 24) FeR DO = 0 or FeR DO = 1 and FeR D3 = 0 (Mode 0) 

WR', WR 
(WRTHR) 

SOUT 

BYTE #16 

DATA 

-

K 

> PARITY 

I 
-tWXI 

:;5 

::5 

STOP \ START 

FIFO \ 

- -tSXA 

FIGURE 8: Transmitter Ready (Pin 24) FeR DO = 1 and FeR D3 =1 (Mode 1) 
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MODEM CONTROL (Refer to Figure 9) 

PARAMETER 

tMDO Delay from WR, WR (WR MeR) 
to Output 

tSIM Delay to Set Interrupt 
from Modem Input 

tRIM Delay to Reset Interrupt 
from RD, RD (RD MSR) 

(WRMCR) 

CONDITIONS MIN 

100pF load 

100 pF load 

100 pF load 

(NOTE 1) - ---WR'WR"~ ~ 
RTS l5TR" IMDO IMDO ---

00Tf, C5lJi'2 ___ _ 

INTERRUPT 

RD,m) 
(RD MSR) 
(NOTE2) ____ ...J 

NOTES: 
1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 

FIGURE 9: Modem Controls Timing 
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BAUD GENERATOR (Refer to Figure 10) 

PARAMETER CONDITIONS MIN MAX 

N 

tBLD 

tBHD 

tLW 

tHW 

Baud Divisor 

Baud Output Negative 100 pF load 
Edge Delay 

Baud Output Positive 100 pF load 
Edge Delay 

Baud Output Down Time fX=8 MHz, div. by 2, 
100 pF load 

Baud Output Up Time fX=8 MHz, div. by 2, 
100 pF load 

XIN 

tHW 
tBlC ~ I+- ~ I+-

~U1JUlJUl 
~ I+-tBHC ~ j+-tlW 

~ I+- tBlC -.I tlW I+-
JroJl)OOT 
(CIV.BY2) 

tBlC 
~ I+

'BAUDOOT 
(CIV.BY3) 

~tHWI+-
tBHC tHW 
~I+- ~tlW~ 

1 216_1 

125 

125 

100 

75 

tBlC tBHC ~ .1 tHW = (N-2) XIN CYCLES 
~ I+- ~ I+- ,--?~ .. 

(CIV.B~) I r-, ---'I I' ~ 
'---------' 1;':4 ====:';.1 tlW = 2 XIN CYCLES 

FIGURE 10: BAUDOUT Timing 
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RECEIVER (Refer to Figure 11) 

PARAMETER 

tSCD Delay from RCLK to 
Sample Time 

tSINT Delay from Stop to 
Set Interrupt 

tRINT Delay from RD, RD 
(RD RBRIRD LSR) to 
Reset Interrupt 

CONDITIONS MIN MAX UNITS 

2 lIS 

RCLK=tXH & tXL 1 RCLK 
See Note 1 cycles 

100 pF load 1 lIS 

Note 1: In the FIFO mode (FCR DO = 1) the trigger level interrupts, the receiver data available indica-
tion, the active RXRDY indication and the overrrun error indication will be delayed 3 RCLKs. 
Status indicators (PE, FE, BI) will be delayed 3 RCLKs after the first byte has been received. 
For subsequently received bytes these indicators will be updated immediately after RD RBR 
goes inactive. Timeout interrupt is delayed 8 RCLKs. 

RCLK ~t----f1-
I. 8CLKS ~I i+""tSCD 

SA!M'LE CLOCK IL 
73M<50 MODE: 

SIN \ START / DATABrr~ 

SAMPLE CLOCK 

RDR 
INTERRUPT 

LSI INTERRUPT 

"RD. AD 
(RDRBR 

I I I 

~~~~ ______________________ --J 

NOTE: SEE READ CYCLE TIMING 

FIGURE 11: Receiver Timing 
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SIN ----.. r---iZ 
\J ---.!!! __ DATA (5-8) 

SAMPLE CLOCK 

TRIGGER LEVEL 
INTERRUPT 

(FCR 06, D7 = 0,0) 

LSI INTERRUPT 

Im,RD 
(RDLSR) 

ZZ 

(FIFO AT OR ABOVE 
2--------1--.:---- TRIGGER LEVEL) 

1'------ (FIFO BELOW 
tAINT TRIGGER LEVEL) 

Im,RD --------------------, j.----, 
(RDRBR) 

FIGURE 12: RCVR FIFO First Byte (This sets RBR) 

SIN~ 
STOP 

SAMPLE CLOCK 

TIMEOUT OR 
TRIGGER LEVEL INTERRUPT 

(FCR 06, 07 = 0,0) 

LSI INTERRUPT 

(FIFO AT OR ABOVE 

~
2---------__ ---- TRIGGER LEVEL) 

ISINT SEE NOTE 2 (FIFO BELOW 
I RINT TRIGGER LEVEL) 

- - - \ TOP BYTE OF FIFO 

1m,RD 
(RDLSR) 

1m,RD 
(RDRBR) 

____ -'--_..L 

PREVIOUS BYTE 
READ FROM FIFO 

~---r-----
tRINT 

FIGURE 13: RCVR FIFO Bytes Other Than the First Byte (RBR Is already set) 

Note 1: This is the reading of the last byte in the FIFO 

Note 2: If FCR DO = 1, then tSINT = 3 RCLKs, For a timeout interrupt, tSINT = 8RCLKs, 
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'1m, RD 
(RDRBR) 

i.'" .~ 

i."7 
.~ 

SIN 

~ (FIRST BYTE) 

SAMPLECLK I I 

=~.i 
SEE NOTE 2 

) ACTIVE 

SEE NOTE 1 

/ - tRINT 

FIGURE 14: Receiver Ready (Pin 29) FeR DO = 0 or FeR DO = 1 and FeR 03 = 0 (Mode 0) 

'1m, RD (2. 

(RDRBR) (.., )< ACTIVE 
~ 

SEE NOTE 1 
SIN 

~ (FIRST BYTE THAT 
REACHES THE 

TRIGGER LEVEL) 

SAMPLECLK I I 
JOOmY 

~ / 
f.-o. tRINT 

SEE NOTE 2 

FIGURE 15: Receiver Ready (Pin 29) FeR DO = 1 and FeR 03 = 1 (Mode 1) 

Note 1: This is the reading of the last byte in the FI FO 

Note 2: If· FeR DO = 1, then tSINT = 3 RCLKs. For a timeout interrupt, tSINT = 8RCLKs. 
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APPLICATIONS INFORMATION 
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FIGURE 16: Typical Application Showing Modem Interface 
to Peripheral-Bus via SSI 73M550 UART 
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UART with FIFOs 

APPLICATIONS INFORMATION (Continued) 

28-PIN VERSION 

The 73M550 is available in two 28-pin configurations: SSI73M1550 and SS173M2550. The relation between 
these two products and the 40-pin version is shown in the accompanying diagram. Note that the only difference 
between the 73M1550 and 73M2550 is that the 73M2550 adds the (lPRST pin at the expense of the XOUT pin. 

SSI73M1550/2550 

+JV 
oo~-+---fi~~~$D7a~~i®~~-J----------~vcc 
01 1---+---1 
021---+--1 
03t---+--I 

041---+--1 
051---+--1 
06t---+--I 

071---+--1 

SIN I---+-t--f 

SOUT I---+-t--I 

CS2 1----1--1 

XIN t-----I' 

1-------+--1 OeD 

,.t------+---I OSR 
.t------t--f CTS 

tM~rr------._--+--IMR 

TR:I----+-+--+--I OTR 
]------1--+--+--t RTS 

~[ll-----+--+~I--'t---I AO 

~1+---+-+-+-+--1 A1 
~Zl-----+--+~I--t---I A2 

~t-""1IINTRPT 

RI 

IlPRST* 

ti~~~~~iI~R~~t-~------~RO 

~ ______________________________________ ~VSS~ 

*SS173M2550 only. 
**SSI73M1550 only. 

FIGURE 17: Adapter Diagram Showing Internal Connections and 
Bond-outs from 40-pln to 28-pln Packages 
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PACKAGE PIN DESIGNATIONS 
(Top View) 

'" f:! c 8 ~ ~ ~ 8 f:! C 8 ~ ~ ~ 0 

4 3 2 28 27 26 4 3 2 28 27 26 

a <m" a 25 <m" 

MR 24 MR 

nm 23 nm 
J:ITS 22 m'S 

SIN 21 AD 21 AD 

SOUT A1 SOUT 20 A1 

CS2 A2 CS2 19 A2 
12 13 14 15 16 17 18 12 13 14 15 16 17 18 

z I- ~ ~ ~ Iii: I- Z ~ 
en ~ Iii: t; l-

X :::l Q. X en Q. 

~ > II: > II: II: 
l- ll. I-
;l; ::!. ;l; 

SSI73M1550 UART SSI 73M2550 UART 
28-PIN PLCC 28-PIN PLCC 

DO vee DO vee 

01 Deli 01 15C[j 

02 ~ 02 nsR" 

03 CTS 03 erg 

04 MR 04 MR 

05 m'R 05 1lTR 

06 mS" 06 'RfS 

07 AD 07 AD 

SIN A1 SIN A1 

SOUT A2 SOUT A2 

CS2 INTRPT CS2 INTRPT 

XIN m XIN I1PRST 

XOUT lID WR" m 
WR" vss VSS lID 

SSI 73M1550 UART SSI 73M2550 UART 
28-PIN DIP 28-PINDIP 
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PACKAGE PIN DESIGNATIONS (Continued) 
(Top View) 

SSI 73M550 4O-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI73M550 40-pin PDIP 
44-Din PLCC 

SSI73M1550 28-pin PDIP 
28-Din PLCC 

SSI73M2550 28-pin PDIP 
28-pin PLCC 

• 54" 2 1 4443424'40 
05 7 

os • 
07 • 

RClK ,. 

SIN 11 

NIC " 
SOUT 13 

CSO I. 
CSl ,. 
"Om! " 

II7illlmllT 17 ,. ,. .. 21 

SSI73M550 

22 ZI .. os IS 27 IS 

39 MR 

.. 00Tf 

31 1l'm .. ~ .. ~ .. NIC 

33 INTRPT .. NIC 

31 NJ .. Al .. A2 

~ § ~ ~ ~ ~ ~ ~ ~ § ~ 
)( fl 

SSI 73M550 44-Pln PLCC 

ORDER NO. 

SS173M550-IP 
SSI 73M550-IH 

SS173M1550-IP 
SS173M1550-IH 

SSI 73M2550-IP 
SSI 73M2550-IH 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

PKG.MARK 

73M550-IP 
73M550-IH 

73M1550-IP 
73M1550-IH 

73M2550-IP 
73M2550-IH 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 

©1989 Silicon Systems,lne. 2-246 0890- rev. 



DESCRIPTION 

The SSI73M1450 and 73M2450 are 28-pin UART ICs. 
These devices provide the majority of functions per
formed by the 40-pin SSI 73M450 UART (16C450 
compatible), and include additional features. Byelimi
nating redundant pins and minor functions, the 
73M1450/2450 retain major compatibility with the 
73M450 while reducing the device from a 40-pin pack
age to a 28-pin package. The 73M1450/2450 are 
primarily used in the interface between a serial data 
port and the parallel peripheral bus in microprocessor 
systems. 

The 73M 1450/2450 provide enhanced functions not 
found in the 73M450 UART. These functions include 
a bit-programmable oscillator disable for power con
servation, a bit-programmable high impedance state 
on the INTRPT pin, and mPRST pin available on the 
73M2450 for resetting external hardware. 

(Continued) 

BLOCK DIAGRAM 

SO< 

SOIIT 

• Available on the 73M1450 only. •• Available on the 73M2450 only. 2-247 

SS173M1450/2450 
Universal Asynchronous 

Receiver/Transm itter 

July, 1990 

FEATURES 

• Compact, 28-pln DIP or PLCC package types 

• Bit programmable oscillator disable provides 
a shut-down mode while retaining memory 

• Bit programmable high impedance state of 
INTRPTpln 

• mPRST pin for external hardware reset 
(73M2450) 

o High drive current for directly driving large 
loads 

o Full CMOS design for low-power, quiescent 
operation 

• Available In two versions: 

01 

SOOT 

~ 

XIN 

XOUT 

WI'! 

73M1450 features XIN & XOUT pins for 
crystal connection 
73M2450 features XIN pin for external 
clock Input, and mPRST pin for external 
hardware reset 

PIN DIAGRAM 

vee DO vee 
tx:cr 01 tx:cr 

DSl'I DSl'I 

m m 
MR MR 

DTR' DTR' 

'RTS' 'RTS' 

AO AO 

A1 A1 

A2 SOUT A2 

INTRPT ~ INTRPT 

m XIN IlPRST 

lID WI'! m 
VSS VSS 1![j 

73M1450 73M2450 
28-Pln DIP 28-Pln DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 73M1450/2450 
Universal Asynchronous 
Receiver/Transmitter 

DESCRIPTION (Continued) 

The 73M1450/2450 eliminates the following pins from 
a 73M450 UART in orderto achieve the smaller, 28-pin 
package configuration: RCLK, CSO, CS1, BAUDOUT, 
OUT1, RD, DDIS, CSOUT, ADS, OUT2, and WR. The 

73M1450 and 73M2450 differ in one feature only: the 
73M1450 retains the XIN and XOUT pins found in the 
73M450 for connection to the external crystal, the 
73M2450 replaces the XOUT pin with a I1PRST pin 
used for resetting external hardware. The 73M2450 is 
then driven with an external clock input at the XIN pin. 

PIN DESCRIPTION 

BUS INTERFACE 

NAME 73M1450 73M2450 TYPE DESCRIPTION 

CS2 11 11 I Chip Select: The UART is selected when CS2 is low. This 
enables communication between the UART and the CPU. 

AO-2 21-19 21-19 I Register Select Address: These pins determine which UART 
register is being selected during a read or write on the UART 
Data Bus. The contents of the DLAB bit (07) in the Line 
Control Register (see Table 1) also controls which register is 
referenced. 

RD 16 15 I Read Strobe: A request to read status information or data 
from a selected register may be made by pulling RD low while 
the chip is selected. 

WR 14 13 I Write Strobe: A request to write control words or data into a 
selected register may be made by pulling WR low while the 
chip is selected. 

00-7 1-8 1-8 1/0 UART Data Bus (three-state): This bus provides bi-direc-
tional communications between the UART and the CPU; 
data, control words and status information are transferred via 
this bus. 

INTRPT 18 18 0 Interrupt (three-state): Goes high whenever anyone of the 
following interrupt types occurs: Received Data, Transmitter 
Holding Register Empty, Receiver Line Status, and Modem 
Status. These interrupt types must be enabled via the I ER for 
the INTRPT pin to become active. The INTRPT pin is reset 
low upon the appropriate interrupt service or a master reset 
operation. The INTRPT pin operation is enabled by setting 
the OUT2 bit (03) in the Modem Control Register. When the 
OUT2 bit (03) is reset to zero, the INTRPT pin is forced into 
a high impedance state. 
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DATA 1/0 

NAME 73M1450 73M2450 

SIN 9 9 

SOUT 10 10 

MODEM CONTROL 

NAME 73M1450 73M2450 

RTS 22 22 

CTS 25 25 

OTR 23 23 

OSR 26 26 

OCO 27 27 

RI 17 16 

0790 - rev. 

TYPE 

I 

0 

TYPE 

0 

I 

0 

I 

I 

I 

SSI 73M1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

DESCRIPTION 

Serial Input: Input for serial data from the communications 
link (peripheral device, modem or data set). 

Serial Output: Output for serial data to the communications 
link (peripheral device,modem or data set). This signal is set 
high upon a Master Reset. 

DESCRIPTION 

Request To Send: This output is programmed by RTS bit 
(01) of the Modem Control Register and represents the 
compliment of that bit. It is used in modem handshaking to 
signify that the UART has data to transmit. This signal is set 
high upon Master Reset or during loop mode operation. 

Clear To Send: A modem status input whose condition is 
complimented and reflected in the CTS bit (04) olthe Modem 
Status Register. When CTS is low, it indicates that commu-
nications have been established and that data may be 
transmitted. 

Oata Terminal Ready: This output is programmed by OTR bit 
(00) of the Modem Control Register, and represents the 
compliment of that bit. It is used in modem handshaking to 
signify that the UART is available to communicate. This 
signal is set high upon Master Reset or during loop mode 
operation. 

Oata Set Ready: A modem status input whose condition is 
complimented and reflected in the OSR bit (05) olthe Modem 
Status Register. When OSR is low, it indicates that the 
modem is ready to establish communications. 

Oata Carrier Oetect: A modem status input whose condition 
is complimented and reflected in the oeo bit (07) of the 
Modem Status Register. When oeo is low, it indicates that 
the modem is receiving a carrier. 

Ring Indicator: A modem status input whose condition is 
complimented and reflected in the RI bit (06) of the Modem 
Status Register. When RI is low, it indicates that a telephone 
ringing signal is being received. 
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SSI 73M1450/2450 
Universal Asynchronous 
Receiver/Transmitter 

GENERAL & CLOCKS 

NAME 73M1450 73M2450 TYPE 

VCC 28 28 I 

VSS 15 14 I 

MR 24 24 I 

XIN 12 12 1/0 
XOUT 13 N/A 1/0 

JlPRST N/A 17 0 

DESCRIPTION 

+5V Supply, ±10%: Bypass with 0.1 JlF capacitor to GND. 

System Ground. 

Master Reset: When high, this input clears all UART control 
logic and registers, except for the Receiver Buffer, Transmit-
ter Holding and Divisor Latches; also, the state of output 
signals SOUT, INTRPT, RTS and DTR are affected by an 
active MR input. This input is buffered with a TTL-compatible 
Schmitt Trigger. 

External System Clock 1/0: These two pins connect the main 
timing reference (crystal or signal clock) to the UART. 

Additionally, XIN may be driven by an external clock source. 
The XOUT pin is not available on the 73M2450 which 
requires an external clock connected to the XIN pin. 

Microprocessor Reset: This output Signal is used to provide 
a hardware reset to a local controller. This pin becomes 
active high when the MR pin is pulled high or OUT1 bit (02) 
of the Modem Control Register is set. The JlPRST function is 
available with the 73M2450 device only. 
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SSI 73M1450/2450 
Universal Asynchronous 

ReceiverlTransmitter 

TABLE 1: CONTROL REGISTER ADDRESS TABLE 

DLAB A2 A1 AD REGISTER 

0 0 0 0 Receiver Buffer Register (read), Transmitter Holding Reg. (write) 

0 0 0 1 Interrupt Enable Register 

X 0 1 0 Interrupt Identification Register (read only) 

X 0 1 1 Line Control Register 

X 1 0 0 Modem Control Register 

X 1 0 1 Line Status Register 

X 1 1 0 Modem Status Register 

X 1 1 1 Scratch Register 

1 0 0 0 Divisor Latch Register (least significant byte) 

1 0 0 1 Divisor Latch Register (most significant byte) 

TABLE 2: UART RESET FUNCTIONS 

REGISTER/SIGNAL RESET CONTROL RESET STATE 

Interrupt Enable Register Master Reset All bits low (0-3 forced and 4-7 perma-
nent) 

Interrupt Identification Register Master Reset Bit 0 is high; bits 1 & 2 are low; bits 3-7 
are permanently low 

Line Control Register Master Reset All bits low 

Modem Control Register Master Reset All bits low 

Line Status Register Master Reset All bits low, except bits 5 & 6 are high 

Modem Status Register Master Reset Bits 0-3 are low; bits 4-7 = input signal 

SOUT Master Reset High 

INTRPT (RCVR Errs) Read LSR/MR Low 

INTRPT (RCVR Data Ready) Read RBR/MR Low 

INTRPT (THRE) Read IIR/Write THR/MR Low 

INTRPT (Modem Status Changes) Read MSR/MR Low 

RTS Master Reset High 

DTR Master Reset High 

j.lPRST Master Resetlset OUT1 bit High during active Master ResetlOUT1 
bit; low afterwards 
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Receiver/Transmitter 

CONTROL REGISTER OVERVIEW 

REGISTER 

REGISTER ADDRESS 
07 06 

~~~ 
RECEIVER 
BUFFER RBR 000 BIT7 BIT 6 REGISTER DLAB _ 0 (MSB) 

(READ ONLy) 

TRANSMIT 
HOLDING THR 000 BIT 7 BIT 6 REGISTER DLAB _ 0 (MSB) 

(WRITE ONLY) 

INTERRUPT 
ENABLE IER 001 0 0 

REGISTER 
DLAB _ 0 

INTERRUPT 
10 010 

REGISTER 
IIR DLAB_X 0 0 

(READ ONLy) 

LINE DIVISOR 
011 LATCH SET CONTROL LCR DLAB -x ACCESS BREAK REGISTER (DLAB) 

MODEM 
CONTROL MeR 100 OSC 0 DLAB_ X OFF REGISTER 

LINE TRANSMIT-
STATUS LSR 101 0 TEREMPTY 

REGISTER 
DLAB_X (TEMT) 

MODEM DATA 
STATUS 110 CARRIER 

RING 
REGISTER MSR DLAB -x DETECT 

INDICATOR 
(READ ONLy) (DCD) 

(RI) 

SCRATCH SCR 111 BIT 7 BIT6 REGISTER DLAB-X 

DIVISOR 000 LATCH DLL DLAB-l BIT 7 BIT 6 
(LS) 

DIVISOR 001 LATCH DLM DLAB _1 BIT15 BIT 14 
(MS) 

05 

BIT 5 

BIT 5 

SSI 
MODE 

0 

STICK 
PARITY 

0 

TRANSMIT 
HOLDING 
REGISTER 

EMPTY(THRE) 

DATA 
SET READY 

(DSR) 

BIT5 

BIT5 

BIT 13 
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DATA BIT NUMBER 

04 03 02 01 DO 

BIT4 BIT3 BIT2 BIT 1 BIT 0 
(LSB) 

BIT 4 BIT 3 BIT2 BIT 1 BIT 0 
(LSB) 

ENABLE ENABLE ENABLE ENABLE 

0 MODEM REC. LINE THR REC.DATA 
STATUS STATUS EMPTY AVAILABLE 

INTERRUPT INTERRUPT INTERRUPT INTERRUPT 

INTERRUPT INTERRUPT "0" IF 
0 0 10 10 INTERRUPT 

BIT 1 BIT 0 PENDING 

EVEN PARITY 
NUMBER WORD WORD 

PARITY OF STOP LENGTH LENGTH 
saECT ENABLE BITS saECTl SELECT 0 

(EPS) (PEN) (STB) (WLS1) (WLSO) 

OUT2 OUTI REQUEST DATA 
LOOP ~w:.~rJ) (I'PRST TO SEND TERMINAL 

READY 
CNTRL) (RTS) (DTR) 

BREAK FRAMING PARITY OVERRUN DATA 
INTERRUPT ERROR ERROR ERROR READY 

(BI) (FE) (PE) (OE) (DR) 

DaTA TRAILING DELTA DaTA CLEAR 
DATA CARR. EDGE RING DATASET CLEAR TO SEND 

DETECT INDICATOR READY TO SEND (CTS) 
(DDCD) (TERI) (DDSR) (DCTS) 

BIT4 BIT 3 BIT 2 BIT 1 BIT 0 

BIT4 BIT 3 BIT 2 BIT 1 BIT 0 

BIT 12 BIT 11 BIT 10 BIT9 BITS 
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REGISTER BIT DESCRIPTIONS 

SSI 73M1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

RECEIVER BUFFER REGISTER (RBR) (READ ONLY) 
UART ADDRESS: A2· AD = 000, DLAB = 0 

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

TRANSMIT HOLDING REGISTER (THR) (WRITE ONLY) 
UART ADDRESS: A2 - AD = 000, DLAB = 0 

This write only register contains the parallel data to be trans milled. 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) 
UART ADDRESS: A2· AD = 001, DLAB = a 

This 8-bit register enables the four types of interrupts of the UART to separately activate the chip Interrupt 
(INTRPT) output signal. This register also allows access to the chip's special SSI mode which contains the 
oscillator disable function. It is possible to totally disable the interrupt system by reselling bits DO through 03 
of the Interrupt Enable Register. Similarly, by selling 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. All other system functions operate in their normal manner, including 
the setting of the Line Status and Modem Status Registers. 

The chip's SSI mode can be activated by setting bit 05. Once in the SSI mode, the chip can be placed in a 
power shut-down state by setting bit 07 in the Modem Control Register. 

BIT NAME CONDo DESCRIPTION 

00 Received Data 1 This bit enables the Received Data Available Interrupt 
when set to logic 1. 

01 Transmitter Holding 1 This bit enables the Transmitter Holding Register 
Register Empty Empty Interrupt when set to logic 1 . 

02 Receiver Line 1 This bit enables the Receiver Line Status 
Status Interrupt Interrupt when set to logic 1. 

03 Modem Status 1 This bit enables the Modem Status Interrupt when set to 
logic 1. 

04 Not used 0 Always logic O. 

05 SSI Mode 0 Disables chip's SSI Mode; normal operation. 

1 Enables chip's SSI mode. In this mode, chip can be 
placed into power shut-down by setting bit 07 in modem 
control register. 

06-07 Not used 0 Always logic O. 
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SSI 73M1450/2450 
Universal Asynchronous 
Receiver/Transmitter 

INTERRUPT ID REGISTER (IIR) (READ ONLY) 
UART ADDRESS: A2· AO = 010 

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

BIT NAME CONDo DESCRIPTION 

DO Interrupt Pending 0 This bit can be used in either a hardwired prioritized or polled 
environment to indicate whether an interrupt is pending. 
When bit DO is a logiC 0, an interrupt is pending and the IIR 
contents may be used as a pointer to the appropriate interrupt 
service routine. 

1 When bit DO is a logic 1, no interrupt is pending. 

D1, D2 Interrupt ID bits 0, 1 Table These two bits of the IIR are used to identify the highest 
below priority interrupt pending as indicated in the following table. 

D3 - D7 Not Used 0 These five bits of the IIR are always logic O. 

INTERRUPT PRIORITY TABLE 

D2 D1 DO PRIORITY TYPE SOURCE RESET 

0 0 1 - None None N/A 

1 1 0 Highest Receiver Line Overrun Error, Reading the Line 
Status Parity Error, Status Register 

Framing Error or 
Break Interrupt 

1 0 0 Second Receive Data Receive Data Reading the Rcvr. 
Available Available Buffer Register 

0 1 0 Third Transmit Holding Transmit Holding Reading IIR Register 
Register Empty Register Empty (if source of interrupt) 

or Writing to Transmit 
Holding Register 

0 0 0 Fourth· Modem Status Clear to Send or Reading the Modem 
Data Set Ready or Status Register 
Ring Indicator or 
Data Carrier Det. 

2-254 0790- rev. 



0790 - rev. 

LINE CONTROL REGISTER (LCR) 
UART ADDRESS: A2 - AD = 011 

SSI 73M1450/2450 
Universal Asynchronous 

ReceiverlTransmitter 

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 ofthe 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 NAME CONDo DESCRIPTION 

00 Word Length Bits 00 and 01 select the number of data bits per character 
Select 0 (WLSO) as shown: 

01 Word Length 01 00 Word Length 

Select 1 0 0 5 bits 

(WLS1) 0 1 6 bits 

1 0 7 bits 

1 1 8 bits 

02 Number of Stop Bits o or 1 This bit specifies the number of stop bits in each trans-
(STB) mitted character. If bit 02 is a logic 0, one stop bit is generated 

in the transmitted data. If bit 02 is 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 02 is a logic 1 when eithera 6, 7,or8-bitword 
length is selected, two stop bits are generated. The receiver 
checks the first stop bit only, regardless of the number of stop 
bits selected. 

03 Parity Enable 1 This is the Parity Enable (PEN) bit. When set to a logic 1, a 
(PEN) 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). 

04 Even Parity Select 10rO This is the Even Parity Select (EPS) bit. When bit 03 is a 
(EPS) logic 1 and bit 04 is a logiC 0, an odd number of logic 1's is 

transmitted or checked in the data word bits and parity bit. 
When bit 03 is a logic 1 and bit 04 is a logic 1, an even number 
of logic 1's is transmitted or checked. 
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SSI 73M1450/2450 
Universal Asynchronous 
Receiver/Transmitter 

LINE CONTROL REGISTER (LCR) (Continued) 

BIT NAME CONDo DESCRIPTION 

D5 . Stick Parity 10rO This is the Stick Parity bit. When bit D3 is a logic 1 and bit D5 
is a logic 1, the parity bit is transmitted and checked by the 
receiver as a logic 0 if bit D4 is a logic 1 or as a logic 1 if bit 
D4 is a logic O. 

D5 D4 Parity 

0 0 ODD Parity 

0 1 EVEN Parity 

1 0 MARK Parity 

1 1 SPACE Parity 

D6 Set Break 1 This is the Break Control bit. When set to a logic 1, the serial 
out (SOUT) is forced to a logic 0 state. The break is disabled 
by setting bit D6 to a logic O. This bit acts only on SOUT and 
has no effect on the transmitter logiC. See note below. 

D7 Divisor Latch Access 1 The Divisor Latch Access Bit (DLAB) must be set high 
Bit (DLAB) (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 Holding 
Register, or the Interrupt Enable Register. 

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

1. Load an all O's pad character in response to THRE. 

2. Set break in response to the next THRE. 

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

During the break, the Transmitter can be used as a character timer to accurately establish the break 
duration. 
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MODEM CONTROL REGISTER (MCR) 
UART ADDRESS: A2· AO = 100 

The Modem Control Register controls the interface with the modem, data set or peripheral device. Bits 
D1 and DO are also available as read only bits in the UART Control Register in the Modem Registers. 

BIT NAME CONDo DESCRIPTION 

DO DTR 0/1 This bit controls the Data Terminal Ready (DTR) output. When bit DO 
is set to a logic 1, the DTR output is forced to a logic O. When bit 00 is 
reset to a logic 0, the DTR output is forced to a logic 1. 

D1 RTS 0/1 This bit controls the Request to Send (RTS) output. When bit D1 is set 
to a logic 1, the RTS output is forced to a logic O. When bit 01 is reset 
to a logic 0, the RTS output is forced to a logic 1. 

D2 OUT1 0/1 This bit controls the IlPRST output. When bit D2 is set to a logic 1, the 
(IlPRST IlPRST output is forced to a logic 1. When bit D2 is reset to logic 0, the 
control) IlPRST is forced to logic O. 

D3 OUT2 0/1 This bit controls the INTRPT output. When bit D3 is set to logic 1, the 
(INTRPT INTRPT output is enabled. When bit 03 is reset to logic 0, the INTRPT 
enable) output is forced into a high impedance state. 

04 LOOP 0/1 This bit provides a localloopback feature for diagnostic testing of the 
UART. When bit D4 is set to logic 1, the following occurs: the transmitter 
Serial Output (SOUT) is set to the logic 1 state; the receiver Serial Input 
(SIN) is disconnected; the output of the Transmitter Shift Register is 
"looped back" into the Receiver Shift Register input; the four Modem 
Control inputs (CTS, DSR, DCD and RI) are disconnected; the three 
modem control output pins (DTR, RTS and IlPRST) are forced to their 
inactive state; the four modem control register bits DTR, RTS, OUT1 
and OUT2 are mapped to the modem status register bits CTS, DSR, RI 
and DCD, respectively. In the diagnostic mode, data that is transmitted 
is immediately received. This feature allows the processor to verify the 
transmit and received-data paths of the UART. 

In the diagnostic mode, the receiver and transmitter interrupts are fully 
operational. The Modem Control Interrupts are also operational, but the 
interrupts' sources are now the lower four bits of the Modem Control 
Register instead of the four Modem Control inputs. The interrupts are 
still controlled by the Interrupt Enable Register. 

D5-D6 0 These bits are permanently set to logic O. 

07 OSCOFF 0/1 This bit is available only in the SSI mode. Resetting this bit allows 
normal operation. Setting this bit places the chip in a power shut-down 
mode. 
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LINE STATUS REGISTER (LSR) 
UART ADDRESS: A2· AO = 101 

This register provides status information to the CPU concerning the data transfer. Bits 1-4 are the error 
conditions that produce a Receiver Line Status interrupt whenever any of the corresponding conditions are 
detected. The Line Status Register is intended for read operation only. Writing to this register is not 
recommended as this operation is used for factory testing. 

BIT NAME CONDo 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. DR is reset to 0 by reading the data in the Receiver Buffer 
Register. 

01 OE 1 The Overrun Error (OE) bit indicates that the data in the Receiver Buffer 
Register was not read by the CPU before the next character was 
transferred into the Receiver Buffer Register, thereby destroying the 
previous character. OE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

02 PE 1 The Parity Error (PE) bit indicates that the received character did not 
have the correct parity. PE is reset to 0 whenever the CPU reads the 
Line Status Register. 

03 FE 1 The Framing Error (FE) bit indicates that the received character did not 
have a valid stop bit. FE is reset to 0 whenever the CPU reads the 
contents of the Line Status Register. 

04 BI 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). BI is reset to 0 whenever the CPU reads the Line 
Status Register. 

05 THRE 1 The Transmit Holding Register Empty (THRE) is set to a logic 1 when 
a character is transferred from the Transmit Holding Regsiter into the 
Transmit Shift Register, indicating that the UART is ready to accept a 
new character for transmission. In addition, this bit causes the UART 
to issue an interrupt to the CPU when the THRE Interrupt enable is set 
high. THRE is reset to 0 when the CPU loads a character into the 
Transmit Holding Register. 

06 TEMT 1 The Transmit Empty (TEMT) indicates that both the Transmit Holding 
Register and the Transmit Shift Registers are empty. TEMT is reset to 
o whenever the TSR or THR contains a data character. 

07 - 0 Always zero. 
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MODEM STATUS REGISTER (MSR) (READ ONLY) 
UART ADDRESS: A2 - AO = 110 

This register provides the current state ofthe control signals from the modem or peripheral device. In addition, 
four bits provide change information. Whenever bit 0, 1, 2 or 3 is set to logic 1, a Modem Status Interrupt is 
generated; reset to logic 0 occurs whenever they are read. In loop Mode CTS, DSR, RI and DCD are taken 
from RTS, DTR, OUT1, and OUT2 in the Modem Control Register respectively. 

BIT NAME CONDo 

DO DCTS 1 

D1 DDSR 1 

D2 TERI 1 

D3 DDCD 1 

D4 CTS 1 

05 DSR 1 

D6 RI 1 

D7 DCD 1 

SCRATCH REGISTER (SCR) 
ADDRESS: A2 - AO = 111 

DESCRIPTION 

The Delta Clear to Send (DCTS) bit indicates that the CTS input to the 
chip has changed state since the last time it was read by the CPU. 

The Delta Data Set Ready (DDSR) bit indicates that the DSR input to the 
chip has changed state since the last time it was read by the CPU. 

The Trailing Edge of the Ring Indicator (TERI) detect bit indicates that 
the RI input to the chip has changed from an Off (logic 0) to an On (logic 
1) condition. 

The Delta Data Carrier Detect (DDCD) bit indicates that the DCD input 
to the chip has changed state. 

This bit is the complement of the Clear To Send (CTS) input. If bit D4 
(loop) of the MCR is set to a 1, this bit is equivalent to RTS in the MCR. 

This bit is the complement of the Data Set Ready (DSR) input. If bit D4 
of the MCR is set to a 1, this bit is the equivalent of DTR in the MCR. 

This bit is the complement of the Ring Indicator (RI) input. If bit 04 of 
the MCR is set to a 1, this bit is equivalent to OUT1 in the MCR. 

This bit is the complement of the Data Carrier Detect (DCD) input. If bit 
D4 of the MCR is set to a 1, this bit is equivalent to OUT2 in the MCR. 

This a-bit ReadiWrite Register does not control the UART in any way. It is intended as a scratchpad register 
to be used by the programmer to hold data temporarily. 

DIVISOR lATCH (lS) (Dll) 
ADDRESS: A2 - AO = 000, DlAB = 1 

This register contains the least significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

DIVISOR lATCH (MS) (DlM) 
ADDRESS: A2 - AO = 001, DlAB = 1 

This register contains the most significant byte of the divisor which is used to control the rate of the 
programmable baud generator. 

2-259 



SSI 73M1450/2450 
Universal Asynchronous 
Receiver/Transmitter 

PROGRAMMABLE BAUD GENERATOR 

The UART contains a programmable Baud Generator that is capable of taking any clock input (DC to 4 MHz) 
and dividing it by any divisor from 1 to 216_1. The output frequency of the Baud Generator is 16 x the Baud 
[divisor # = (frequency input)+(baud rate x 16)]. Two 8-bit latches store the divisor in a 16-bit binary format. 
These Divisor Latches must be loaded during initialization in order to ensure desired operation of the Baud 
Generator. Upon loading either of the Divisor Latches, a 16-bit Baud counter is immediately loaded. This 
prevents long counts on initial load. 

Tables 3 and 4 illustrate the use of the Baud Generator with crystalfrequencies of 1.8432 MHz and 3.072 MHz 
respectively. For baud rates of 38400 and below, the error obtained is minimal. The accuracy of the desired 
baud rate is dependent on the crystal frequency chosen. 

TABLE 3: BAUD RATES USING 1.8432 MHZ CRYSTAL 

DIVISOR USED PERCENT ERROR 
DESIRED TO GENERATE DIFFERENCE BETWEEN 

BAUD RATE 16 X CLOCK DESIRED AND ACTUAL 

50 2304 -
75 1536 -
110 1047 0.026 

134.5 857 0.058 

150 768 -
300 384 -
600 192 -
1200 96 -
1800 64 -
2000 58 0.69 

2400 48 -
3600 32 -
4800 24 -
7200 16 -
9600 12 -
19200 6 -
38400 3 -
56000 2 2.86 
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TABLE 4: BAUD RATES USING 3.072 MHZ CRYSTAL 

DIVISOR USED 
DESIRED TO GENERATE 

BAUD RATE 16 X CLOCK 

50 3840 

75 2560 

110 1745 

134.5 1428 

150 1280 

300 640 

600 320 

1200 160 

1800 107 

2000 96 

2400 80 

3600 53 

4800 40 

7200 27 

9600 20 

19200 10 

38400 5 
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PERCENT ERROR 
DIFFERENCE BETWEEN 
DESIRED AND ACTUAL 

-
-

0.026 

0.034 

-
-
-
-

0.312 

-
-

0.628 

-
1.23 

-
-
-
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ABSOLUTE MAXIMUM RATINGS 
(TA = -40°C to +8SoC, VCC = SV ± 10%, unless otherwise noted. Operation above absolute maximum 
ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

VCC Supply Voltage +14V 

Storage Temperature -65°C to 1S0°C 

Lead Temperature Soldering, 10 sec. 260°C 

Applied VoHage -D.3 to Voo + 0.3 

DC CHARACTERISTICS 
(TA = -40°C to +8SoC, VCC = sv ± 10%, unless otherwise noted.) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

VILX Clock input Low voHage -D.S 0.8 V 

VIHX Clock input High VoHage 2.0 Vee V 

VIL Input Low Voltage -D.S 0.8 V 

VIH Input High Voltage 2.0 Voo V 

VOL Output Low Voltage IOL = 4.0 rnA 0.4 V 
(except XOUT) 

VOH Output High Voltage IOH = S.O rnA on all 2.4 V 
outputs except XOUT 

100 Power Supply Current See Note 1 S 10 rnA 

100 Power Supply Current See Note 2 SO ~ 

ilL Input Leakage VCC=S.2SV, GND=OV. ±10 ~ 
All other pins floating. 

ICL Clock Leakage VIN=OV, S.2SV ±10 ~ 

IOZ 3-State Leakage VCC=S.2SV, VSS=OV, ±20 ~ 
VOUT =OV, S.2SV 
1) Chip deselected 
2) Chip & write mode 
selected 

VILMR MR Schmitt VIL 0.8 V 

VIHMR MR Schmitt VIH 2.0 V 

Note 1: VCC = S.2SV, TA = 2SoC; No loads on outputs. SIN, DSR, DCD, CTS, RI = 2.4V. All other inputs 
= 0.4V. Baud Rate Gen. = 4 MHz; Baud Rate = SO KHz. 

Note 2: VCC = S.SV, TA = -45°C; No output load; CMOS level inputs; Oscillator disabled or XIN = VCC 

2-262 0790- rev. 



CAPACITANCE 

SSI 73M1450/2450 
Universal Asynchronous 

Receiver/Transmitter 

(TA = 25°C, VCC = VSS = OV, fc = 1 MHz, unmeasured pins returned to VSS) 

PARAMETER CONDITIONS 

CXTAL2 Clock Input Capacitance 

CXTAL1 Clock Output Capacitance 

CI 

CO 

Input Capacitance 

Output Capacitance 

EXTERNAL 
CLOCK 

OPTIONAL 
CLOCK 
OUTPUT XOUT 

- OSC. CLOCKTO 
BAUD GEN. LOGIC 

MIN NOM 

15 

20 

6 

10 

MAX UNITS 

20 

30 

10 

20 

osc. CLOCK TO 
BAUD GEN. LOGIC 

pF 

pF 

pF 

pF 

""I 
C1 = 10-30 pF 
C2 = 40-60 pF 

RP= 1 Mil 
RX2 = 1.5K 

CRYSTAL = 1.8 - 3.1 MHz 

FIGURE 1: Typical Clock Circuits 

FIGURE 2: External Clock Input* 
(4 MHz Maximum) 

0.4 v' 

'The a4Y and Q,4V leyels •• !he voltages flat h. nputa .e "'wen to dning AC IHIing. 

2Jh. 2.0V and O.8V lev ••• the voltages at which 'mng tecta are made. 

FIGURE 3: AC Test Polnts* 

* All timings are referenced to valid 0 and valid 1. 
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AC CHARACTERISTICS (TA = -40°C to +85°C, VCC = 5V ± 10%, unless otherwise noted.) 

READ & WRITE CYCLE (Refer to Figures 4 & 5.) 

PARAMETER CONDITIONS MIN MAX 

tCSR RD Delay from Chip Select 50 

tAR RD Delay from Address 60 

tRD RD Strobe Width 125 

tRC Read Cycle Delay 175 

RC Read Cycle See Note 1 360 

tRVD Delay from RD to Data 100 pF load 125 

tHZ RD to Floating Data Delay 100 pF load 0 100 
See Note 2 

tRA Address Hold Time from RD 20 

tRCS Chip Select Hold TIme 20 
from RD 

tCSW WR Delay from Select 50 

tAW WR Delay from Address 60 

tWR WR Strobe Width 100 

tWC Write Cycle Delay 200 

WC Write Cycle=tAW+tWR+tWC 360 

tOS Data Setup TIme 40 

tOH Data Hold Time 40 

tWA Address Hold Time from WR 20 

tWCS Chip Select Hold time 20 
fromWR 

tMRW Master Reset Pulse Width 5 

tXH Duration of Clock High Pulse External Clock 100 
(4 MHz max.) 

tXL Duration of Clock Low Pulse External Clock 100 
(4 MHz max.) 

Note 1: RC = tAR + tRD + tRC 
Note 2: Charge and discharge time is determined by VOL, VOH and the external loading. 
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UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.IS 

ns 

ns 
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VALID 

i4---ICSA---M----I---- ~ 

AD __ J!:==~IA~A==~r -J~==~=::;;:::::!!. __ ~ 
ACTIVE 

~--~ t 

WA----------~--~~----~~)---~~ 
<: \ ACTIVE 

DATA 
00-07 

A2-AO ~~ ---./1\ 

\-
\. 

ICSW 
lAW 

FIGURE 4: Read Cycle Timing 

VALID ~(. 
1\ 

.... IWA-=. 

VALID -,r-
1 

4-IWCS-. 

WC 
IWA IWC 

~<-
\ 

ACTIVE j/ 

IDS .. It-IDH 

FIGURE 5: Write Cycle Timing 
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AC CHARACTERISTICS (Continued) 

TRANSMITTER (Refer to Figure 6.) 

PARAMETER 

tHR 

tlRS 

tSI 

tSTI 

tlR 

Delay from falling edge of 
WR (WR THRlto Reset 
Interrupt 

Delay form InitiallNTR Reset 
to Transmit Start 

Delay from Initial Write 
to Interrupt 

Delay from Stop to Interrupt 
(THRE) 

Delay from RD (RD IIR) 
to Reset Interrupt (THRE) 

SERIAL OUT 
(SOUn 

INTRPT 
(THRE) 

WR" 
(WRTHR) 
(NOTE I) 

CONDITIONS MIN MAX UNITS 

100 pF load 175 ns 

24 40 BAUDClK 
cycles 

16 32 BAUD ClK 
cycles 

8 8 BAUDClK 
cycles 

100 pF load 250 ns 

~ _________________ ~IIR 
(ROIIR) 

(NOTE 2) 

NOTES: 

I. SEE WRITE CYCLE TIM ING 
2. SEE READ CYCLE TIMING 

FIGURE 6: Transmitter Timing 
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AC CHARACTERISTICS (Continued) 

MODEM CONTROL (Refer to Figure 7.) 

PARAMETER 

tMDO 

tSIM 

tRIM 

Delay from WR (WR MCR) 
to Output 

Delay to Set Interrupt 
from Modem Input 

Delay to Reset Interrupt 
from RD (RS MSR) 

WIt 
(WRMCR) 

(NOTE 1) 

INTRPT 

tSlM 

m5 --------,. 
(RDMSR) 
(NOTE 2) 

NOTES: 

1. SEE WRITE CYCLE TIMING 
2. SEE READ CYCLE TIMING 

CONDITIONS 

100 pF load 

100 pF load 

100 pF load 

SSI 73M1450/2450 
Universal Asynchronous 

Receiver/Transm itter 

MIN MAX UNITS 

200 ns 

250 ns 

250 ns 

FIGURE 7: Modem Controls TIming 
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AC CHARACTERISTICS (Continued) 

RECEIVER (Refer to Figure 8.) 

PARAMETER 

tSCD Delay from RClK to 
Sample TIme 

tSINT Delay from Stop to 
Set Interrupt 

tRINT Delay from RD 
(RD RBR/RDlSR) to 
Reset Interrupt 

CONDITIONS MIN MAX 

2 

1 

100 pF load 1 

(RECEIVS~~ ~ START / DATA BITS (5-8) STOP ~~
ARITY 

INPUT DATA) \.,-, ---L-----tc 

SAMPLECLK 

tSINT--.I ~ 
INTRPT JL 

(DATA READY -:t-
OR RCVR ERR) _____________ -JJ 

1m 
(SEE NOTE) ----------------.... 

NOTE: SEE READ CYCLE TIMING 

FIGURE 8: Receiver Timing 
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A' 
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A2 
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23 

4 
\XI 
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7 
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'" SI< • 
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,. HOOK 

r-!-:: VCC~+5 RI 
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FIGURE 9: Typical Application Showing Modem Interface 
to PC-Bus via SSI 73M2450 UART 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

SOUT 

MR 

lIrI! 

1IT!I 

SSI73M1450 28-pln DIP 

a s !i 8 ~ ~ m 
• 3 2 I 28 27 .. 

0 

SS173M1450 
28-pln PLCC 

12 13 ,. 15 '6 17 18 

fi~;~Ii!~~ 

ORDERING INFORMATION 

PART DESCRIPTION 

881 73M1450 28-pin PDIP 

28-pin PLCC 

881 73M2450 28-pin PDIP 

28-pin PLCC 

2S ~ 

.. MR 

23 lIrI! 

'" 1IT!I 
21 NJ 

20 ., 
I. A2 

SSI 73M2450 28-pln DIP 

a!'l!i8~~m 
4321282726 

o 

SS173M2450 
28-pln PLCC 

12 13 ,. 15 16 17 18 

ORDER NO. PKG.MARK 

881 73M1450-IP 73M1450-IP 

881 73M1450-IH 73M1450-IH 

881 73M2450-IP 73M2450-IP 

881 73M2450-IH 73M2450-IH 
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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. 
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DESCRIPTION 

The SSI 73M650 Serial Packet Controller (SPC) is a 
multifunction synchronous/asynchronous communi
cationslC that simplifies synchronous communications 
interface to a standard PC peripheral bus. The SPC 
consists of the control and FI FO registers of a 16550A 
UART combined with one channel of an 8530 SCC. 
It operates in two basic configurations. 

The Dual-Processor configuration has two parallel 
interface ports, one for connection to a CPU and the 
other to a local protocol controller. The local controller 
can then use the SCC block for synchronous or 
asynchronous protocols. 

The Single-Processor configuration can be used in 
either a Mailbox or Non-mailbox mode. The Mailbox 
mode uses the same internal configuration as Dual
Processor, but all registers are accessible through only 
one hardware port. This allows the CPU to replace the 
function ofthe local controller while the SPC maintains 
the standard asynchronous interface. In the Non-mail
box mode, the SPC is simply a 16550A and one 
channel of an 8530 in the same package. The user may 
select either the 16550A block or the 8530 block. 

SSI 73M650/1650 
Serial Packet Controller 

tiD "h' ni' Mt.] i' ·bli t.] Ii 
July, 1990 

FEATURES 

Register compatibility with 16550A UART 

Functional superset of a single channel 
8530SCC 

DMA signals available in 44-pin package 

NRZ, NRZI, FM and Manchester encode 
and decode 

32-blt CRC for V.42 compatibility 

3-byte transmit FIFO for SCC 
reduces Interrupt overhead 

External devices can be mapped into PC I/O 
space 

Oscillator disable for low power standby 

Clock pre-divide to allow Input of higher 
frequency processor clocks 

16-byte UART transmit and receive FIFOs 
reduce CPU overhead 

Space-saving 28-pin version (73M1650) 

BLOCK DIAGRAM 

CPU 
Bus 

Interface 
logic 

1 
......• 

2 

16550A 
Registers 

1) Dual Processor Only 

2) Single Processor Only 

/ LocaJlLP " 
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FUNCTIONAL DESCRIPTION 

The SS173M650 Serial Packet Controller (SPC) simpli
fies high speed packetized serial communications in the 
PS/2 or PC bus environment. 

FUNCTIONAL BLOCKS 

The SPC is configured as two main blocks: the 16550A 
Main Processor UART Register block which facilitates 
interface to software packages written for 16450/16550A 
UARTs, and a Serial Communication Controller block 
(SCC) which is an enhanced version of one-channel of 
an 8530. 

16550A UART Register Block 

The UART Register block is hardware- and register
compatible to a 16550A UART and will run most existing 
software packages. Additional bits to control power 
down and other features are available through a special 
hardware mode called Single-Chip-Select (SINGLECS). 

A distinct feature of the 73M650 is the accessibility of all 
these registers to a second processor through Channel
B in the Dual-Processorconfiguration. The local proces
sor can then modify these registers and the data FIFOs 
to perform compression and/or error correction (such as 
V.42bis) at a very high speed. This is not currently 
possible using standard products. 

The scratchpad register, acting as a Mailbox, allows 
communication between the CPU and a local processor 
or microcontroller. 

SCCBlock 

The SCC block implements the operation of one-chan
nel (channel A) of an 8530 SCC. Some improvements in 
the 73M650 over the 8530 may require modifications to 
be made to the software currently available for the 8530. 

The SCC block performs asynchronous data transfer 
and packetized synchronous protocols such as 
Monosync, Bisync, HDLC and SDLC. Included in this 
block are a baud rate generator, a Digital Phase Locked 
Loop (DPLL) for clock recovery, and a three-byte FIFO 
in the SCC transmit and receive path. The SCC block 
has NRZ, NRZI, FM and Manchester data encoding and 
supports a 32-bit CRC useful in the V.42bis error cor
rection standard. 

The SPC can operate at up to 10 Mbitls data rate. The 
crystal rate may be as high as 20 MHz with an internal 
programmable prescaler. 

REGISTER SETS 

The SSI 73M650 SPC contains three register sets: 

Main Processor UART Registers 

This register set is virtually identical to a 16550A register 
set. In a special hardware mode called Single-Chip
Select (SINGLECS), additional bits are introduced into 
these registers. 

Channel A Registers 
This register set is similar to 8530 Channel A registers 
and controls the asynchronous and synchronous serial 
port. 

Channel B Registers 

This register set allows for access by a second proces
sor or software package to the main processor 16550A 
data. An additional register contains a clock prescaler 
and oscillator shut down. 

PRODUCT CONFIGURATIONS 
The SPC is used in either single- or dual-processor 
environments with different applications as follows: 

1. When a local processor is available for high speed 
packetized applications, the Dual-Processor con
figuration is selected by tying the SP pin to GND.ln 
this configuration the local processor and the CPU 
use separate hardware pins to access the SPC. The 
16550A and SCC blocks are accessed indepen
dently. 

2. When no local processor is needed, the SPC is 
used in the Single-Processor configuration and the 
SP pin is connected to +5V. 

For maximum functionality, the SPC can operate in a 
unique register access arrangement called Single-Chip
Select (SINGLECS). This is the 2DlY. operating mode for 
the 28-pin version (73M1650), and can be selected in 
40- and 44-pin versions by tying the ~ and ~ pins 
together. 

Dual-Processor Configuration 

When the SP pin is connected to GND, the SPC is put 
into the Dual-Processor configuration. In this configu
ration, the main CPU and local processor use separate 
address, data and control pins to access the SPC. The 
16550A registers are controlled by the CPU. Some of 
these registers are accessible to a local processor via 
Channel B through separate pins. The local processor 
uses Channel A for serial data transfer. 
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Upon any change in the 16550A register contents and 
FI FOs status, an interrupt can be generated to notify the 
local processor that the CPU has accessed the SPC. 

Note that in Dual-Processor configuration the Modem 
Control and Status signals (RTS, CTS", etc.) are avail
able to the main CPU via the 16550A registers. 

Single-Processor Configuration 
When the SP pin is connected to +5V, the SPC operates 
in the Single-Processor configuration. The CPU has 
access to all of the registers in the SPC using one data 
bus (00-07), one read strobe (RD) and one write strobe 
(WR). The address and chip select pins may be con
nected in the following ways: 

1. When maximum firmware compatibility to 16550N 
8530 operation is desired, the main CPU accesses 
different registers as follows: 

a. CS2, AO-A2 to access main port 16550A 
registers. 

b. MCS", NB, D/C" to access Channel A and 
Channel B. 

2. When maximum functionality is desired, the CS2 
and MCS" pins are tied together to take the SPC into 
the Single-Chip-Select (SINGLECS) mode. In this 
mode, which is the only operating mode for the 
28-pin version (73M1650), new bits are added to 
the 16550A registers to allow for the following 
features: 

a. Firmware control of power-down. 

b. Transmit FIFO trigger level control. 

c. DMA TXRDY and RXRDY status bits. 

d. Programmable access to the three register sets 
using bits 7, 6 of 16550A IER (RSELO, RSEL1 
bits). 

e. Access to an external device by setting both 
RSELO and RSEL 1 bits. In this unique applica
tion of the 73M650, proper signals to access a 
multiplexed address/data bus component (ALE, 
MRD, MWR) are generated allowing access to 
the external device in two cycles. This application 
greatly simplifies the required hardware for 
interface of PC bus to a local device. 
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Mailbox Mode 

When the PE bit (bit 7 of Channel B, CCR) is set, the 
CPU can independently access the 16550A and SCC 
blocks. The SPC has the same internal set-up as the 
Dual-Processor configuration, however the hardware 
access to different registers is through only one data 
bus. The SCC block is now accessible to the CPU. 

This allows the user to develop software drivers for the 
CPU to access and modify the data transmitted or 
received by a standard software package. This feature 
is useful in multi-tasking environments. 

An interrupt can be sent to the CPU to invoke the 
operation of the auxiliary software package whenever 
data is transferred by the main processor. The auxiliary 
software package can then read the data FIFOs, modify 
the data by compression or error correction and transmit 
the new data using the SCC block. 

Non-mailbox Mode 

When the PE bit (bit 7 of Channel B, CCR) is cleared, the 
main CPU can access either the 16550A or SCC 
block.The SPC effectively behaves as either a 16550A 
or a single-channel 8530 in the same package, always 
operating as the block (16550A or 8530) that was last 



SSI 73M650/1650 
Serial Packet Controller 

ooQ 
I 

070 
AD 

PC 
A' BUS 
A2 Buo 

In",'ace 
"elm Log .. 

'Rl! 

WI'! 

~~ 

MR 

Micro Port 
Buo 

"'''''' ... Log .. 

V'Rl! -m:lI" 

oR: 

L-__ J""'<,""LJ'" 

k;:::========~Q MOO 1C===::::::::lL-_----'IC===~ 6 MD7 

, ...... 
Ccn.d ChannelB 

Regis •• Ccn.d 
our, Aegiater. 

our. 

""lIST INTR XOUT XIN 

--101--

FIGURE 1: Dual-Processor Block Diagram 

2-274 

MICRO CONTROLLER 

DeE 

0790 



0790 

OOr:;J 
I 

D7G 

J;1CS' 

Mf 

D,c 

loll 

PC au. 
BUS 

Interface 
Logic 

A2 

lID 

WR 

~;, 

MR ""RST 

* Indicates 28-pin version 

.6550A eon ... 
Reg"'" 

OUT. 

0UT2 

INTR 

SSI 73M650/1650 
Serial Packet Controller 

"!!1m 

mvR External 
Device 

MALE 

1ll!R 

Ill!! 

C'rn 

RTS 

= · = 
DCE 

• TXD 

· RXD 

XOUT XIN 

-{Of---

FIGURE 2: Single-Processor Mailbox Mode Block Diagram 

2-275 



SSI 73M650/1650 
Serial Packet Controller 

mm 
External External 
Device !!I"IR Device Interface 

MALE 

DOr:;:J 
"RT I 

I 

D7G = 
1lSR: 

IlI!:S' 16550A 
Contn>l 1lTR 

Am Rogia_ 

DUn = Die" 
DU12 1frn 

NJ 
PC 
BUS Al TIm: 

A2 = 
m DCE 
WR 

16SSOA 
Transmit RFO 

~~ 16SSOA 
RoceiveRFO 

16SSOA 
Inte~Logic 

INT 

XOllT XIN 

• Indicates 28-pin version -l01-

FIGURE 3: Single-Processor Non-Mailbox Mode Block Diagram 

2-276 0790 



0790 

PIN DESCRIPTION 

SSI 73M650/1650 
Serial Packet Controller 

Pins marked by * are not available in 28-pin version (73M1650). 

NAME TYPE DESCRIPTION 

VDD I +5V Supply, ±10%. Bypass with a .11lF capacitor. 

GND I System Digital Ground. 

SP * I Single-Processor Mode Select. When high, selects Single-Processor mode. 
When low, selects Dual-Processor mode. 

XIN I Crystal/Clock Input. When a crystal is used for the time base, it is connected 
between this pin and XOUT. When an external clock is used, this pin 
requires a TTL logic level signal at maximum frequency of 20 MHz. By 
programming the 4-bit prescaler (bits 0, 1, 2, 3 of Channel B CCR), the 
external clock frequency can be adjusted to supply the required internal 
clock. 

XOUT * 1/0 Crystal output. When a crystal is used for the time base, it is connected 
between this pin and XIN. 

MR I Master Reset. When high, internal registers are initialized. This signal 
should be brought low for the normal operation of the SPC. A high on MR 
generates a high on the IlPRST pin. 

IlPRST * 0 Local Microprocessor Reset. This Signal follows the state of MR signal and 
is used to reset a local microprocessor. Programming the )lPRST bit (bit 2 
of 16550A MCR) to a high will also generate an active high signal on this pin. 

TXD 0 Serial Transmit Data. The serial data is updated on the rising edge of the 
internal transmit clock. The source of transmit clock is either an inverted 
version of the TRXC/RTXC pins signal orthe output of Baud Rate Generator 
or the DPLL. 

TRXC I/O Synchronized Clock. The function of this pin is controlled by the TRXCO/I 
bit (bit 2 of Channel A WR11). If the TRXCO/I bit is set, this pin is an output 
clock whose rising edge can be used to sample TXD signal. If the TRXCOI 
I bit is cleared, this pin functions as an input transmit clock. When the source 
of the transmit clock is selected to be this pin by programming bits 4, 3 of 
Port-A WR11 to 01, the serial transmit data (TXD) pin is updated on the 
falling edge of this signal. When other sources of transmit clock are selected, 
the TXD has no phase relationship to this signal. 

RXD I Serial Receive Data. Serial data is sampled on the falling edge of the internal 
receive clock. The source of the receive clock is either an inverted version 
of the TRXC/RTXC pins signal or the output of Baud Rate Generator or the 
DPLL. 
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PIN DESCRIPTION (Continued) 

Pins marked by * are not available in 28-pin version (73M1650). 

NAME TYPE DESCRIPTION 

RTXC I Synchronized Receive Clock. When an external receive clock source is 
selected by clearing bits 4. 3 of Channel A WR11. the data on the RXD pin 
is sampled on the rising edge of this signal. The received clock may also be 
supplied by the TRXC pin. Baud Rate Generatororthe DPLL. in which case 
this pin has no function. In comparison with the 8530. this pin has no 
accommodation for an external crystal to supply the receive clock. 

TXRDY · 0 DMA Transmit Request. Available on the 44-pin version only; shows the 
status of the 16550A transmit FIFO. In the non-FIFO or 16450 mode (bit 0 
FCR cleared) or when no DMA is selected (bit 3 FCR cleared). TXRDY goes 
active low when there is no character in the transmit FIFO and returns high 
when the first character is loaded into the FIFO. In the FIFO mode (bit 0 FCR 
set) and when DMA is selected (bit 3 FCR set). TXRDY goes active low as 
the transmit FIFO trigger level is reached and goes inactive high when the 
FIFO is completely full. If the Silicon Systems enhancement mode is not 
selected (bit 5 IER cleared). TXRDY goes active when the FIFO is not full. 
This is equivalent to a FIFO trigger level of 15. 

RXRDY • 0 DMA Receive Ready. Available on the 44-pin version only; shows the status 
of the 16550A receive FIFO. In the non-FIFO or 16450 mode (bit 0 FCR 
cleared) orwhen no DMA is selected (bit 3 FCR cleared). this signal goes 
active low when there is at least one character in the receive FIFO. It returns 
inactive high when there are no more characters in the receive FIFO. In the 
FIFO mode (bit 0 FCR set) and DMA operation (bit 3 FCR set). this signal 
goes active low as the receive FIFO trigger level is reached or timeout is 
occurred. RXRDY returns to the inactive high level when there are no 
characters in the receive FIFO. 

TXREQ · 0 DMA Transmit Request. Available on the 44-pin version only; shows the 
status of the 8530 three-byte transmit FIFO. TXREQ goes active high when 
the transmit FIFO is not full. It goes low when the FIFO is completely full. 

RXREQ · 0 DMA Receive Request. Available on the 44-pin version only; shows the 
status of the 8530 three-byte receive FIFO. RXREQ goes active high when 
data is available in the receive FIFO. It goes inactive low when the receive 
FIFO is completely empty. 

MaIn processor 16550A port: 

Fu nction and timing of these pins are similar to 16550A. 

NAME TYPE DESCRIPTION 

DO-D7 I/O Data Bus. This bus provides bi-directional communication between the SPC 
and the main CPU. In Dual-Processor mode. the 16550A registers are 
accessed by this bus. In the Single-Processor mode; 16550A registers. 
Channel A and Channel B registers are accessed by this bus. 
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PIN DESCRIPTION (Continued) 

Main processor 16550A port: (Continued) 

Fu nction and timing of these pins are similar to 16550A. 

Pins marked by * are not available in 28-pin version (73M1650). 

NAME TYPE DESCRIPTION 

AO-A2 I Register Select Address. These signals determine the address of the 
16550A register to be accessed. Eight registers are selected when DLAB 
bit ( bit 7 of 16550A LCR) is low or upon reset. Two additional registers are 
accessed when DLAB is set high. 

CS2 I Chip Select, Main port. When low while RD or WR are low, allows reading 
or writing of the registers. In the Dual-Processor mode only the 16550A 
registers are accessed using this pin. In the Single-Processor mode, 
16550A port as well as Channel A and Channel B registers are accessed 
using this pin. 

RD I Read Strobe. When low while CS2 is low, the contents of the register 
addressed by AO-A2 or NB,Die may be read to the DO-D7 data bus. 

WR I Write Strobe. When low while CS2 is low, the contents olthe DO-D7 data bus 
are written to the register selected by AO-A2 or NB, Die on the rising edge 
of this signal. No change is made to the register which is marked to be 
READ-ONLY. 

INTR I Interrupt, High-impedance. This pin goes high whenever attention is 
requested from the main CPU. Clearing the E1 bit (bit 3 of 16550A MCR), 
places this pin in a high impedance state, allowing multiple ICs to share one 
CPU interrupt signal. 

Channel A and Channel B In Dual-Processor Configuration: 

Pins marked by # have a different function in the Single-Processor configuration. 

NAME TYPE DESCRIPTION 

MDO-7 *# I/O Data Bus, Local Processor: Allows access to Channel A and Channel B. 
This bus is controlled by the local processor. 

NB * I Port Select Address: Controlled by the local processor. When high selects 
Channel A (USART) to transmit and receive data serially. When low allows 
access of the local processor to the main port (16550A) registers through 
Channel B. 

DIC * I Command or Data Select Address: When low, a command register within 
Channel A or Channel B is selected. Command registers are selected in two 
cycles: the register address is first written into the lower four bits of 
command register, and the desired data is subsequently written to the 
selected command register. When high, the serial transmit/receive data is 
transferred in one cycle. 

MCS *# I Chip Select, Local Processor: In combination with the MRD and MWR; 
allows access to Channel A and Channel B registers. 
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PIN DESCRIPTION (Continued) 

Channel A and Channel B In Dual-Processor Configuration: (Continued) 

Pins marked by * are not available in 28-pin version (73M1650). 

Pins marked by # have a different function in the Single-Processor configuration. 

NAME TYPE DESCRIPTION 

MRD *# I Read Strobe, Local Processor. When low while MCS is low, the contents of 
the selected register in Channel A or Channel B is transferred to the data 
bus. The serial data register (Die high) can be read in one cycle. When 
reading the command register (Ole low), the command register address is 
determined by bits 0, 1, 2, 30f WRO. To read a new command register a write 
cycle to WRO to change the register address should be done prior to the read 
cycle. 

MWR *# I Write Strobe, Local Processor. When low while MCS is low, contents of the 
data bus is written into the selected register in Channel A or Channel B if the 
register is not marked READ-ONLY. Writing into the serial data register (01 
e high) can be done in one cycle. When writing the command register (01 
e low), The command register address is determined by bits 0,1,2,3 of 
WRO. To write to a new command register, a write cycle to change the 
register address should be done prior to the write cycle. 

MINT *# 0 Interrupt, Local Processor. When high, notify the local processor that an 
access is made by the main CPU to the SPC registers or an interrupt has 
occurred in the SCC. 

Channel A and Channel B In Single-Processor Configuration: 

Pins marked by * are not available in 28-pin version (73M1650). 

Pins marked by # have a different function in the Dual-Processor configuration. 

NAME TYPE DESCRIPTION 

AlB * I Channel Select Address. When high, selects Channel A (USART) to 
transmit and receive data serially. When low, allows access to the Main 
Processor (16550A) registers through Channel B. This signal is only used 
when the MCS is low. 

DIC * I Command or Data Address Select. When low, a command register within 
Channel A or Channel B is selected. Individual registers are selected in two 
cycles: The address of the register is first written into the lower four bits of 
the command registerthen desired data is subsequently read from or written 
into the command register. When high, the serial transmiVreceive data is 
transferred in one cycle. This signal is only used when the MCS is low. 
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PIN DESCRIPTION (Continued) 

Channel A and Channel B In Single-Processor Configuration: (Continued) 

Pins marked by * are not available in 2S-pin version (73M1650). 

Pins marked by # have a different function in the Dual-Processor configuration. 

NAME TYPE DESCRIPTION 

MCS *# I Chip select, Channel A and Channel B. Access to the SPC registers is 
controlled by this signal and CS2. When these Signals are not tied together 
and individually controlled, the last block selected (16550A or Channel AI 
B) controls the operation of the serial port. When this signal is tied to CS2, 
The SPC is put into the Single-Chip-Select (SINGLECS) mode and access 
to the registers is controlled by two bits in the 16550A lEA register (ASEL 1, 
ASELO). Setting ASEL 1 bit enables access to an external device in two 
cycles.ln the SINGLECS mode, new bits are introduced in the Main 
Processor 16550A registers, allowing additional features. 

MALE *# 0 External Device ALE. When in the Single-Chip-Select (SINGLECS) mode 
and ASEL 1 bit is set, this signal is used by the external device to latch the 
address of its registers. MALE is an inverted version of the WAB signal in 
the first cycle of an external device access. Data is transferred to the 
external device in the subsequent cycle using the MWA or MAD signal. When 
not in the SINGLECS mode, this pin remains high. 

MWA *# 0 External Device Write Strobe. When in the Single-Chip-Select (SINGLECS) 
mode and ASEL 1 bit is set, this signal follows the WA signal issued by the 
main processor in the second cycle of an external device access. Data 
present on the main processor data bus (DO-D7) can be written into the 
external device. When not in SINGLECS mode, this pin remains high. 

MAD *# 0 External Device Aead Strobe. When in the Single-Chip-Select (SINGLECS) 
mode and ASEL 1 bit is set, this signal follows the AD signal issued by the 
main processor in the second cycle of an external device access. Data can 
be read from the external device to the main processor data bus (DO-D7). 
When not in the SINGLECS mode, this pin remains high. 

MINT *# I External Device Interrupt. When in the Single-Chip-Select (SINGLECS) 
mode, a low level on this pin generates an interrupt to the main processor 
on the INTA pin if enabled by the software. When not in the SINGLECS 
mode, this pin is ignored. 

ATS # 0 Request To Send. This signal shows that a DCE (modem) is ready to send 
the data. It is controlled by the RTS bit (bit 1 of 16550A MCR or bit 1, Port-A 
WRS). Setting the RTS bit results in a low level on this pin. Clearing the RTS 
bit would result in this pin going high immediately when the Auto Enable 
featu re is not active. When the Auto Enable feature is active (bit 5, WA3 set), 
this pin goes high only after ATS bit is cleared and transmitter register is 
empty. 
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PIN DESCRIPTION (Continued) 

Channel A and Channel B In Single-Processor Configuration: (Continued) 

Pins marked by * are not available in 28-pin version (73M1650). 

Pins marked by # have a different function in the Dual-Processor configuration. 

NAME TYPE DESCRIPTION 

CTS # I Clear To Send. This signal is used in DCE (modem) handshaking to show 
that the DCE has established the communication and data may be trans-
ferred to DCE. This input is Schmitt triggered and inverted and its status is 
reflected in the CTS bit (bit 4 of 16550A MSR and bit 5, Channel A RRO). If 
the Auto Enable feature is active (bit 5, WR3 set), data is automatically 
transmitted when this pin is low. If the Auto Enable is not selected this pin 
can be used as a general purpose input. The DCTS bit (bit 0 of 16550A MSR) 
is set when a change in the CTS logic level is detected, and it can generate 
an interrupt. 

DTR # 0 Data Terminal Ready. This signal is used in DCE (modem) handshaking to 
signify that the SPC is ready to communicate. This pin is a complement of 
DTR bit (bit 0 of 16550A MCR and bit 7, Channel A WR5). This pin can be 
used as a general purpose output pin . 

DSR • # I Data Set Ready. This signal is used in the DCE (modem) handshaking to 
indicate that the DCE is ready to communicate. This input is Schmitt 
triggered and inverted and its status is reflected in the DSR bit (bit 5 of 
16550A MSR or bit 5, of Channel A RR1 0). This pin can be used as a general 
purpose input pin. Bit DDSR (bit 1 of 16550A MSR) is set when a change in 
DSR logic level is detected, and it can generate an interrupt. 

DCD . I Data Carrier Detect. A DCE (modem) status input indicates thatthe DCE has 
detected the carrier signal on the medium (telephone line). This input is 
Schmitt triggered and inverted and its status is reflected in the DCD bit (bit 7 
of 16550A MSR and bit 3, Channel A RRO). If the Auto Enable feature is 
active (bit 5, Channel A WR3 set), a low level on DCD automatically activates 
the receiver circuity. When the Auto Enable is not selected this pin can be 
used as a general purpose input pin. Bit DDCD (bit 3 of 16550A MSR) is set 
when a change in DCD level is detected, and it can generate an interrupt. 

RI # I Ring Indicator. A DCE (modem) status input indicating the presence of 
ringing voltage on the telephone line. This input is Schmitt triggered and 
inverted and its status is reflected in the RI bit (bit 6 of 16550A MSR and bit 
0, Channel A RR10). This input can be used as a general purpose input 
pin.The TERI bit (bit 2 of 16550A MSR) is set when a high-to-Iow transition 
is detected on this pin, and it can generate an interrupt to the main processor. 
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Tx Transmit Tx Framing 
Ready Break Error 
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0 0 Prescale 
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FIGURE 5: Channel B Registers 
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D2 01 DO 

Register Register Register 
Select Select Select 

2 1 0 
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Bit 2 8it1 

(lSB) 

Bit 2 Bit 1 Bit 0 
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Divisor Enable Enable 
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(Read only) 

0 0 0 

Bit 2 Bit 1 Bit 0 
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2 1 0 

0790 



REGISTER ADDRESS 
WRO(3:O) 

Command 
WRO 0 
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Transfer 
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14 
Control 
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WR15 
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Interrupt (RDIWR) 
Control RR15 
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D7 D6 D5 
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DATA BIT NUMBER 

D4 D3 D2 01 DO 

Command Command Register Register Register 
Code Code Select Select Select 

1 0 2 1 0 

Receive Receive External 
Interrupt Interrupt Parity Txlnt 

Interrupt 
Modo Modo Special Enable Enable 

1 0 

BitO 
Bit 4 Bn3 8it2 Bit 1 (LSB) 

Enter 
Address SYNC 

RxCRC Search Char Receiver 
Hunt Enable Modo Load Enable 
Modo (SDLC) Inhilit 
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Modo Bits Bits 

0 1 0 
Parity Enable 

Send Transmit SDLCJ RTS TxCRC 
Break Enable CRC-16 Enctlle 

9it4 8it3 8it2 Bit 1 Bit a 

Bit 4 Bit3 8it2 Bit 1 BnO 

8it4 8il3 B~2 Bit 1 Bit 0 

Master Vector 
Status Interrupt 0 0 Includos 
High EnabiG Status 

(MIE) 

Go Mark Abort 
GBit 

Active IdiG on Loop 
Sync 

on Poll Ov9rrun 

Transmit Transmit TRxC TRxC TRxC 
Clod< Clod< Pin Output Output 
Source Source 

Output 
Source SourCG 

1 0 I 0 

Bit 4 BI13 Bit2 B~ 1 Bit 0 

Bit12 B~ 11 Bnl0 8i19 BltB 

local Auto TX 
Baud Baud 

Loopbad< Echo CRC-32 Generator Generator 
Sourco Enable 

Syno' DCD DSR Zero RI 
Hunt 

Interrupt Interrupt 
Count 

Interrupt 
Interrupt Interrupt 
Enable Enable EnabiG 

Enable 
Enable 

FIGURE 6: SCC Channel A Write Registers 
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DATA BIT NUMBER 

REGISTER ADDRESS 
D7 D6 D5 D4 D3 D2 Dl 

WRO(3:0) 

TxlRx 
Break! TransmH Transmit 

Bufferl Underrun Zero 
Extemal 

RRO 0 Abort CTS Hunt OCO Buffer 
Count 

Status Detect 
IEOM 

Empty 

Special 
End of CRCI Receive Parityl BH Bit Bit 

Receive 
Condition 

RRl 1 Frame Framing OVerrun CAC-32 Remainder Remainder Remainder 

Status (SOLC) Error Error Error 2 1 0 

Interrupt 
BH7 Vector 

RR2 2 
(MSB) 

Bil6 Bit 5 Bit 4 Bit 3 Bit 2 BH 1 
Register 

Interrupt Channel A Channel A Channel A 
ChannelB Channel B 

Receive TransmH ExVStation Pending RR3 3 0 0 Interrupt Interrupt Interrupt 
Interrupt Interrupt 

Register 
Pending Pending Pending 

102 101 

Receive 
Data RRB 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 

Register 

Misc. One Two 
Loop On 

RR10 10 Clock Clocks DSR CRC16 CRC32 Status 
Missing Missing Sending Loop 

FIGURE 7: SCC Channel A Read Registers 

ADDRESS MAPPING: Single Processor Register Maps In Single-Chlp-Select Mode 

REGSEL1 REGSELO 

0 0 

0 1 

0 1 

0 1 

0 1 

0 1 

1 1 

REGSEL1 REGSELO 

0 0 

0 1 

0 1 

0 1 

0 1 

0 1 

A2 A1 AO AlB DIG Addressed Register 

000 - 111 X X 550 Registers as normal 

0 00 - 11 X X 550 Registers as normal 

1 X X 0 0 Channel B Control 

1 X X 0 1 Channel B Data 

1 X X 1 0 Channel A Control 

1 X X 1 1 Channel A Data 

X X X X X External Device 

FIGURE 8: 40 and 44 Pin Versions 

A2 A1 AO AlB DIG Addressed Register 

000 - 111 - - 550 Registers as normal 

0 

1 

1 

1 

1 

00 -11 - - 550 Registers as normal 

0 0 - - Channel A Data 

0 1 - - Channel A Control 

1 0 - - Channel B Data 

1 1 - - Channel B Control 

FIGURE 9: 28 Pin Version (73M1650) 
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ELECTRICAL CHARACTERISTICS 

DC CHARACTERISTICS 
(TA = -40°C to -HlSoC, VCC = SV ±10%, unless otherwise noted.) 

PARAMETER CONDITION 

VILX Clock Input Low VoHage 

VIHX Clock Input High Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low VoHage IOL= -S rnA 
(except XOUT) 

VOH Output High Voltage IOH =SrnA 
(except XOUT) 

ICC1 Supply Current See Note 1 

ICC2 Power Down Current See Note 2 

ilL Input Leakage 

IOZ High-Impedance Leakage 

SSI 73M650/1650 
Serial Packet Controller 

MIN NOM MAX UNITS 

-O.S 0.8 V 

2.0 VCC V 

-O.S 0.8 V 

2.0 VCC+.5 V 

0.4 V 

2.4 V 

S 10 rnA 

SO J.lA 
±10 J.lA 
±20 J.lA 

Note 1: Outputs unloaded, CMOS level inputs, Xtal = Data Rate = 10 MHz. 

Note 2: Outputs unloaded, CMOS level input, Oscillator disabled or XIN = VCC. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC CHARACTERISTICS 
(TA = -40°C to +85°C, VCC = 5V ±10%, unless otherwise noted.) 

PARAMETER NOTES MIN NOM MAX UNITS 

tASC Address Setup before Control 1,2,3,4 30 ns 

tCAH Address Hold after Control 1,2,3,4 30 ns 

tRD Read strobe width 3 80 ns 

tAD Address to Read Data 1,5 150 ns 

tCC Control end to Control start 2 100 ns 

tWR Write strobe width 4 80 ns 

tDSW Data Setup before Write 4,5 30 ns 

tDHW Data Hold after Write 4,5 30 ns 

tWE WR to External write delay 6SP= 1 40 ns 

tRME RD to External read delay SP= 1 40 ns 

tCD TRXC or RTXC to TXD delay 1 x mode 40 ns 

fOSC Crystal/external clock frequency 20 MHz 

fDPLL Input clock for DPLL 20 MHz 

fDATA Data bit rate 10 MHz 

fDLOOP Data bit rate in SDLC Loop 5 MHZ 

Note 1: Address includes AO-A2, CS2, NB, D/C and MCS. 

Note 2: Control includes RD, WR, MRD and MWR. 

Note 3: Read Strobe includes RD and MRD. 

Note 4: Write strobe includes WR and MWR. 

Note 5: Data includes 00-07 and MDO-MD7. 

Note 6: External device write pins are MALE and MWR which are derived from WR. 
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FIGURE 10: Dual-Processor Application Example 
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FIGURE 11: Single-Processor Mailbox Mode Application Example 
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FIGURE 12: Single-PrOcessor Non-Mailbox Mode Application Example 
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PACKAGE PIN DESIGNATIONS 
{TOP VIEW) 

~ ~ ti If 
0 

~ 0 Iii: > • • • • • 1 .. .. .. .. .. 
1 28 27 26 A2 7 0 •• M05l(mR) 

/l2 5 0 25 = A1 8 38 MO~ 

A1 6 2' llTR AO • 37 MO.(ll'm) 

AD 7 2. RTS mm- I. 38 M02(l'lTS) 

07 • 551 22 nco 73M1650 
D6 9 21 RXO 

JlVm 11 .. M01(MALE) 

res I. SSI 
3' MOO 

73M650 
IOO'ilW 13 33 TXREQ 

os 10 20 ~ 
07 ,. 32 TXO 

D4 11 ,. = 06 .. 31 RXO 
VOO 12 13 ,. 15 16 17 18 

,.;r; I'l I'l 15 8 0 z ~ z X co 

05 18 .. TRJUj" 

04 17 29 "Am 
DR: 18 ,. 20 ., 22 23 24 .. .. 27 '8 

MD7/(m} 
28-pln PLCC 

MD6I(!l!:ll") 

MD5I(llSA) 
1U5 voo 

A1 MD4I~ m 
44-pln PLCC 

M03l(DTli) 
m:I) 

MD2I(RTS) 
INTR = MWii MDlI(MALE) 

/l2 ]jTIf 
Ii:§" MOO 

A1 1m 
07 nco 

Serial Packet Controller 
Package and Configuration Matrix 

D6 AXD 
nco Dual Single Single 

os = 07 RXO Processor Processor Processor 
D4 = 06 ~ Mailbox Non-mailbox 

DO MA 05 

D2 I'f'AST O. 

01 XOUT O. 

00 XIN 02 

GND sp 01 

4D-pln DIP 

CAUTION: Use handling procedures necessary 
for a static sensldve component. 

28-pin DIP 

Jl'i'lre 40/44-pin Yes Yes 
MA (73M650) 
XIN 

GNO 
28-pin No Yes 

DO 
(73M1650) 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. 

Yes 

Yes 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714)731-5457 

Patents pending: (89-032, 89-033) 
©1990 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 73M214 is a complete analog front end IC for 
digital signal processor based V.22bis, V.22, Bell 212A, 
V.21, and Bell 103 compatible modems. 

The 73M214 provides bandsplit filters, compromise 
equalization, and digitally controlled receive gain and 
transmit attenuation. An 8-bit ND convertor is available 
for receive signal processing, and on-chip modulators 
provide the QAM, PSK, and FSK transmit signals, 
making it unnecessary for the DSP to perform the 
transmit functions. A tone generator is used to produce 
DTMF, answer, and guard tones while an analog 
loopback mode allows system testing. Carrier, answer, 
and call progress tone detection is provided. 

The SSI 73M214 uses two busses to transfer data and 
control information. A 4-bit address/data multiplexed 
bus is used for connection to a control microprocessor 
(8031 typical) which performs the scrambler/ 
descrambler, buffer/debuffer, system control, data, 
and user interface functions. A serial data bus transfers 
received digitized data as well as receiver status 
information to a standard DSP (7720 typical). The DSP 
also sends the 73M214 receive timing and gain control 
information over the serial bus. (Continued) 

BLOCK DIAGRAM 
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FEATURES 

SSI73M214 
Modem 

Analog Front End 

June, 1990 

• Analog front end for DSP-based V.22bls modems 
• Complete modulators for QAMlDPSK (V.22bIS, V.22, 

Bell 212) and FSK (Bell 103 and V.21) 

• Programmable receive gain/transmit attenuation 

• 8-blt ADC with reference, sample and hold 

• Band split filters with compromise equalization 

• Analog loopback test mode 

o Serial Interface for receive processing 

It Parallel Interface for transmitter and control 

It Timer for transmit synchronization 
.. Programmable timer for receiver data clock 

recovery 

.. Carrler,call progress, and answer tone detectors 

It Audio monitor for audible call status 

.. DTMF, guard tone, and answer tone generation 

.. Crystal oscillator with output buffer 

• Low power CMOS (± 5V at < 250 mW) 

• 28-pln plastic DIP or PLCC surface mount package 

• Controllable audio monitor 

PIN DIAGRAM 

CS 

RD 

WR 

DBO 

DBl 

SIN 

SOUT 

SCK 

VSS 

VDD 

RXA 
VAG 

MON 

RXCLKO 

TXCLKO 

TXCLKI 
TXINT 

TXA 

EXADCC 

XIN 

XOUT 

CLKOUT 

DGND 

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

The SSI 73M214 is ideal for use in self-contained or 
integral intelligent modem products requiring the 
benefits of 2400 bitls full duplex operation while . 
maintaining compatibility with existing standards at 
speeds down to 300 bitls. By integrating the majority of 
the analog functions needed on a single CMOS IC, 
system complexity and cost is reduced without 
compromising performance or features. 

OPERATION 

The SSI73M214 provides the analog front end proces
sing for a V.22bis/224 2400 bitls modem. The SSI 
73M214 includes band-split filters, fixed U.S. compro
mise line equalizer, programmable gain/attenuator for 
receive and transmit functions, FSKICAM modulators, 
differential encoder, and an analog to digital converter. 
The 73M214 interfaces to an external digital signal 
processor and inexpensive control microprocessor to 
complete the modem function. 

FUNCTIONAL DESCRIPTION 

The 73M214 allows selection of 300 bit/s, 600 bit/s, 
1200 bitls, or 2400 bitls transmission modes. The 
73M214generates the bit rate clocks RVCKO (receive) 
and TXCKO (transmit) and a baud rate clock TXINT.ln 
the synchronous modes, there is a fixed phase rela
tionship between TXCKO and TXINT (refer to figure of 
Transmit Timing). Each case here assumes that the 
receive timer is in internal timing mode, otherwise 
RVCKO is high. Register CRO selects a mode (there 
are three synchronous modes and one asynchronous 
mode). In internal synchronous mode, the SSI 73M214 
generates an accurate bit rate clock, TXCKO.This may 
be used for data transfers from the DTE to the micro
processor. The microprocessor sends the latest qua
dbit (or dibit), which is latched into the modulator on the 
falling edge of TXINT. Pin TXCKI is ignored in internal 
synchronous mode. RVCKO is the receiver bit rate 
clock. 

In extemal synchronous mode the data rate clock from 
the DTE should be connected to the TXCKI pin. TXCKI 
is used to generate phase locked clocks TXCKO and 
TXINT (TXCKI's falling edge synchronously resets an 
internal counter). RVCKO is the receiver bit rate clock. 

3-2 

RECEIVE PROCESSING 

The received signal from the line passes through an 
anti-alias filter with adjustable gain, then through a 
band-split filter with selectable compromise line e.qua
lization, after which it is amplified by a programmable 
gain stage. The analog signal is converted to an 8-bit, 
2's complement number for the digital signal pro
cessor. The ADC output and AGC gain word are 
transferred serially between the DSP and SS173M214. 
A programmable timer is included for use in the data 
clock recovery loop. Answer tone, carrier, and impre
cise call progress detectors are included for modem 
smart dialing capability. 

TRANSMIT PROCESSING 

In CAM (DPSK) mode, the quadbit (dibit) is transfered 
to the SSI 73M214 where it is differentially encoded 
and then passed through a baseband filter. The base
band information is modulatedupto 1200 Hz or2400 Hz. 
A band-split filter shapes the modulator output and 
provides compromise line equalization. The transmitted 
spectrum has the recommended square root of 75% 
raised cosine shaping. Guard tone is added to the 
signal afterthe filter, and the programmable attenuator 
sets the transmit amplitude. Finally, a smoothing filter 
eliminates out-of-band energy generated by the 
switched-capacitor filters. 

In FSK mode, a programmable tone generator acts as 
the modulator. The modulator output passes through 
the band-split and smoothing filters as in the CAM 
mode. 

MICROPROCESSOR INTERFACE 

The SSI 73M214 acts as a peripheral to the micropro
cessor (e.g., Intel 8051, Zilog Z8601, Motorola 6801) 
on a 4-bit multiplexed address/data bus. Control and 
status information are stored in registers on the 73M214. 
Transmit data is also sent from the microprocessor 
over the bus in 4-bit nibbles. 

RECEIVE DSP INTERFACE 

The SSI73M214 interfaces to a digital signal processor 
over two serial ports.The serial interface is directly 
compatible with the NEC/OKI 7720 or 77C20. The 
73M214 can also be interfaced with parallel bus signal 
processors using standard LSTTL 7400 series shift 
registers. The digital sample from the AID convertor is 
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sent to the DSP on the serial output port, and the AGC 
gain value is sent from the DSP to the SSI 73M214 on 
the serial input port. Both serial ports transfer 16 bits 
simuHaneously under timing control generated by the 
73M214. 

In slave mode TXCKO and TXINT are phase locked 
internally to RVCKO (RVCKO's falling edge synch
ronously resets an internal counter). Pin TXCKI is 
ignored in slave mode. If the internal receive timeris not 
being used, slave mode can be implemented by putting 
the SSI 73M214 in external synchronous mode and 
externally connecting the recovered receiver bit rate 
clock to TXCKI. 

Asynchronous mode operation is the same as internal 
synchronous mode, except TXCKO and RVCKO are 
high. 

SERIAL DSP INTERFACE 

Serial DSP Interface provides for communication be
tween the DSP and the 73M214. A programmable 
receive timer block which provides for adjustment of 
the ADC sampling rate is included on the 73M214. It 
may be used as part of the data clock recovery loop. 
The receive timer control bits RvT1 and RvTO (TRO) 
select one of four possible ADC modes; off, external 
timing, internal timing 7200 Hz, or internal timing 9600 
Hz. The DSPthrough serial port SIN (bits 8-9) provides 
for adjustment to the internal sampling clock rates 
either 7200 Hz ± 1 J.IS or 9600 Hz ± 1 J.IS. The falling 
edge of SEN corresponds to the following events: 

1) The signal on RXA is sampled and an 8-bit analog
to-digital conversion begins. 

2) The previous 8-bit ADC sample and the status bits 
are loaded into a registerfor serial shifting out of port 
SOUTto the DSP. 

3) The previous gain & timer bits from the DSP are 
latched into the 214 register and the current DSP 
serial word is shifted into port SIN. 

Serial Output- 16-bit word - bit 0 (lSB) is shifted out 
first. 

BIT # 15 -12 11 10 9 8 7-0 

Output Fast Slow A.T. CPO RCV ADC 
Data C.D. C.D. level Output 
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Serial input - 10 bits - bit 0 (LSB) is shifted first. 

Bit # 15 -10 9-8 7 6-0 

Input X RCVTimer X Gain Word (log) 
Data Control MSB·lSB 

SERIAL DSP TIMING 

The timing diagram for the serial receive processor 
interface is shown in Figure 3. Signal SIRQ is gener
ated by the N EC/OKI 77C20 and must be high to send 
SIN data. If it is low during a serial transmission, SOUT 
remains active but SIN becomes inactive and the 
73M214 will continue to use the last gainltimer value. 
SCK from the 73M214 is the serial shift clock. 

QAM/DPSK ENCODER/MODULATOR 

The quadbits sent to the 73M214 are differentially 
encoded according to the CCITI V.22bis specification. 
The encoded quadbils are then passed through an FIR 
baseband fiHer. The baseband signal thus generated is 
modulated by the carrier at either 1.2 kHz or 2.4 kHz. 

FSK MODULATOR 

The FSK modulator frequency modulates the data in a 
continuous phase manner. FSK operation is asynchro
nous and is determined by the control bits shown: 

REGISTER D3 D2 D1 DCR 

CRO 1 1 x x 
CR1 0/1 x x 1 
CR3 0 0 x 0/1 
TRO x x 1 0 
TR1 1/0 1/0 1/0 1/0 

TONE GENERATOR 

The tone generator will output a dual-tone (DTMF) or a 
single tone (FSK, answer tone, or guard tone) on the 
TXA line if the appropriate control bits are enabled. The 
control bits are found in registerTRO and TR1. The tone 
is specified by register TR1 - 16 dual·tone combina
tions and 7 single tones are possible. DTMF has 
priority over single tones. The tone generator consists 
of 4 blocks: tone selection and control, two program
mable down counters, tWo three-level six-step square 
wave generators, and a 3-pole ladder filter with prog
rammable gain and pole setting. 
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BAND SPLIT FILTERS 

The band-split filters provide attenuation for out-of
band noise components and near-end cross talk. The 
filters also provide some of the root 75% raised cosine 
shaping for minimum intersymbol interference. Transmit 
and Receive delay equalization can be bypassed by 
using the TxEQ and RvF1 bits. The receive filter can be 
bypassed for direct access to the ADC with the RvFO 
bit. 

PROGRAMMABLE GAIN STAGE 

Th~ p~ogrammable gain stage is part of an AGC loop 
which IS controlled by the receive digital signal proces
so~. The gain increased monotonically with increasing 
g~1O word. The 7 -bit gain setting covers a 48 dB range 
with 0.375 dB steps. Minimum gain of 0 dB corre
sponds to 0000000, maximum gain of 48 dB is 1111111. 

ADC 

The 8-bit analog to digital converter provides a 2's 
complement representation of the sampled analog 
voltage. The sample and hold function is incorporated 
in this switched-capacitor ADC. 

TRANSMIT ATTENUATOR 

The programmable transmit attenuator allows the 
control processor to set the transmit power level. If the 
attenuator control bits are set to 0000, the attenuator 
acts as a unity gain stage. The attenuation increments 
by 1 dB per bit. 

In addition to the user programmable attenuator, there 
is an internally controlled attenuator for the QAM! 
DPSK modulated signal. The attenuation value is de
termined by the guard tone selected and assures that 
modulated data plus guardtone gives 0 dBm priorto the 
transmit attenuator regardless of the guard tone set
ting. 

DETECTORS 

The special detect circuitry checks the received analog 
signal for special conditions. The conditions checked 
for are the presence of a carrier (i.e., energy in the 
receive band), the presence of an answer tone (2100 
or 2225 Hz), and the presence of a, call progress signal. 

IMPRECISE CALL PROGRESS DETECTOR 

The call progress detector monitors activity on the line. 
This detector is an imprecise call progress detector-
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the on/off envelope of the signal is replicated as a 1/0 
in the CPO bit of the SR register. The detector consists 
of a bandpass filter followed by a peak detector. The 3 
dB points of the bandpass filter are 350 Hz and 620 Hz. 
Dial-tone, busy-signal, ringback and reorder are com
posed of at least one tone in this band. 

PRECISE ANSWER TONE DETECTOR 

The receive filter output is fed to a highly selective 
frequency discriminator controlled by the ABT1 and 
ABTO bits of the OCR register to detect 2100 and 
2225 Hz answer back tones. The frequency discrimi
nator is gated by the output of the carrier detector to 
provide amplitude discrimination. 

CARRIER DETECTOR 

The carrier detector detects the presence of a signal in 
the receive band. When energy is detected the CAR bit 
of the SR register is set to "1." The detector uses a 
peak-to-peak amplitude detecting scheme which re
quires knowledge of the PeaklRms ratio of the wave
form to be detected. This information is obtained from 
the data rate control register (CRO) bits DR1 and ORO. 

DR1 ORO Carrier Type PeaklRms 

0 0 None 1.414 
0 1 FSK 1.414 
1 0 DPSK 2.0 
1 1 QAM 2.5 

The fast carrier detect is an imprecise carrier detector 
that is derived from the short term peak-to-peak ampli
tude in the carrier detector. The detector output will be 
erratic for small signals with high peak-to-rms values. 
The fast carrier is output on the FCAR bit of the serial 
output port. 

RECEIVE LEVEL DETECTOR 

The receive level detector indicates whether the signal 
present at RXA is too large to permit the use of the 
receive gain (RvGE) of 12 dB prior to the band-split 
filters. When the RvL bit of the SR register - "1," the 
signal is too large to use the gain. 

A fixed, switchable 12 dB gain is provided ahead of the 
band-split filters to be used when the total received 
signal (received signal + near-end Signal) is more than 
12 dB belOW the maximum allowed input voltage. 

0690- rev, 



OUTPUT SMOOTHING FILTER 
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INPUT ANTI-ALIAS LOW PASS FILTER 

The output smoothing filler attenuates out-ot-band 
frequency components that are generated by the 
switched capacitor filters on the chip. 

The anti-alias low pass filter prevents aliasing of 
incoming frequency components into the passband of 
interest. 

PIN DESCRIPTION 

POWER 

NAME PIN NO. 110 DESCRIPTION 

VDD 28 I Positive voltage supply (+5V) 

VSS 14 I Negative voltage supply (-5V) 

VAG 26 I Analog Ground 

VDG 15 I Digital Ground 

ANALOG INTERFACE 

NAME PIN NO. 110 DESCRIPTION 

RXA 27 I Receive analog input from line. 

TXA 2D 0 Transmit analog output to line. Modulator output as well as DTM F output 
uses this pin. 

XIN 18 I Crystal connection, 7.3728 MHz crystal, or externally generated 
7.3728 MHz oscillator input. 

XOUT 17 0 Crystal connection, 7.3728 MHz crystal. 

CLKOUT 16 0 Crystal oscillator output echoed for system use. 

MONITOR 25 0 Analog output tor call progress tone monitoring. Can be muted (see 
Control Bits). 

MICROPROCESSOR INTERFACE 

NAME PIN NO. 110 DESCRIPTION 

DBD-DB3 5,6,7,8 I/O (Bi·directional, 3 state) Address/Data Bus. 

CS 2 I Chip Select. A low allows a read or write cycle to occur. DBD-DB3 can 
not be written to or read from if CS (latched) is not low. CS is latched on 
the falling edge of ALE. 

RD 3 I Read. A low requests a read of the 73M214 registers. Data cannot be 
ouput on DBD-DB3 unless both RD and the latched CS are low. 

WR 4 I Write. A low informs the 73M214 that data is available on DBD-DB3 for 
writing into an internal register. Data is latched on the rising edge of WR 
- no data is written unless both WR and CS are low. 

ALE 1 I Address strobe line for muHiplexed addressed/data bus. The falling 
edge of ALE latches the address on DBD-DB3 and the chip select CS. 
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TRANSMIT INTERFACE 

NAME PIN NO. I/O 

TXCKI 22 I 

TXCKO 23 0 

TXINT 21 0 

RECEIVE INTERFACE 

NAME PIN NO. I/O 

RVCKO 24 0 

SOUT 11 0 
SIN 10 I 
SIRQ 9 I 

SEN 12 0 

SCK 13 0 

EXADCC 19 I 

REGISTER ADDRESSES 

DESCRIPTION 

Transmit clock input, used for the external synchronous mode. In external 
synchronous mode, all clocks forthe modulator are synchronized to this bit 
rate clock. 
Bit rate transmit clock output, provided when the modulator is in a 
synchronous mode. In FSK, or modulator off modes, this pin is pulled high. 
Transmit interrupt, active low. Baud rate clock which requests a new 
quadbit for the modulator. Active in the 1200 or 2400 bitls modes only. 
Forced high otherwise. 

DESCRIPTION 

Bit rate receive clock output from receive timer. Output is active in 2400 or 
1200 bitls transmission when the internal timer is used and the modulator 
is operating in a synchronous mode. Otherwise the output is forced high. 
Output serial port - sends ADC/status bits to DSP. 
Input serial port receive gain and timer bits from DSP. 
Serial input request. SIRQ high signifies that data is available to shift into 
SIN port - SIRQ low causes SIN port to retain past data and not shift. SIRQ 
is latched by SEN falling edge. SIRO does not affect the shifting of the 
SOUTport. 
Serial enable pin. Enables serial shifting on SOUT and SIN ports. Signal is 
low for 16 cycles of SCK. 
Shift clock generated on 73M214 for serial ports SIN and SOUTo Clock rate 
is 184 kHz and is resychronized to receive timer every SEN falling edge. 
External ADC convert clock input which is required if the internal receive 
timer is not being used. The rising edge of EXADCC is aligned to an internal 
922 kHz clock; it starts an ADC conversion and serial shifting over the SIN 
and SOUT ports. 

The signals AO, Ai, A2, and A3 (DBO-DB3 latched by ALE) are used to address the on chip registers. 

FUNCTION REGISTER D3 D2 D1 DO A3-AO 

Transmit Control Register CRO DR1 DRO TxM1 TxMO 0000 
Interface Control Register CR1 FBK RvF1 RvFO TxSQ 0001 
Attentuation Control Register CR2 ATT3 ATT2 ATT1 ATTO 0010 
Set-up Control Register CR3 TST ALB RvGE ORIG 0011 
Detect Control Register DCR ABT1 ABTO MONEN RST 0100 
Status Register SR CAR ATD CPD RvL 0101 
Transmit Tone Control Reg. 0 TRO RvT1 RvTO ST DTMF 0110 
Transmit Tone Control Reg. 1 TR1 TRB3 TRB2 TRB1 TRBO 0111 
Ouadbit Register-QAMIDPSK OBR QB3 OB2 OBi QBO 1000 
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REGISTER BIT DESCRIPTION 

TRANSMIT CONTROL REGISTER 

03 02 

CRO OR1 ORO 

BIT NO. NAME CONDITION 

00,01 Transmit Modes 01 00 
(TXMO, TXM1) 0 0 

0 1 

1 0 

1 1 
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TXM1 

DESCRIPTION 
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00 

TXMO 

Asynchronous mode: Modulator clocks are 
derived from crystal. The 73K214 operates in 
the internal synchronous mode as described 
below. TXCKO and RVCKO are high in 
asynchronous mode. 

Internal synchronous mode: Modulator clocks 
are derived from crystal. The SSI 73M214 
generates an accurate bit rate clock, TXCKO. 
This may be used for data transfers from the 
OTE to the microprocessor. The micro-
processor scrambles the data and sends the 
latest quadbit or (dibit) to the modulator as 
requested by the baud rate clock TXINT. The 
TXCKI pin is ignored in the intemal synchronous 
mode. If the receive timer is enabled, RVCKO 
is a bit rate clock. lithe receive timer is disabled, 
RVCKO is high. 

External synchronous mode: Modulatorclocks 
are synchronized to signal on TXCKI pin. The 
data rate clock from the OTE should be 
connected to the TXCKI pin. This clock is 
internally synchronized to a high speed clock. 
The synchronized signal is echoed on pin 
TXCKO and used to generate the quadbit 
interrupt signal TXINT. RVCKO is as described 
above. 

Slave mode: Modulator clocks are synchron-
ized to RVCKO signal. In slave mode with the 
receive timer enable, RVCKO signalis intemally 
routed to TXCKI. If the receive timer is not 
being used, slave mode can be implemented 
by putting the SSI 73K214 in external mode 
and connecting the recovered bit rate clock to 
TXCKI. 
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REGISTER BIT DESCRIPTION (continued) 

BIT NO. NAME CONDITION 

02,03 Data Rates 0302 
0 0 

0 1 

1 0 

1 1 

INTERFACE CONTROL REGISTER 

03 02 

CR1 FBK RvF1 

BIT NO. NAME CONDITION 

DO Tx squelch 0 
(TxSQ) 

1 

01 Receive Filter 0 

(RvFO) 1 

02 Receive Filter 0 
Equalizer 

(RvF1) 1 

03 Fallback 
(FBK) 
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DESCRIPTION 

Modulator off: With the modulator off, carrier 
detect defaults to FSK settings, and the modular 
output is effectively shortened to ground. 

Select FSK operating mode. The FSK 
modulation is performed by programming the 
tone generator output frequency. Operation is 
asynchronous, and the transmission mode 
control bits (CRO -TXM1, TXMO) are ignored in 
FSK mode. TXCKO and RVCKO are high. 

Select DPSK operating mode at 1200 bit/s. 

Select QAM operating mode at 2400 biVs. 

01 DO 

RvFO TxSQ 

DESCRIPTION 

Disables transmit output at TXA. 
Forces TXA output to ground. 

Enables transmit output at TXA. 

Select normal mode. 

Bypass receive filter to allow direct access to 
ADC. 

Select normal mode. 

Bypass Receive filter delay equalizer. 

Selects low speed options. (See Table 1.) 

0690- rev. 
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REGISTER BIT DESCRIPTION (continued) 

Table 1 : Rate/Mode Selections 

Register bits CRO - OR1, ORO, TXM1, TXMO and CR1 - FBK control the data clocks and modular mode. To 
enable OPSKIOAM modulation, FSK and Answer tones must be disabled. This table assumes the receive 
timer to be in internal timer mode (if not RVCKO is high) - see register TRO - RVT1, RVTO. 

CR1 CRD MODULATOR DATA CLOCKS 
MODE 

FBK OR1 ORO TXM1 TXMO TXCKO TXINT RVCKO' 

x 0 0 0 0 off 1 1 1 
x 0 0 0 1 off 1200 Hz 1 1200 Hz 
x 0 0 1 0 off TsCKI 1 1200 Hz 
x 0 0 1 1 off RVCKO 1 1200 Hz 

0 0 1 X X FSK(103) 1 1 1 
1 0 1 X X FSK(V.21) 1 1 1 

0 1 0 0 0 OPSK 1 600Hz 1 
0 1 0 0 1 OPSK 1200 Hz 600Hz 1200 Hz 
0 1 0 1 0 OPSK RXCKI 600Hz 1200 Hz 
0 1 0 1 1 OPSK RVCKO 600 Hz 1200 Hz 

1 1 0 0 0 OPSK 1 600 Hz 1 
1 1 0 0 1 OPSK 600 Hz 600 Hz 600 Hz 
1 1 0 1 0 OPSK TXCKI 600 Hz 600Hz 
1 1 0 1 1 OPSK RVCKO 600 Hz 600 Hz 

x 1 1 0 0 OAM 1 600 Hz 1 
x 1 1 0 1 OAM 2400 Hz 600Hz 2400 Hz 
x 1 1 1 0 OAM TXCKI 600Hz 2400 Hz 
x 1 1 1 1 OAM RVCKO 600 Hz 2400 Hz 

'RVCKO pin is high if receive timer is not in internal mode-register bits TRO; 03, 02. 

ATTENUATION CONTROL REGISTER 

03 02 01 00 

CR2 ATT3 ATT2 ATT1 ATTO 

BIT NO. NAME CONDITION DESCRIPTION 

00, 01, 02, 03 Transmit Attenuator 03,02,01,00 Sets transmit attenuator which scales 
modulated data (and guard tone if enabled). 

0000 to 1111 Attenuation increments by 1 dB per LSB A TT 
= 0000 is unity gain, ATT = 1111 is 15 dB of 
Attenuation. 
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SET·UP CONTROL REGISTER 

D3 

CR3 TST 

BIT NO. NAME 

DO Originatel Answer 

D1 Receive filter gain 
(RvGE) 

D2 Analog Loopback 
(ALB) 

D3 Test (TST) 

D2 D1 DO 

ALB RvGE ORIG 

CONDITION DESCRIPTION 

0 Select answer mode. Answer mode set transmit 
path for high band modulation and filtering and 
connects the low band filter on the receive 
side. 

1 Select originate mode. Originate mode sets 
the transmit path for low band modulation and 
filtering connects the high band filter on the 
receive side. 

0 Receive path gain = 0 dB 

1 Adds 12 dB of gain in the receive path prior to 
the band-splitfilterto enhance dynamic range. 
Care must be taken to ensure that the level at 
RXA does not exceed - 12 dBm when RvGE is 
enabled. The status bit RvL indicates the signal 
level at the receive band-split filter input. If RvL 
is low, the Receive filter gain can be safely 
enabled. 

0 Select normal mode. 

1 Select analog loopback mode. A '1' causes the 
modulated data to pass through the transmit 
band-split filter (magnitude & delay section), 
through the attenuator, through transmit 
smoothing filter, into the receive anti-alias filter, 
bypassing the receive band-split filter 
(magnitude and delay), through the gain stage, 
into the ADC. The RXA input is floated, and the 
TXA is grounded. Detectors are active. 

0 Select normal mode. 

1 Silicon Systems test mode. Not for customer use. 
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DETECT CONTROL REGISTER 

D3 D2 

DCR ABT1 ABTO 

D1 

MONEN 

SSI73M214 
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DO 

RST 

The Detect Control Register holds the control for the Special Detect circuits and some miscellaneous 
functions. 

BIT NO. NAME CONDITION DESCRIPTION 

DO Reset (RST) 0 Normal mode. 

1 Resets all Registers to the 0 state. 

D1 Monitor Enable 0 Monitor output disabled. 
(MONEN) 

1 Enables echoing of the RXA signal on the 
MONpin. 

D2,D3 Answer Back Select D3,D2 Selects which answer back tone 
(ABTO, ABT1) or combination of tones will cause the Answer 

Tone status bit (ATD) to go high, as shown 

00/11 Detect broadband from 2100 to 2225 Hz 
01 Detect only 2225 Hz 
10 Detect only 2100 Hz 

STATUS REGISTER 

D3 D2 D1 DO 

SR CAR ATD CPD RvL 

The Status Register holds the special detect circuit outputs and are read-only. These status bits and a "fast" 
carrier detect bit are sent out on the serial interface. 

BIT NO. NAME CONDITION DESCRIPTION 

DO Receive level 0 Signal peak amplitude is small enough to 
indicator (RvL) safely allow 12 dB pre-filter gain to be switched 

in. 

1 Signal amplitude is too large to allow the 12dB 
gain. 

D1 Call progress 0 No call progress detected. 
detect (CPD) 

1 Energy in call progress band present. 

D2 Answer tone 0 No answer tone detected. 
detect (ATD) 

1 Valid answer back tone present. 

D3 Carrier Detect (CAR) 0 No energy in receive band detected. 

1 Valid carrier present. 
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TRANSMIT TONE CONTROL REGISTER 0 

D3 D2 

TRO RvT1 RvTO 

BIT NO. NAME CONDITION 

DO DTMFenable 0 
(DTMF) 

1 

D1 Single tone enable 0 
(ST) 

1 

D2,D3 Receiver Timer D3,D2 
(RvTO, RvT1) 

00 

01 

10 

11 

3-12 

D1 DO 

ST DTMF 

DESCRIPTION 

Disables DTMF. 

Activates DTMF. Selects dual tones. Output 
level is to be 0 dBm when attenuator setting is 
0000. All detectors will be operating and should 
be ignored during DTMF. The tone pairs are 
determined by TR1 contents. 

Disables single tone transmit. 

Selects single tones (FSK, Guard, or Answer). 
The tone frequency is determined by the bits in 
register TR1. 

The receive timer (RvT1, RvTO) selects one of 
four possible sampling rates: off, external 
timing, internal 7200 Hz, or internal 9600 Hz. 
The rising edge of an internal sampling clock 
initiates an analog-to-digital conversion and 
data transfer to the DSP. In the two internal 
modes, the sampling clock is generated by an 
on chip counterwhich can be controlled by bits 
8 and 9 of the serial input word. 

SEN is forced high. This state can be used for 
initializing the serial interface to the N EC 7720. 
ADC is stopped. 

External timer EXADCC (synchronized 
internally) is the sampling clock. 

Internal timer, 7200 Hz sampling rate 

Internal timer, 9600 Hz sampling rate 
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TRANSMIT TONE CONTROL REGISTER 1 

D3 D2 

TR1 TRB3 TRB2 

BIT NO. NAME CONDITION 

DO to D3 DTMF Mode 0000 to 1111 
(TRO - DTMF = 1) 

Dl 

TRBl 

DESCRIPTION 

SSI73M214 
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DO 

TRBO 

Programs 1 of 16 DTMF tone pairs that will be trans-
mitted when DTMF (TRO) bit is set. Tone Encoding 
is shown below. 

Keyboard Register TRl Tones (Hz) 
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 1209 
6 0 1 1 0 770 1477 
7 0 1 1 1 852 1336 
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 

DO to D3 Single Tone Mode 0000 to 1111 Programs 1 of 11 single tones that will be transmitted 
(TRO - ST= 1) when ST (TRO) bit is set. Tone encoding is shown 

below. 

Tone-Type Register TR1 Tones (Hz) 
D3 D2 D1 DO 

FSK 103 0 0 0 0 2025 
FSK 103 0 0 0 1 2225 
FSK 103 0 0 1 0 1070 
FSK 103 0 0 1 1 1270 
FSK V.21 1 1 0 0 1850 
FSK V.21 1 1 0 1 1650 
FSK V.21 1 1 1 0 1180 
FSK V.21 1 1 1 1 980 
Guard 0 1 0 0 1800 
Guard 0 1 0 0 550 
Answer 1 0 0 0 2225 
Answer 1 0 0 1 2100 
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QUADBIT REGISTER 

03 

OBR OB3 

02 01 DO 

OB2 OB1 OBO 

The new quadbit for the OAM modulator is written to this register by the transmit microprocessor for every 
baud. Ouadbits are latched into the modulator on the falling edge of TXINT. In 1200 biUs mode, OB1 is 
internally forced to 0 and OBO is forced to 1 so that only a dibit need be written in OB3, OB2. In 600 biUs mode, 
OB1, OBO are forced to 01, and OB3 is duplicated in OB2 so that only one bit need be written in OB3. 

BIT NO. NAME CONDITION DESCRIPTION 

00,01 Ouadbits 01.00 The last two quadbits which determine the 
(OBO.OB1) point within the quadrant in OAM. Forced to 01 

in OPSK. Point in quadrant (I) 

0 0 (1.1) 

0 1 (3.1) [DPSK points] 

1 0 (1,3) 

1 1 (3.3) 

02.03 Ouadbits 03,02 The first two quadbits as described in the 
(OB2.0B3) V.22bis spec. (these bits determine the 

dHferenlial quadrant shift). Used as Oibit in 
OPSK Ouadrant shift (I) 

0 0 +900 

0 1 00 

1 0 +1800 

1 1 +2700 

SERIAL INTERFACE DESCRIPTION 

BIT NO. 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

INPUT LSB ~GAIN WORO-+ MSB X RCVTIMER X X X X X X 
OATA CONTROL 

BITS NAME CONDITION DESCRIPTION 

0-6 GAINWORO 0000000-1111111 Receive Gain from OSP for programmable 
Receive Gain stage. Step size is approximately 
0.375 dB/bit with 48 dB of range. Transmitted 
LSB first. 
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SERIAL INTERFACE DESCRIPTION (continued) 

BITS NAME CONDITION 

7 NONE X 
8,9 REC. TIMER 8,9 

CONTROL 
(internal modes 
only) 

0,0 

1,1 

1,0 

0,1 

10 - 15 NONE XXXXXX 

BIT NO. 0 1 2 3 4 5 6 7 8 9 

OUTPUT LSB +-- ADC 2's ~ MSB RVL CPD 
DATA Complement output 

BITS NAME CONDITIONS 

0-7 ADCOUTPUT 00000000-
11111111 

8 RVL 0 
(same as SR-RVL) 

1 

9 CPD 0 
(same as Sr-CPD) 

1 

10 AT 0 
(same as SR-ATD) 

1 

11 SLOW CD 0 
(same as SR-CAR) 

1 

12 -15 Fast CD 0 

1 
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DESCRIPTION 

Not used 

Used for timer control & correction of timing 
errors in the time base, SEN, for start of ADC 
conversion. Sample rate is selected by TRO-
RVT1, RVTO. Used only with internal modes. 

7200 Hz (or 9600 Hz) 

7200 Hz (or 9600 Hz) 

7200 Hz - 1 J.IS (or 9600 Hz - 1 J.IS) 

7200 Hz + 1 J.IS (or 9600 Hz + 1 J.IS) 

Not used 

10 11 12 13 14 15 

AT Slow CD Fast CD 

DESCRIPTIONS 

2's Complement coded output from 8-bit ADC 
±3.75VF.S. 

Receive level amplitude is small enough to 
allow 12 dB pre-filter gain to be used. 

Receive level too large for 12 dB gain to be 
used. 

No call progress energy detected 

Call progress energy detected 

No answer tone detected 

Answer tone detected 

No carrier detected 

Time qualified carrier detected 

No carrier detected 

Carrier detected 
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ABSOLUTE MAXIMUM RATINGS· Operation above maximum ratings may damage the device 

PARAMETER RATING UNITS 
Supply VoHage VDD +7.5 V 

VSS -7.5 V 

Storage Temperature -65 to 150 °C 

Lead Temperature (10 sec.) 260 °C 

Inputs VSS -0.3 to VDD +0.3 V 

TTL Compatible Outputs -0.3 to VDD +0.3 V 

TTL Compatible Outputs ±3 rnA 

Analog Outputs VSS -0.3 to VDD +0.3 V 

Analog Outputs ±3 rnA 

Notes: 1. All inputs and outputs are protected from static charge using buiH-in industry standard protection 
devices. 

2. All outputs are short-circuit protected. 

3. All voHages are referenced to GND. 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER MIN NOM MAX UNITS 
Positive Supply (VDD) 4.75 5.25 V 
Negative Supply (VSS) -4.75 -5.25 V 
Ambient Temperature (TA) 0 70 °C 
External Components 

VDD, VSS Bypass Capacitors 0.1 flF 
(External to ground (VAG)) 

External Loads 
Load Capacitance XIN, XOUT 10 50 pF 
Load Capacitance CLKOUT 25 pF 
Digital Input Capacitance 10 pF 
Digital Output Loading 50 pF 
Analog Input Capacitance RXA 26 pF 
Analog Input Resistance RXA 100 kQ 

Analog Loading, TXA Output 10k, 50 pF 
(Vout = ±3Vpk) 
Analog Loading, MON Output 10k, 50 pF 
(Vout = ±3Vpk) 

On-chip pull up/down Resistor 
pull down: CS, pull up: ncc KI, EXADCC 20 kn 
Input Clock variation 
(7.3728 MHz Input XTAL) -0.01 +0.01 % 
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DC ELECTRICAL CHARACTERISTICS 
(TA = 0 to 70°C, VDD = 5V, VSS = -5V Unless otherwise noted) 

PARAMETER CONDITIONS 

Supply Current (100) 

(ISS) 

Input Low voltage (VIL) 

Input High Voltage (VIH) 

Input High Current (IIH) Input voltage = VDD 

Input Low Current (ilL) Input Voltage = OV 

High Output Voltage (VOH) lout = -0.4 mA 

Low Output Voltage (VOL) lout = 1.6 rnA 

DYNAMIC CHARACTERISTICS AND TIMING1 

(TA = 0 to 70°C. VDD = 5V, VSS = -5V Unless otherwise noted) 

PARAMETER CONDITIONS 

Receive Signal Path 
Receive Gain RvGE= 0 

Gain word 0000000 
Measured at input of ADC 

Receive Noise RXA=O 
Boost OdB 
Gain word 0000000 
0.3 to 3400 kHz bandwidth 

Receive Boost RvGE=O 
Receive Boost RvGE = 1 

Programmable Gain Stage 
Gain Range 
Step Size 
Gain Error 

ADC 
Integral non-linearity 

Differential non-linearity 
Total input referred offset 

Input voltage range 
Input Anti-alias Low Pass Filter 

Receive Attenuation 
@4.0kHz 

@ 10.0 kHz 
@ 12.0 kHz 

@ 153.6 kHz 
@921.6kHz 

MIN 

2.0 

2.4 

MIN 

-0.2 
11.8 

0.0 
0.275 

-4 

-3.75 

SSI73M214 
Modem 

Analog Front End 

NOM MAX UNITS 

25 mA 

25 mA 

0.8 V 

V 

10 ~ 
-20 ~ 

V 

0.4 V 

NOM MAX UNITS 

0.0 dB 

775 ~Vms 

0.2 dB 
12.2 dB 

48.0 dB 
0.375 0.475 dB 

0.2 dB 

1/2 LSB 

1/2 LSB 
+4 LSB 

+3.75 V 

-35 dB 
-60 dB 
-70 dB 
-55 dB 
-40 dB 

1) All dBm numbers refer to the signal power on the 2-wlre telephone Ime as may be realized thru an extemal2W/4W 
converter (hybrid). The hybrid gain from the line to the RXA pin should be 0 dB. 
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SSI73M214 
Modem 
Analog Front End 

DYNAMIC CHARACTERISTICS AND TIMING1 (continued) 

PARAMETERS CONDITIONS MIN NOM MAx UNITS 

Precise Answer Tone Detector 
Must Detect Level -43 dBm 

Must Reject Level -48 dBm 

Delay Time 40 200 ms 

Hold Time 40 100 ms 

Answer Tone Detect 
Frequency Range 

Must Accept 2100 Hz to 2225 Hz 2078 2247 Hz 

Must Reject Low Mode Selected 2000 Hz 

Must Reject High (ABT1, ABTO = 00 or 11) 2350 Hz 

Must Accept 2100 Hz only 2078 2122 Hz 

Must Reject Low Mode Selected 2000 Hz 

Must Reject High (ABT1 , ABTO = 01) 2200 Hz 

Must Accept 2225 Hz only 2203 2247 Hz 

Must Reject Low Mode Selected 2350 Hz 

Must Reject High (ABT1, ABTO = 01) 2125 Hz 

Fast Carrier Detector The following detect levels assume a waveform of the type shown is 
present in the receive band. 

Must Detect See Condition Table Below -43 dBm 

Must Reject Level -48 dBm 

Delay Time 0 20 ms 

Hold Time 0 20 ms 

Slow Carrier Detector The following detect levels assume a waveform of the type shown is 
present in the receive band. 

Must Detect Level See Condition Table Below -43 dBm 

Must Reject Level -48 dBm 

Hysteresis 2 dB 

Delay Time 40 205 ms 

Hold Time 40 65 ms 

CONDITION TABLE 

DR1 ORO CARRIER TYPE PEAKIRMS .. 
0 0 None2 1.414 
0 1 FSK 1.414 
1 0 DPSK 2.0 
1 1 QAM 2.5 

2) When the modulator is off, the carrier detector responds to sinusoids as might be found in answer back type tones. 
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PARAMETERS 

Receive Signal Path 
Imprecise Call Progress Detector 
Must Detect Level 

Must Reject Level 
Hysteresis 
Delay Time 
Hold Time 

Receive Level Indicator (SR-RVL) 
Must Detect Level 
Must Reject Level 
Hysteresis 
Delay Time 
Hold Time 

Transmit Signal Path 
Transmit Output 

QAM/D PSK Encoder/Modulator 
Carrier Suppression 
Modulation Frequency 
Transfer Gain Variation 

Transmit Attenuator 
Attenuation Range 
Attenuation Error 

Modulator output attenuation 
Guard Tones Off 
1800 Hz guard tone on 
550 Hz guard tone on 

Tone Level 
Guard Tone 550 Hz 
Guard Tone 1800 Hz 

Answer Tone 
FSK (103, V.21) 
DTMF (columns) 

DTMF (rows) 
DTMF (twist) 

0690- rev. 

CONDITIONS MIN 

460 Hz Input frequency 
460 Hz Input frequency -45 

460 Hz Input frequency 2 
460 Hz Input frequency 40 

10 

0.50 
2 
40 
40 

Measured at TXA -0.8 
Attenuator word 0000 
Guard tones Off 
V.52 511 bit data pattern 

Measured at TXA 50 
1200 or 2400 Hz -0.1 

Measured at TXA 
ATT= 0000 -0.8 

0 
Any setting -0.2 

-0.05 

0.9 
1.65 

SSI73M214 
Modem 

Analog Front End 

NOM MAX UNITS 

-35 dBm 
dBm 
dB 

200 ms 
40 ms 

1.00 Vpk 
Vpk 

dB 
205 ms 
65 ms 

0.8 dBV 

dB 

+0.1 % 

+0.8 dB 

15 dB 
0.2 dB 

0.05 dB 
1.1 dB 
1.85 dB 

Specified for an attenuator setting of -9 dB (ATT = 1001) 
-14.8 -12.8 dBm 

0.4922 -17 -15 dBm 

0.3182 -10 -8 dBm 

Nom (VPP) 0.777 -10 -8 dBm 

0.777 -7 -5 dBm 

1.098 -9 -7 dBm 
0.872 -3 -1 dB 
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SSI73M214 
Modem 
Analog Front End 

DYNAMIC CHARACTERISTICS AND TIMING' (continued) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Harmonic Distortion Distortion is specified below in dB relative to the fundamental frequency 
generated. 

DTMF -29 dB 

FSK, V.21 (0 - 10kHz bandwidth) -45 dB 

Guard Tone -31 dB 

Answer Tone -40 dB 

Output Smoothing Filter 
Transmitted energy 

4.0 kHz -35 dBm 

10.0 kHz -60 dBm 

12.0 kHz Guard tones disabled -70 dBm 

917.6 kHz -70 dBm 

921.6 kHz -40 dBm 

Register Reset Register Bit DCR - RST resets all register bits to the '0' state. Subsequent 
J.1P readlwrite's should wait until the internal 73K214 reset cycle end. 

RSTon Time from reset bit written 
(rising edge WR) until 
registers reset to '0' 4 10 J.15 

RSToff Time from reset bit written 
(rising edge WR) until next 
permissible J.1P register 
read/write 8 20 J.15 

Clock Off Reset The 73K214 will reset all control registers and status bits whenever the 
7.3728 MHz clock is not present. This provides a "power on reset" 
capability which forces all control register bits to '0'. 

Trst Time from last clock transition 
to registers reset 2 100 J.15 

Tact Time from start of clock to 
activate state 25 40 clocks 

3-20 0690- rev, 



0690 - rev. 

DYNAMIC CHARACTERISTICS AND TIMING' (continued) 

PARAMETER CONDITIONS MIN 

SSI73M214 
Modem 

Analog Front End 

NOM MAX UNITS 

Microprocessor Bus Interface The timing necessary for the CS signal is the same as for 
address. 

Intel 8051 IlP 

Address Before Latch TAL 20 ns 

Address hold after Latch TLA 10 ns 

Latch to RD/WR control TLC CL = 100 pF 30 ns 

RD/WR to Latch TCL 30 ns 

Data out from RD TRD 120 ns 

ALE Width TLL 40 ns 

Data float after Read TRDF 0 80 ns 

Read Width TRW 150 5000 ns 

Write Width TWW 100 5000 ns 

Data setup before write TOW 100 ns 

Data hold after write TWD 25 ns 

ALE 1\ / \ 

1\ / TLe 
Tle 

Tel 

RD 

I TRW Tww 

L TAL TLA TRD_ r-- \ / 
TRDF Tow TWD 

/ ADDRESS "' / READ / ADDRESS WRITE 

"' / "' / "' 

Figure 1: Intel 8051 Bus Timing 
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SSI73M214 
Modem 
Analog Front End 

DYNAMIC CHARACTERISTICS AND TIMING1 (continued) 

PARAMETERS CONDITIONS MIN NOM MAX UNITS 

Zilog 8601 Zilog interface requires externally inverting ALE and·RD, these 
pins then assume the functionality of Zilog pins AS and OS 
respectively. 

Address before latch TAL 20 ns 

Address hold after latch TLA 10 ns 

Latch to OS control TLC 30 ns 

Data out for OS TAD 120. ns 

AS width TLL CL=100pF 40 ns 

Data float after read TRDF 0 80 ns 

Read width TRW 150 5000 ns 

Write width TWW 100 5000 ns 

Data setup before write TOW 100 ns 

Data hold after write TWO 25 ns 

R/W hold after OS TWH 20 ns 

AS 

DS----2----4--------~ 

Tow 

080-3----< ADDRESS WRITE 

.><>---jALE 

RIW\---------tWR 

~I----------I~ 

ZILOG8601 SSI73K214 

Figure 2: ZlIog 8601 Bus Timing 
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DYNAMIC CHARACTERISTICS AND TIMING1 (continued) 

PARAMETERS CONDITIONS 

Serial DSP Interface 

SCKK falling to SOUT valid TDCK 

SEN edge to SCK edge TSS 

SIN setup before SCK TADC 

SIN hold after SCK TACD CL= 50 pF 

SIRO setup before SEN TSL 

SIRO hold after SEN TLS 

SCKwidth TPW 

SCK frequency FSCK 

Receiver Clocking 

RVCKO rising to SEN falling TRS 

EXADCC rising to SEN falling TES 

SEN low pulse width TS 

EXADCC frequency FEXADCC 

Transmit Timing 

TXCKO rising to TXINT falling TOB 

TXCKI falling to TXCKO rising TEOl 

RVCKO falling to TXCKO rising TR02 

MIN 

400 

100 

25 

100 

100 

800 

.5 

0 

-3 

-3 

SSI73M214 
Modem 

Analog Front End 

NOM MAX UNITS 

100 ns 

ns 

ns 

ns 

ns 

ns 

ns 

184 kHz 

1.3 I1S 

1.1 1.7 I1s 

86 IJ.S 
10.5 kHz 

500 ns 

+1 +3 IJ.S 

+1 +3 IJ.S 

1) All dSm numbers refer to the signal power on the 2-wire telephone line as may be realized thru an external 2W/4W 
converter (hybrid). The hybrid gain from the line to the RXA pin should be OdS. 

2) When the modulator is off, the carrier detector responds to sinusoids as might be found in answer back type tones. 

SCK __ ...J 

SIN ___ -< 

0690- rev. 
Figure 3: Serial DSP Interface Timing 
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(1) 7200 HZ Inlemallimer ca .. for RVCKO = 2400 Bitis 

RVCKO ~ \'-------; 

(2) 9600 HZ Intemal Timer case for RVCKO =2400 Bills 

RVCKO~ \'-------' 

(3) External Timing 

EXAOCC 

~ 

Figure 4: Receive Clocking 

(1) ln1ernal Synchronous mode 3 possible TXCKO rates 

(2) External Synchronous modo case forTXCKO .1200 BIIs ± .01% 

(3) Slave Synchronous modo case for RVCKO • 2400 Hz 

RVCK01:~:~:ros 
:rRO ' 

TXCKO 1200 BIt!s 

Figure 5: Transmit Timing 
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APPENDIX A: V.21 Operation 

The SSI 73M214 tone generator includes the V.21 tones 
(980/1180 Hz, 1650/1850 Hz). These tones can be accessed 
by setting ST-1 in TRO and writing the appropriate bits in TR1 
which select 1070/1270 Hz and 2025/2225 Hz. A difficulty 
arises because the high band V.21 tones will not pass 
through the high BPF required for V.22bis. Therefore, when 
V.21 FSK mode is selected (Le., DR 1, DRO = 01, FBK = 1 in 
registers CRO, CR1), the BPFs center frequency and band
width are shifted to allow the V.21 signals to pass. Care must 
be taken in using this feature. Some settling time will be 
required when thefi~ers shift to (from) FSK. Also, the answer 
tone detector will not function properly when the fmers have 
been shifted. We recommend shifting the filters after answer 
tone has been detected. 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

• 3 2 1 28 27 

0 

28-Pln PLCC 

12 13 ,. 15 16 17 

~ '" ~ " l- t;; 
~ z 8 > is 0 

~ x 
0 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI73M214 

Plastic Dual-In-Line 

Plastic Leaded Chip Carrier 

26 

18 

Z 
x 

SSI73M214 
Modem 

Analog Front End 

APPENDIX B: Using the RvT bits to synchronize 
the NEC 7720 

To properly synchronize the serial interface to the 7720, the 
following procedure may be used after power up: 
1. RESET the SSI 73M214 (write XXX 1 in Detect Register), 
this resets all control bits to 0, and therefore sets RvT1 = 0, 
RvTO = O. 
2. WAIT 1 00 ms before changing RvT1, RvTO. This allows all 
serial clocks to cycle to an idle state. During this 1 00 ms, SEN 
will be high, and the 7720 should be reset during that time. 
(Other control registers may be written during this time.) 

2 MeN 

2 RXCLKO 

2 TXCLKO 

TXCLKI 

TXA 

ALE 
CS 2 

rm 
WR 

DB2 
DB3 8 

SIRQ 

SIN 

SOUT 

8m 

SCK 

VSS 

VDD 
RXA 
VAG 28-Pin DIP 
MOO 
RXCLKO 

TXCLKO 

TXCLKI 

Tl<lNT 

TXA 
EXADCC 
XIN 

XOUT 

CLKOUT 

DGND 

ORDERING NUMBER PACKAGE MARK 

SS173M214-IP 73M214-IP 

SS173M214-IH 73M214-IH 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

0690 - rev. 3·25 ©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 73M235 is a high performance analog front 
end for high-speed, multi-mode modem and FAX 
designs. This device includes programmable filter 
capability, special tone detectors, and high-resolution 
AID and D/A convertors to provide the analog signal 
conversion required for modem modulation and 
demodulation functions. The 73M235 also provides 
programmable clock recovery modes needed to 
support its defined operating standards. Used in 
conjunction with a digital signal processor, the 73M235 
allows design of full and half-duplex modem products 
capable of operation at speeds up to 14.4 kbitls over 
the conventional telephone network, on either 2- or 4-
wire lines. 

The SSI 73M235 uses advanced switched-capacitor 
filtering circuitry to achieve a wide dynamic range with 
low on-chip noise. To simplify modem designs, it 
provides a digital bus interface compatible with Silicon 
Systems' existing modem family, and which allows 
direct interface with industry standard micro-

(Continued) 

SSI73M235 
High Speed Multi-mode 

Modem Analog Front End 

tin ", hil m til i; ,6" til" 
July, 1990 

FEATURES 

• High performance modem analog front end 
for use at speeds up to 14.4 kblt/s, full or 
half-duplex 

• Supports V.33, V.29, V.27ter, V.26, Bell 201/ 
208, and fallback modes required In FAX! 
Data applications 

• On-chip detectors for fast carrier detect, call 
progress, and answer tone detection 

o High accuracy 8-bit AID and D/A conversion 
with programmable sample rate 

• Standard microprocessor and DSP bus 
Interfaces allow direct connection without 
external hardware 

o less than 150 mW power from a single +5V 
supply with power down capability 

• Available In 48-pln DIP or 44-pln PlCC 
packages 

BLOCK DIAGRAM 
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SSI73M235 
High Speed Multi-mode 
Modem Analog Front End 

DESCRIPTION (Continued) 

processors and serial-bus oriented digital signal 
processors typically used in modem applications. The 
digital interface permits data transfer in both serial and 
parallel modes. 

The SSI 73M235 is a low power CMOS integrated 
circuit which operates from a single +5V power supply, 
allowing typical power dissipation of less than 150 mW. 
Packages available are 48-pin DIP or 44-pin PLCC for 
surface mount applications. 

Advance Informallon: Indicates a product still in the design cycle. and any specifications are based on design goals only. Do not use for 
final design. 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties 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 ROld, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 

©1990 Silicon Systems. Inc. 3-28 0790 
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DESCRIPTION 
The SSI 73M670 is a high performance analog front 
end for multi-mode V.32 high speed modem designs. 
This device provides programmable band-split and 
band-limiting filter capability, special tone detectors, 
and high resolution AID and D/A convertors needed for 
analog signal conversion in full-duplex mode systems. 
Used in conjunction with one or more digital signal 
processors, the 73M670 allows design of half and full
duplex modem products capable of operation at 
speeds up to 14.4 kbiVs. On-chip interpolation and 
decimation filters reduce external circuitry and make it 
possible to design a full duplex V.32 modem with echo 
cancellation using the SSI73M670, one or more DSPs, 
and a controlling microprocessor. 

The SSI 73M670 employs a DSP to implement over
sampled Sigma-Delta AID conversion. This provides 
high resolution conversion with relatively low on-chip 
noise, resulting in an effective dynamic range of 80 dB, 
and high conversion accuracy. 

The SSI 73M670 is a low power CMOS integrated 
circuit which operates from a single +5V power supply, 
allowing typical power dissipation of less than 150 mW. 
Packages available are 64-pin miniDI P, 64-pin QFP, or 
68-pin PLCC for surface mount applications. 

551 73M670 
V.32 Multi-mode modem 

Analog Front End 

'-U ¢k' ndi Mt.] i; ,F" t.] Ii 
July, 1990 

FEATURES 

• High performance modem analog front end 
for use at speeds up to 14.4 kblt/s, full or 
half-duplex 

• Programmable filter configurations for 8 
operating modes 

• On-chip tone detectors for carrier detect, call 

progress, and answer tone detection 

o High accuracy AID and D/A conversion using 

Sigma-Delta architecture 

• Standard microprocessor and DSP bus 

Interfaces 

• Less than 150 mW power from a single +5V 
supply 

o Available In 64-pin minlDlP, 64-pin QFP, or 
68-pln PLCC pacakages 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 
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DESCRIPTION 

The SSI 75T201 is a complete Dual-Tone Multifre
quency (DTMF) receiver detecting a selectable group 
of 12 or 16 standard digits. No front-end prefiltering is 
needed. The only extemal components required are an 
inexpensive 3.58 MHz television "colorburst" crystal 
(for frequency reference) and two low-tolerance by
pass capacitors. Extremely high system density is 
made possible by using the clock output of a crystal 
connected SSI75T201 receiverto drive the time bases 
of additional receivers. The SSI75T201 is a monolithic 
integrated circuit fabricated with low-power, comple
mentary symmetry MOS (CMOS) processing. It re
quires only a single low tolerance voltage supply and is 
packaged in a standard 22-pin DIP. (Continu!)d) 

SSI75T201 
Integrated 

DTMF Receiver 

July, 1990 
FEATURES 

• Central office quality 

• NO front-end band-splitting filters required 

• Single, low-tolerance, 12-volt supply 

• Detects either 12 or 16 standard DTMF digits 

• Uses Inexpensive 3.579545 MHz crystal for 
reference 

• Excellent speech Immunity 
0 Output In either 4-blt hexadecimal code or 

binary coded 2-of-8 

• 22-pln DIP package for high system density 

• Synchronous or handshake Interface 

• Three-state outputs 

BLOCK DIAGRAM 

ANALOG 
IN 

ATB 0------------, 

XEN 0----------, 

r·--···_···_·····_·_·······--·--l 

1--~""",S--tT-f';_"""+---I 
>-+-+-+01 

I l .. ____ ... _ ... _____ ... _ ... _.l 

I 
w •••••• __ • __ •••••• ..I 

CHIP CLOCKS 

TIMING 
CIRCUITRV 

,.-----iJ CLRoV 

oV 

,..-----!-----o HI828 

01 

02 

04 

08 

EN 

IN1633 
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SSI75T201 
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DESCRIPTION (Continued) 

The 551 75T201 employs state-of-the-art circuit tech
nology to combine digital and analog functions on the 
same CM05 chip using a standard digital semicon
dutor process. The analog input is preprocessed by 
60 Hz reject and band splitting filters and then hard
limited to provide AGC. Eight bandpass filters detect 
the individual tones. The digital post-processor times 
the tone durations and provides the correctly coded 
digital outputs. Outputs interface directly to standard 
CM05 circuitry, and are three-state enabled to facili
tate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

I 
I 
I 
I 
I 

V1NeVP I 
I 
I 
I 
I 
I 

vp vp 

V1fOVP 

FIGURE 1: Input Coupling 
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CRYSTAL OSCILLATOR 

The 551 75T201 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "colorburst" crystal. The crystal 
oscillator is enabled by tying XEN high. The crystal is 
connected between XIN and XOUT. A 1 Mil 10% 
resistor is also connected between these pins. In this 
mode, ATB is a clock frequency output. Other 
551 75T201 's may use the same frequency reference 
by tying their ATB pins to the ATB of a crystal con
nected device. XIN and XEN of the auxiliary devices 
must then be tied high and low respectively. Twenty
five devices may run off a single crystal-connected 
551 75T201 as shown in Figure 2. 

o 
vp 

XIN XOUT 

15 14 

ATB 
17 

XIN Connected to Vp 

15 

17 

Up to 25 Devices 

FIGURE 2: Crystal Connections 
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H/B28 

SSI75T201 
Integrated 

DTMF Receiver 

This pin selects the format of the digital output code. When H/B28 is tied high, the output is hexadecimal. When 
tied low, the output is binary coded 2-of-8. The table below describes the two output codes. 

Hexadecimal Blnan Coded 2-of-8 
Dlalt D8 D4 D2 D1 Dialt D8 D4 D2 D1 

1 0 0 0 1 1 0 0 0 0 
2 0 0 1 0 2 0 0 0 1 
3 0 0 1 1 3 0 0 1 0 
4 0 1 0 0 4 0 1 0 0 
5 0 1 0 1 5 0 1 0 1 

6 0 1 1 0 6 0 1 1 0 
7 0 1 1 1 7 1 0 0 0 
8 1 0 0 0 8 1 0 0 1 
9 1 0 0 1 9 1 0 1 0 
0 1 0 1 0 0 1 ' 1 0 1 . 1 0 1 1 • 1 1 0 0 
# 1 1 0 0 # 1 1 1 0 
A 1 1 0 1 A 0 0 1 1 
B 1 1 1 0 B 0 1 1 1 
C 1 1 1 1 C 1 0 1 1 
D 0 0 0 0 D 1 1 1 1 

TABLE 1: Output Codes 

IN1633 

When tied high, this pin inhibits detection of tone pairs 
containing the 1633 Hz component. For detection of all 
16 standard digits, IN1633 must be tied low. 

OUTPUTS D1, D2, D4, D8 and EN 

Outputs D1 , D2, D4, and D8 are CMOS push-pull when 
enabled (EN high) and open circuited (high imped
ance) when disabled by pulling EN low. These digital 
outputs provide the code corresponding to the de
tected digit in the format programmed by the H/B28 pin. 
The digital outputs become valid after a tone pair has 
been detected and they are then cleared when a valid 
pause is timed. 

0790 - rev. 4-3 

DVand ClRDV 

DV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins D1, D2, 
D4, and D8. DV remains high until a valid pause occurs 
or the ClRDV is raised high, whichever comes first. 

INTERNAL BYPASS PINS, S1, S2 

In orderforthe SSI75T201 DTMF Receiver to function 
properly, these pins must be bypassed to VNA with 
0.01 IlF ±20% capacitors. 



SSI75T201 
Integrated 
DTMF Receiver 

POWER SUPPLY PINS, VP, VNA, VND 

The analog (VNA) and digital (VNO) supplies are brought 
out separately to enhance analog noise immunity on 
the chip. VNA and VNO should be connected externally 
as shown in Figure 3. 

+112v 

I Vp 
6 

SS175T201 
" ±10% 13 

4 

VNAl I VNO 

FIGURE 3: 12V System 

N/CPINS 

These pins have no internal connection and may be left 
floating. 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 

ColO Col 1 Col 2 Col 3 

Row 0 GJ 0 [!J 0 
Row 1 0 0 0 0 
Row 2 I2J 0 0 0 
Row 3 [::J 0 0 0 
NOTE: Column 3 II for specla' application. 
ud .. not nonnally u .. d In telephon. dlalln". 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

Low Group 10 High Group 10 
Row 0 =697 Hz Column 0 = 1209 Hz 

Row 1 = 770 Hz Column 1 = 1336 Hz 

Row 2 =852 Hz Column 2 = 1477 Hz 

Row 3 =941 Hz Column 3 = 1633 Hz 

Operation above absolute maximum ratings may damage the device. All SSI75T201 unused inputs must be 
connected to Vp or VNO, as appropriate. 

PARAMETER RATING UNIT 

DC Supply Voltage - Vp Referenced to VNA, VNO +16V 

Operating Temperature -40 to +85°C Ambient 

Storage Temperature -65 to + 150°C 

Power Dissipation (25°C) 1W 

Input Voltage All inputs except ANALOG IN (VP+ 0.5V) to (VNO -0.5V) 

ANALOG IN Voltage (VP + 0.5V) to (Vp - 22V) 

DC Current into any Input ±1.0 mA 

Lead Temperature Soldering, 10 sec. 300°C 
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ELECTRICAL CHARACTERISTICS 
(-40°C s Ta s +S5°C, VP - VND = VP - VNA = 12V ± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Minimum Acceptable Twist Twist High Tone 
Low Tone 

60 Hz Tolerance 

Dial Tone Tolerance "precise" dial tone 

Talk Off MITEL tape #CM 7290 

Digital Outputs "0" level, 750 (.JA load 

(except XOUT) "1" level, 750 (.JA load 

Digital Inputs "O"level 

(except H/B2S, XEN) "1"level 

Digital Inputs "0" level 

H/B2S, XEN "1"level 

Power Supply Noise wide band 

Supply Current Ta = 25°C 
Vp - VNA = Vp - VND = 12V±10% 

Noise Tolerance MITEL tape #CM 7290 

Input Impedance VP ;?; VIN ;?; VP - 22 

" dB referenced to lowest amplitude tone 
"" VND + 0.3(VP - VND) 
""" VP - 0.3(VP - VND) 

TIMING CHARACTERISTICS 
(-40°C s Ta s +S5°C, VP - VND = VP - VNA = 12V ± 10%) 

PARAMETER CONDITIONS 

tv Tone Detection Time 

tslh Data Overlap of DV CLRDV = VND, EN = VP 
Rising Edge 

tp Pause Detection Time 

tdv Time between end of 
Tone and Fall of DV 

0790- rev. 4-5 

MIN 

± (1.5+2 Hz) 

-24 

-S 

VND 

Vp-0.5 

VND 

""" 
VND 

Vp-1 

100 knll5 pF 

MIN 

20 

7 

25 

40 

SSI75T201 
Integrated 

DTMF Receiver 

TYP MAX UNITS 

±2.3 ±3.0 %of/o 

+6 dBm ref. 
to 600n 

+4 dB 

2 Vrms 

0 dB" 

2 hits 

VND+0.5 V 

VP V 

"" V 

Vp V 

VND+1 V 

Vp V 

25 mVp-p 

29 50 rnA 

-12 dB" 

TYP MAX UNITS 

25 40 ms 

(J.S 

32 40 ms 

45 50 ms 



SSI75T201 
Integrated 
DTMF Receiver 

TIMING CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

tshl Data overlap of DV 
Falling Edge 

tphl Prop. Delay: Rise of CI = 300 pF 
CLRDV to fall of DV Measured at 50% points 

Output Enable Time CI = 300 pF, RI = 10K 
Measured from 50% point 
of Rising Edge of EN to 
the 50% point of the data 
output with RI to 
opposite rail. 

Output Disable Time CI = 300 pF, RI = 1K, 
tN=1V 
Measured from 50% point 
of Falling Edge of EN to 
time at which output has 
changed 1V with RI to 
opposite rail. 

Output 10-90% CI = 300 pF 
Transition Time 

MIN TYP MAX 

4 4.56 4.8 

1 

1 

1 

1 

ANALOG INPUT _-I-l1L--Iv-lP_TO_N_E _BU_R_S~T--L.I_tP""'~ ___ -'-_T_ON_E_BU_R_ST_......L... __ _ 

.-----I-~-1-ik- ishl 
01,02.04,08 ----1I-----+_~(_..JL----..L-------'--

islh-l ~ ;F 
~ ___ ~ ____ ~I ____ __L. __ _'_ ___ __ 

Iphl-j ~ 

ClROV ________________ .1....0_'--__ _ 

FIGURE 5: Timing Diagram 
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UNITS 

ms 

~ 

~ 

~s 

I1s 
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APPLICATION INFORMATION 

TELEPHONE LINE INTERFACE 

In applications that use the SSI 75T201 to decode 
DTMF signals from a phone line, a DAA (Direct Access 
Arrangement) must be implemented. Equipment in
tended for connection to the public telephone network 
must comply with and be registered in accordance with 
FCC Part 68. For PBX applications refer to EIA Stan
dard RS-464. 

Some of the basic guidelines are: 

1) Maximum voltage and current ratings of the 
SSI 75T201 must not be exceeded; this calls for pro
tectionfrom ringing voltage, if applicable, which ranges 
from 80 to 120 volts RMS over a 20 to 80Hz frequency 
range. 

2) The interface equipment must not breakdown with 
high-voltage transient tests (including a 2500 volt peak 
surge) as defined in the applicable document. 

3) Phone line termination must be less than 200n DC 
and approximately 600n AC (200-3200 Hz). 

4) Termination must be capable of sustaining phone 
line loop current (off-hook condition) which is typically 
18 to 120 rnA DC. 

5) The phone line termination must be electrically 
balanced with respect to ground. 

SSI75T201 
Integrated 

DTMF Receiver 

6) Public phone line termination equipment must be 
registered in accordance to FCC Part 68 or connected 
through registered protection circuitry. Registration 
typically takes about six months. 

Figure 6 shows a simplified phone line interface using 
a 600n 1:1 line transformer. Transformers specially 
designed for phone line coupling are available from 
many transformer manufacturers. 

Figure 7 shows a more featured version of Figure 6. 
These added options include: 

1) A 150-volt surge protector to eliminate high voltage 
spikes. 

2) A Texas Instruments TCM1520A ring detector, 
optically isolated from the supervisory circuitry. 

3) Back-to-back Zener diodes to protect the DTMF 
(and optional multiplexer Op-Amp) from ringer voltage. 

4) Audio multiplexer which allows voice or other audio 
to be placed on the line (a recorded message, for 
example) and not interfere with incoming DTMF tone 
detection. 

An integrated voice circuit may also be implemented 
for line coupling, such as the Texas Instruments 
TCM1705A, however, this approach is typically more 
expensive than using a transformer as shown above. 

OWCFF HOaC RELAY 
np __ ~--~--------~--__ __ 

0790- rev. 

RI::JII 
1:1 

ANALOG 
INPUT 

SSl75T201 

6000 = L-__ _ 

FIGURE 6: Simplified Interface 
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SSI75T201 
Integrated 
DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

01 

HlB28 

EN 

VNO 

IN1633 

Vp 

N/C 

NlC 

81 

82 

N/C 

ORDERING· INFORMATION 

PART DESCRIPTION 

5S175T201 
22-Pin Plastic DIP 

22 02 

2 21 04 

3 20 08 

4 19 CLROV 

5 18 OV 

6 17 ATB 

7 16 XEN 

8 15 XIN 

9 14 XOUT 

10 13 VNA 

11 12 ANALOG IN 

22-Pln DIP 

ORDER NO. PKG.MARK 

551 75T201 - IP 75T201 -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 right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714)731-7110, FAX: (714)731-5457 

11:>1989 Silicon Systems,lnc. 4-8 0790 - rev. 



DESCRIPTION 

The SSI75T202 and 75T203 are complete Dual-Tone 
Multifrequency (DTMF) receivers detecting a se
lectable group of 12 or 16 standard digits. No front-end 
pre-filtering is needed. The only extemally required 
components are an inexpensive 3.5S-MHz television 
·colorburst" crystal (for frequency reference) and a 
bias resistor. Extremely high system density is made 
possible by using the clock output of a crystal-con
nected SSI75T202 or75T203 receiver to drive the time 
bases of additional receivers. Both are monolithic 
integrated circuits fabricated with low-power, comple
mentary symmetry MOS (CMOS) processing. They 
require only a single low tolerance voltage supply and 
are packaged in a standard 1S-pin plastic DIP. 

(Continued) 

551 75T202/203 
5V Low-Power 

DTMF Receiver 

July, 1990 

FEATURES 

• Central office quality 
• NO front-end band-splitting filters required 
• Single, low-tolerance, 5-volt supply 
• Detects either 12 or 16 standard DTMF digits 
• Uses Inexpensive 3.579545-MHz crystal for 

reference 
• Excellent speech Immunity 
• Output In either 4-blt hexadecimal code or binary 

coded 2-of-8 
• 18-pin DIP package for high system density 
• Synchronous or handshake interface 
• Three-state outputs 
• Early detect output (551 75T203 only) 

BLOCK DIAGRAM 

ANAlOG 
IN 

ATB 0------------, 

)790- rev. 

vp 

CHIP CLOCKS 

GNO 

4-9 

TIMING 1---------0 ED (751;~3) 
CIRCUITRY 

.-----Q CLROY 

ov 

,----+-----0 HEXIB28 

D. 

D2 

08 

EN 

IN1633 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI 75T202l203 
5V Low-Power 
DTMF Receiver 

DESCRIPTION (Continued) 

The SSI 75T202 and 75T203 employ state-of-the-art 
circuit technology to combine digital and analog func
tions on the same CMOS chip using a standard digital 
semicondutor process. The analog input is pre-proc
essed by 60-Hz reject and band splitting filters and then 
hard-limited to provide AGC. Eight bandpass fiHers 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. Outputs interface directly to 
standard CMOS circuitry, and are three-state enabled 
to facilitate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

HEX/B28 

The SSI 75T202 is designed to accept sinusoidal input 
wave forms but will operate satisfactorily with any input 
that has the correct fundamental frequency with har
monics less then -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The SSI 75T202 and 75T203 contain an onboard 
inverter with sufficient gain to provide oscillation when 
connected to a low-cost television "colorburst" crystal. 
The crystal oscillator is enabled by tying XEN high. The 
crystal is connected between XIN and XOUT. A 1 MQ 
10% resistor is also connected between these pins. In 
this mode, ATB is a clock frequency output. Other SSI 
75T202's (or 75T203's) may use the same frequency 
reference by tying their ATB pins to the ATB of a crystal 
connected device. XIN and XEN of the· auxiliary 
devices must then be tied high and low respectively. 
Ten devices may run off a single crystal-connected SSI 
75T202 or 75T203 as shown in Figure 2. 

This pin selects the format of the digital output code. When HEXlB28 is tied high, the output is hexadecimal. When 
tied low, the output is binary coded 2-of-8. The table below describes the two output codes. 

Hexadecimal 
Digit 08 04 

1 0 0 
2 0 0 
3 0 0 
4 0 1 
5 0 1 
6 0 1 
7 0 1 
8 1 0 
9 1 0 
0 1 0 
* 1 0 
# 1 1 
A 1 1 
B 1 1 
C 1 1 
D 0 0 

02 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 

01 Digit 
1 1 
0 2 
1 3 
0 4 
1 5 
0 6 
1 7 
0 8 
1 9 
0 0 
1 * 
0 # 
1 A 
0 B 
1 C 
0 D 

TABLE 1: Output Codes 

4-10 

Binary Coded 2-of-8 
08 04 02 01 
0 0 0 0 
0 0 0 1 
0 0 1 0 
0 1 0 0 
0 1 0 1 
0 1 1 0 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 1 0 1 
1 1 0 0 
1 1 1 0 
0 0 1 1 
0 1 1 1 
1 0 1 1 
1 1 1 1 
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Vp 

VIN<VP VIN>VP 

Vp 

SSI 75T202/203 
5V Low-Power 

DTMF Receiver 

~----'-----i 
Analog In l Q. ~ 

.01(.lF a: 

>1~~~ o 
I 
I 
I 
I 
I 
I 
I 

Analog In I ~ 
I 
I 
I 
I 
I 
I 

GND 

FIGURE 1: Input Coupling 

XIN XOUT 

12 11 

ATB 
881 75T202 

13 

XIN Connected to Vp 

12 

881 75T202 

13 

Up to 10 Devices 

FIGURE 2: Crystal Connections 
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SSI75T202/203 
5V Low-Power 
DTMF Receiver 

IN1633 

When tied high, this pin inhibits detection of tone pairs 
containing the 1633Hz component. For detection of all 
16 standard digits, IN1633 must be tied low. 

OUTPUTS D1, D2, D4, D8 and EN 

Outputs 01, 02, 04, 08 are CMOS push-pull when 
enabled (EN high) and open circuited (high imped
ance) when disabled by pulling EN low. These digital 
outputs provide the code corresponding to the de
tected digit in the format programmed by the HEXlB28 
pin. The digital outputs become valid after a tone pair 
has been detected and they are then cleared when a 
valid pause is timed. 

DVand ClRDV 

OV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins 01, 02, 
04, and 08. OVremains high until a valid pause occurs 
or the CLROV is raised high, whichever is earlier. 

ED (SSI 75T203 only) 

The ED output goes high as soon as the SSI 75T203 
begins to detect a OTMF tone pair and falls when the 
75T203 begins to detect a pause. The 01,02,04, and 

DETECTION FREQUENCY 

low Group fa 

Row 0 = 697 Hz 

Row 1 = 770 Hz 

Row 2 = 852 Hz 

Row 3 = 941 Hz 

4-.12 

08 outputs are guaranteed to be valid when OV is high, 
but are not necessarily valid when ED is high. 

N/CPINS 

These pins have no internal connection and may be left 
floating. 

DTMF DIALING MATRIX 

See Figure 3. Please make note that column 3 is for 
special applications and is not normally used in tele
phone dialing. 

ColO Call Col 2 Col 3 

Row 0 GJ 0 0 0 
Row 1 0 0 0 0 
Row 2 [2] 0 0 0 
Row 3 [J 0 0 G 

FIGURE 3: DTMF DIaling Matrix 

High Group 10 

Column 0 = 1209 Hz 

Column 1 = 1336 Hz 

Column 2 = 1477 Hz 

Column 3 = 1633 Hz 
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ABSOLUTE MAXIMUM RATINGS 

551 75T202/203 
5V Low-Power 

DTMF Receiver 

(Operation above absolute maximum ratings may damage the device. All SSI 75T202l203 unused inputs must 
be connected to Vp or GND, as appropriate.) 

PARAMETER CONDITIONS 

DC Supply Voltage - Vp 

Operating Temperature 

Storage Temperature 

Power Dissipation (25°C) 

Input Voltage All inputs except ANALOG IN 

ANALOG IN Voltage 

DC Current into any Input 

Lead Temperature Soldering, 10 sec. 

ELECTRICAL CHARACTERISTICS 
(-40°C STAS +B5°C, Vp= 5V± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Minimum Acceptable Twist Twist High Tone 
Low Tone 

60-Hz Tolerance 

Dial Tone Tolerance "precise" dial tone 

Talk Off M ITEL tape #CM 7290 

Digital Outputs "0" level, 400j.iA load 

(except XOUT) "1" level, 200j.iA load 

Digital Inputs "0" level 

"1"level 

Power Supply Noise wide band 

Supply Current TA = 25°C 

Noise Tolerance MITEL tape #CM 7290 

Input Impedance VP;::VIN;::VP-10 

" dB referenced to lowest amplitude tone 

0790 - rev. 4-13 

MIN 

±(1.5+2Hz) 

-32 

-10 

0 

VP-0.5 

0 

0.7Vp 

100knll15pF 

RATING 

+7V 

-40°C to +B5°C Ambient 

-65°C to + 150°C 

65mW 

(VP + .5V) to -.5V 

(Vp + .5V) to (Vp - 10V) 

±1.0mA 

300°C 

TYP MAX UNITS 

±2.3 ±3.5 %offo 

-2 dBm ref. 
to 600a 

+10 dB 

O.B Vrms 

OdB dB" 

2 hits 

0.5 V 

VP V 

0.3Vp V 

VP V 

10 mVp-p 

10 16 rnA 

-12 dB" 



SSI 75T202/203 
5V Low-Power 
DTMF Receiver 

SSI 75T202/203 TIMING 

PARAMETER 

tON Tone Time 

tOFF Pause Time 

to Detect Time 

tR Release Time 

tsu Data Setup Time 

tH Data Hold Time 

teL DV Clear Time 

tpw CLRDV Pulse Width 

tED ED Detect Time 

tER ED Release Time 

Output Enable Time 

Output Disable Time 

Output Rise Time 

Output Fall Time 

CONDITIONS 

for detection 

for rejection 

for detection 

for rejection 

CL = 50pF, RL = 1 k.Q 

CL = 35pF, RL = 500n 

CL =50pF 

CL =50pF 

4-14 

MIN NOM MAX UNITS 

40 - - ms 

- - 20 ms 

40 - - ms 

- - 20 ms 

25 - 46 ms 

35 - 50 ms 

7 - - ~ 

4.2 - 5.0 ms 

- 160 250 ns 

200 - - ns 

7 - 22 ms 

2 - 18 ms 

- - 200 ns 

- - 200 ns 

- - 200 ns 

- 160 200 ns 
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SSI 75T202/203 TIMING (Continued) 

toff-/ 

DV 

CLRDV 
--~--------~------------------~ 

ED 

FIGURE 4: Timing Diagram 
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SSI75T202/203 
5V Low-Power 
DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

01 

HEXlB28 

EN 

IN1633 

Vp 

N/C 

N/C 

XEN 

ANALOG IN 

18· Pin DIP 
SSI75T202 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T202 
18-pin Plastic DIP 

SSI75T203 
18-pin Plastic DIP 

02 

04 

08 

CLROV 

DV 

ATB 

XIN 

XOUT 

GND 

01 

HEXlB28 

EN 

IN1633 

Vp 

ED 

N/C 

XEN 

ANALOG IN 9 

ORDER NO. 

SS175T202-IP 

S81 75T203-IP 

11 

18· Pin DIP 
SSI75T203 

02 

D4 

D8 

CLRDV 

DV 

ATB 

XIN 

XOUT 

GND 

PKG.MARK 

75T202-IP 

75T203-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 right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the date 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 My/ord Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1989 Silicon Systems, Inc. 
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DESCRIPTION 

The SSI 75T204 is a complete Dual-Tone MuHifre
quency (DTMF) receiver that detects 16 standard 
digits. No front-end pre-filtering is needed. The only 
external components required are an inexpensive 
3.58-MHz television "colorburst" crystal for frequency 
reference and a bias resistor. An Alternate Time Base 
(ATB) is provided to permit operation of up to 10 SSI 
75T204's from a single crystal. The SSI 75T204 
employs state-of-the-art "switched-capacitor" filter 
technology, resuHing in approximately 40 poles of 
filtering, and digital circuitry on the same CMOS chip. 
The analog input signal is pre-processed by 60-Hz 
reject and band split filters and then zero-cross de
tected to provide AGC. Eight bandpass filters detect 
the individual tones. Digital processing is used to 

(Continued) 

FEATURES 

SSI75T204 
5V Low-Power 

Subscriber 
DTMF Receiver 

July, 1990 

• Intended for applications with less requirements 
than the 551 75T202 

• 14-pln plastic DIP or 16-pln SO package for high 

system density 

• NO front-end band-splitting filters required 

• Single low-tolerance 5-volt supply 

• Detects all 16 standard DTMF digits. 

• Uses an Inexpensive 3.579545-MHz crystal 

• Excellent speech immunity 

• Output In 4-bit hexadecimal code 

• Three-state outputs for microprocessor Interface 

BLOCK DIAGRAM 

ANALOG 
IN 

ATB 0-----------, 
XEN 0---------, 

Vp GNO 

,------------------------------1 
, BANOPASSALTERS ! 

I 

CHIP CLOCKS 

4-17 

TIMING 
CIRCUITRY 

I L-______ -¢~ 

l _____ ............ _ _ .. DATA STRODE 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

01 

D2 

D4 

D8 

EN 



SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

DESCRIPTION (Continued) 

measure the tone and pause durations and to provide 
output timing and decoding. The outputs interface 
directly to standard CMOS circuitry and are three-state 
enabled to facilitate bus-oriented architectures. 

ANALOG IN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

The SSI75T204 is designed to accept sinusoidal input 
wave forms but will operate satisfactorily with any input 
that has the correct fundamental frequency with har
monics less then -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The SSI 75T204 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "colorburst" crystal. The crystal 
oscillator is enabled by tying XEN high. The crystal is 
connected between XIN and XOUT. A 1 MO 10% 
resistor is also connected between these pins. In this 
mode, ATB is a clock frequency output. Other SSI 
75T204's (or 75T202's) may use the same frequency 
reference by tying their ATB pins to the ATB of a crystal 
connected device. XIN and XEN of the auxiliary 
devices must then be tied high and low respectively. 
Ten devices may run off a single crystal-connected SSI 
75T204 (or 75T202) as shown in Figure 2. 

OUTPUTS 01, 02, 04, 08 and EN 

Outputs D1, D2, D4, D8 are CMOS push-pull when 
enabled (EN high) and open circuited (high imped
ance) when disabled by pulling EN low. These digital 
outputs provide the hexadecimal code corresponding 
to the detected digit. The digital outputs become valid 
after a tone pair has been detected and they are then 
cleared when a valid pause is timed. The hexadecimal 
codes are described in Table 1. 

4-18 

OV 

DV signals a detection by going high after a valid tone 
pair is sensed and decoded at the output pins D1, D2, 
D4, and D8. DV remains high until a valid pause 
occurs. 

N/CPINS 

These pins have no internal connection and may be left 
floating. 

Output Code 

Olglt 08 04 02 01 

1 0 0 0 1 

2 0 0 1 0 

3 0 0 1 1 

4 0 1 0 0 

5 0 1 0 1 

6 0 1 1 0 

7 0 1 1 1 

8 1 0 0 0 

9 1 0 0 1 

0 1 0 1 0 . 1 0 1 1 

# 1 1 0 0 

A 1 1 0 1 

B 1 1 1 0 

C 1 1 1 1 

D 0 0 0 0 

TABLE 1: Output Codes 

0790 - rev. 
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Vp 

VIN<VP 

551 75T204 
5V Low-Power 

Subscriber DTMF Receiver 

Vp 

~'-"""--I 
Analog In l Q. ~ 

.Q1I1F a: 

>1 ~-"'*---I ~ 
I 
I 
I 
I 
I 
I 
I 

ATB 

GND 

Analog In I Q. 
I 
I 
I 
I 
I 
I 
I 

FIGURE 1: Input Coupling 

11 

11 

10 

XOUT 

9 

SSI75T204 

XIN Connected to Vp 

10 

Up to 10 Devices 

FIGURE 2: Crystal Connections 
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SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

DTMF DIALING MATRIX 

See Figure 3. Please note that column 3 is for special applications and is not normally used in telephone dialing. 

Col 0 Col 1 Col 2 Col 3 

Row 0 0 0 0 0 
Row 1 ~ 0 0 0 
Row 2 [2] 0 0 0 
Row 3 D 0 0 G 

FIGURE 3: DTMF Dialing Matrix 

FIGURE 4: Timing Diagram 

4-20 0790- rev. 



DETECTION FREQUENCY 

Low Group fo 

Row 0 = 697 Hz 

Row 1 = 770 Hz 

Row2=852 Hz 

Row 3 = 941 Hz 

SSI 75T204 TIMING (Refer to Figure 4.) 

PARAMETER 

tON Tone Time 

tOFF Pause Time 

tD Detect Time 

tA Release Time 

tsu Data Setup Time 

tH Data Hold Time 

Output Enable Time 

Output Disable Time 

Output Rise Time 

Output Fall Time 

0790- rev, 

CONDITIONS 

for detection 

for rejection 

for detection 

for rejection 

CL = 50pF, RL = 1 kn 

SSI75T204 
5V Low-Power 

Subscriber DTMF Receiver 

High Group fo 

Column 0 = 1209 Hz 

Column 1 = 1336 Hz 

Column 2 = 1477 Hz 

Column 3 = 1633 Hz 

MIN NOM MAX UNITS 

40 - - ms 

- - 20 ms 

40 - - ms 

- - 20 ms 

25 - 46 ms 

35 - 50 ms 

7 - - ~ 

4.2 - 5.0 ms 

- - 200 ns 

CL = 35pF, RL = 500n - - 200 ns 

CL =50pF - - 200 ns 

CL =50pF - - 200 ns 
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SS175T204. 
5V Low-Power 
Subscriber DTMF Receiver 

APPLICATION INFORMATION 

The SSI 75T204 will tolerate total input RMS noise up 
to 12dB below the lowest amplitude tone. For most 
telephone applications, the combination of the high 
frequency attenuation of the telephone line and inter
nal band-limiting make special circuitry at the input to 
the SSI 75T204 unnecessary. However, noise near 
the 56kHz internal sampling frequency will be aliased 
(folded back) into the audio spectrum, so if excessive 

NOISY 
SIGNAL 

2.4K±5% 

noise is present above 28kHz, the simple RC filter 
shown in Figure 5 may be employed to band limit the 
incoming signal. 

Noise will also be reduced by placing a grounded trace 
around the XIN and XOUT pins on the circuit board 
layout when using a crystal. It is important to note that 
XOUT is not intended to drive an additional device. XIN 
may be driven externally; in this case leave XOUT 
floating. 

ANALOG IN 
SS175T204 

.0,,,,,'20% I 

FIGURE 5: RC Filter 
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ABSOLUTE MAXIMUM RATINGS 

SSI75T204 
5V Low-Power 

Subscriber DTMF Receiver 

(Operation above absolute maximum ratings may damage the device. All SSI 7ST204 unused inputs must be 
connected to Vp or GND, as appropriate.) 

PARAMETER CONDITIONS 

DC Supply Voltage - Vp 

Operating Temperature 

Storage Temperature 

Power Dissipation (2S°C) 

Input Voltage All inputs except ANALOG IN 

ANALOG IN Voltage 

DC Current into any Input 

Lead Temperature Soldering, 10 sec. 

ELECTRICAL CHARACTERISTICS 
(-40°C::;; TA::;; +8SoC, Vp = sv ± 10%) 

PARAMETER CONDITIONS 

Frequency Detect Bandwidth 

Amplitude for Detection each tone 

Minimum Acceptable Twist Twist HighTone 
Low Tone 

60-Hz Tolerance 

Dial Tone Tolerance "precise" dial tone 

Talk Off MITEL tape #CM 7290 

Digital Outputs "0" level, 400~ load 

(except XOUT) "1" level, 200~ load 

Digital Inputs "O"level 

"1"level 

Power Supply Noise wide band 

Supply Current TA = 2SoC 

Noise Tolerance MITEL tape #CM 7290 

Input Impedance VP~VIN~Vp-1 0 

" dB referenced to lowest amplitude tone 

0790 - rev, 4-23 

MIN 

±(1.S+2Hz) 

-32 

-10 

0 

VP-O.S 

0 

0.7VP 

100KClll1SpF 

RATING 

+7V 

-40°C to +8SoC Ambient 

-6s06 to + 1S0°C 

6SmW 

(Vp + O.SV) to -O.SV 

(Vp + .SV) to (Vp - 10V) 

±1.0mA 

300°C 

TYP MAX UNITS 

±2.3 ±3.S % offo 

-2 dBm ref. 
to 600n 

+10 dB 

0.8 Vrms 

OdB dB" 

2 hits 

O.S V 

VP V 

0.3VP V 

VP V 

10 mVp-p 

10 16 rnA 

-12 dB" 



SSI75T204 
5V Low-Power 
Subscriber DTMF Receiver 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

02 04 

01 08 

EN DV 

VP ATB 

N/C XIN 

XEN XOUT 

ANALOG IN GND 

14· Pin DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T204 
14-pin PDIP 

SSI75T204 
16-pinSOL 

02 04 

01 08 

EN OV 

VP N/C 

N/C ATB 

N/C 11 XIN 

XEN XOUT 

ANALOG IN GNO 

16· Pin SOL 

ORDER NO. PKG.MARK 

SS175T204-IP 75T204-IP 

SSI 75T204-IL 75T204-IL 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1989 Silicon Systems,lnc. 4-24 0790 - rev. 



DESCRIPTION 

Silicon Systems' SSI75T2089 is a complete Dual-Tone 
Multifrequency (DTMF) Transceiverthat can both gen
erate and detect all 16 DTMF tone pairs. The SSI 
75T2089 circuit integrates the performance proven SSI 
75T202 DTMF receiver with a new DTMF generator 
circuit. 

The DTMF receiver electrical characteristics are iden
tical to the standard SSI75T202 device characteristics. 
The DTMF generator provides performance similar to 
the Mostek MK5380, but with an improved (tighter) 
output amplitude range specification and with the addi
tion of independent latch and reset controls. 

The only external components necessary for the 
SSI 75T2089 are a 3.58 MHz "colorburst" crystal with a 
parallel 1 MQ resistor. This provides the time base for 
digital functions and switched-capacitor filters in the 
device. No external filtering is required. 

BLOCK DIAGRAM 

D7 .. 
DO .. 

Yo 
."." 

Yo 
IESET 

"" 

SSI75T2089 
DTMF Transceiver 

July, 1990 
FEATURES 

• DTMF Generator and Receiver on one-chip 

• 22-pln, 400 mil plastic DIP 

• Low-power 5 volt CMOS 
• DTMF Receiver exhibits excellent speech Immunity 
• Three-state outputs (4-blt hexadetlmal) from DTMF 

Receiver 

• AC coupled, Internally biased analog Input 

• Latched DTMF Generator Inputs 

• Analog Input range from -32 to -2 dBm (ref 600 0) 

• DTMF output typo --8 dBm (Low Band) and -5.5 dBm 
(High Band) 

• Uses Inexpensive 3.579545 MHz crystal for refer
ence 

• Easy Interface for microprocessor dialing 

PIN DIAGRAM 

D3 DV 

02 07 

01 D6 

DO D5 

rn: D4 

VP r:ATCll 

DlNF XEN RST 
CUT 

DIN NIC 

XOUT NIC 

XIN DTMFOUT 

ATB VN 

DY 

:»-+---<:1 D' 

Yo Yo 

790 - rev. 

:»-+---<:1 DO 
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SSI75T2089 
DTMF Transceiver 

CIRCUIT OPERATION 

RECEIVER 

The DTMF Receiver in the SSI 75T2089 detects the 
presence of a valid tone pair (indicating a single dialed 
digit) on a telephone line or other transmission me
dium. The analog input is pre-processed by 60 Hz 
reject and band-splitting filters, then hard-limited to 
provide Automatic Gain Control. Eight bandpass fiHers 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. The outputs will drive standard 
CMOS circuitry, and are three-state enabled to facili
tate bus-oriented architectures. 

DIN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The Input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

I 
I 
I 
I 
I 

VINcVP I 
I 
I 
I 
I 
I jj: 

~ 
DIN I Q. 

I 
I 
I 
I 
I 
I 

vp 

GND 

f-
IOpF 

.011'1' jj: 

>1~ 
DIN I Q. 

I 
I 
I 
I 
I 
I 
I 

vp 

GND 

FIGURE 1: Input Coupling 

I-
10pF 

>100KIl 

The SSI 75T2089 is deSigned to accept sinusoidal 
input waveforms but will operate satisfactorily with any 
input that has the correct fundamental frequency with 
harmonics greaterthan -20 dB below the fundamental. 
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CRYSTAL OSCILLATOR 

The SSI 75T2089 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "color-burst" crystal. The crystal 
is placed between XIN and XOUT in parallel with a 
1 Mil resistor, while XEN is tied high. Since the 
switched-capacitor-filter time base is derived from the 
crystal oscillator, the frequency accuracy of all portions 
of the SSI 75T2089 depends on the time base toler
ance. The SSI DTMF Receiver frequency response 
and timing is specified for a time base accuracy of at 
least ±0.005%. ATB is a clock frequency output. Other 
devices may use the same frequency reference by 
tying their ATB pins to the ATB of a crystal connected 
device. XIN and XEN of the auxiliary devices must then 
be tied high and low respectively, XOUT is left floating. 
XOUT is deSigned to drive a resonant circuit only and 
is not intended to drive additional devices. Ten devices 
may run off a single crystal-connected SSI75T2089 as 
shown in Figure 2. 

XIN XOUT 

10 9 

SSI75T2D89 

XIN Connected to V P 

10 

SSI75T2D89 

11 

Up to 10 Devices 

vp 

XEN 
7 

FIGURE 2: Crystal Connections 

RECEIVER OUTPUTS AND THE DE PIN 

Outputs DO, 01, 02, 03 are CMOS push-pull when 
enabled (DE low) and open-circuited (high impedance) 
when disabled (DE high). These digital outputs provide 
the hexadecimal code corresponding to the detected 
digit. Figure 3 shows that code. 
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The digital outputs become valid and DV signals a 
detection after a valid tone pair has been sensed. The 
outputs and DV are cleared when a valid pause has 
been timed. 

Hexadecimal Code 
Digit In D7 D6 D5 D4 

Out D3 D2 D1 DO 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
0 1 0 1 0 . 1 0 1 1 
# 1 1 0 0 
A 1 1 0 1 
B 1 1 1 0 
C 1 1 1 1 
D 0 0 0 0 

FIGURE 3 

GENERATOR 

The DTMF generator on the SSI 75T2089 responds to 
a hexadecimal code input with a valid tone pair. Pins 
D4-D7 are the data inputs for the generator. A high to 
low transition on LATCH causes the hexadecimal code 
to be latched internally and generation of the appropri
ate DTMF tone pair to begin. The DTMF output is 
disabled by a high on RESET and will not resume until 
new data is latched in. 

DIGITAL INPUTS 

The D4, D5, D6, D7, LATCH, RESET inputs to the 
DTMF generator may be interfaced to open-collector 
TTL with a pull-up resistor or standard CMOS. These 
inputs follow the same hexadecimal code format as the 
DTMF receiver output. Figure 4 shows the code for 
each digit. The dialing matrix and detection frequency 
table below list the frequencies of the digits 
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SSI75T2089 
DTMF Transceiver 

ColO CoIl Col 2 Col 3 

RaN 0 ~ 0 0 0 
RaN 1 0 0 0 0 
RaN 2 0 0 0 0 
RaN 3 D 0 0 G 
NOTE: Colurm 3 Is for spacIal applications 
and I. not normally uaad In telephone dialing. 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

Low Group fo High Group fo 

Row 0 = 697Hz Column 0 = 1209Hz 

Row 1 = 770Hz Column 1 = 1336Hz 

Row 2 = 852Hz Column 2 = 1477Hz 

Row 3 = 941Hz Column 3 = 1633Hz 

DTMFOUT 

The output amplitude characteristics listed in the speci
fications are given for a supply voltage of 5.0V. How
ever, the output level is directly proportional to the 
supply, so variations in it will affect the DTM F output. A 
recommended line interface for this output is shown in 
Figure 5. 

~1000 .., 
-L.. 

FIGURE 5: DTMF Output 



SSI75T2089 
DTMF Transceiver 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Operating above absolute maximum ratings may damage the device. 

PARAMETER RATING 

DC Supply VoHage (Vp - Vn) +7 

VoHage at any Pin (Vn = 0) -0.3 to Vp + 0.3 

DIN Voltage Vp + 0.5 to Vp - 10 

Current through any Protection Device ±20 

Operating Temperature Range -40 to +85 

Storage Temperature -65 to 150 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN 

Supply VoHage 4.5 

Power Supply Noise (wide band) 

Ambient Temperature -40 

Crystal Frequency -0.01 
(F Nominal = 3.579545MHz) 

Crystal Shunt Resistor 0.8 

DTMF OUT Load Resistance 100 

DIGITAL AND DC REQUIREMENTS 

UNIT 

V 

V 

V 

mA 

°C 

°C 

NOM MAX UNITS 

5.5 V 

10 mVpp 

+85 °C 

+0.01 % 

1.2 Mil 

il 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. The specifications do not apply to the following pins: DIN, XIN, 
XOUT, and DTMF OUT. Positive current is defined as entering the circuit. Vn = 0 unless otherwise stated. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current* 15 30 mA 

Power Dissipation 225 mW 

Input VoHage High 0.7Vp V 

Input VoHage Low 0.3Vp V 

Input Current High 10 IlA 
Input Current Low -10 IlA 
Output VoHage High loh = -0.2mA Vp-0.5 V 

Output VoHage Low 101 = +O.4mA Vn+0.5 V 

* with DTMF output disabled 
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DTMF RECEIVER: Electrical Characteristics 

PARAMETER CONDITIONS MIN 

Frequency Detect Bandwidth ±(1.5+2Hz) 

Amplitude for Detection -32 

Twist Tolerance -10 

60Hz Tolerance 

Dial Tone Tolerance Precise Dial Tone 

Speech Immunity MITEL Tape #CM7290 

Noise Tolerance MITEL Tape #CM7290 

Input Impedance 100 

" Referenced to lowest amplitude tone 

DTMF RECEIVER: Timing Characteristics 

PARAMETER CONDITIONS MIN 

TON Tone Time for Detect 40 

TON Tone Time for No Detect 

TOFF Pause Time for Redetection 40 

TOFF Pause Time for Bridging 

TD1 Detect Time 25 

TR1 Release Time 35 

TSU1 Data Set Up Time 7 

THD1 Data Hold Time 4.2 

Output Enable Time 

Output Disable Time 

DTMF GENERATOR: Electrical Characteristics 

PARAMETER CONDITIONS MIN 

Frequency Accuracy -1.0 

Output Amplitude R1 = 1 OOQ to Vn. Vp - Vn = S.OV 

Low Band -9.2 

High Band -6.6 

Output Distortion DC to 50kHz 

0790 - rev. 4-29 

SSI75T2089 
DTMF Transceiver 

NOM MAX UNIT 

±2.3 ±3.5 %Fo 

-2 dBm 

+10 dB 

0.8 Vrms 

0 dB" 

2 hits 

-12 dB" 

kn 

NOM MAX UNIT 

ms 

20 ms 

ms 

20 ms 

46 ms 

50 ms 

IJ.S 
5.0 ms 

200 ns 

200 ns 

NOM MAX UNIT 

+1.0 %Fo 

-7.2 dBm 

-4.6 dBm 

-20 dB 



SSI75T2089 
DTMF Transceiver 

DTMF GENERATOR: Timing Characteristics 

PARAMETER CONDITIONS 

TSTAAT Start-Up Time 

TSU2 Data Set-Up Time 

THD2 Data Hold Time 

TAP RESET Pulse Width 

TPW LATCH Pulse Width 

DIN 

MIN 

100 

50 

100 

100 

OV 

I-roi-I~..JI~. =TR=1 ~.I 

_-----'I ,--I _--' 

NOM MAX 

2.5 

L 
TSU1 -II-- --II-- TH01 -----I1r-------=-;1 ""'--1 ------,L 

DO, 01, 02, D3 

FIGURE 6: DTMF DECODER 

:: 

TH02 

~I 04. 05.06. 07 t TSU2 TPW 

rmm 
TPW 

(SEE NOlC) 

RESET I 
I TSTARTI I 

TRP 

OTMFOUT < > 
NOTE: THE INOICAlCO TIME MAY BE AS SMALL AS 0 SEC .. MEANING THAT THE J:A'rnFI AND RESET LINES MAY BE TIED TOGETHER. 

FIGURE 7: DTMF GENERATOR 
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UNIT 

p.s 

ns 

ns 

ns 

ns 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T2089 
22-Pin Plastic DIP 

03 

02 

01 

00 

TIE' 

VP 

XEN 

OIN 

XOUT 

XIN 

ATB 

22·Pin DIP 

OV 

07 

06 

05 

04 

l:ATCH 

RST 

N/C 

N/C 

OTMFOUT 

VN 

ORDER NO. 

SSI75T2089 -IP 

SSI75T2089 
DTMF Transceiver 

PKG.MARK 

75T2089 -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 right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems. Inc .• 14351 Myford Road, Tustin, CA 92680, (714) 731-7110. FAX: (714) 731-5457 
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D7 
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D< 

= 
RESET 
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DESCRIPTION 

Silicon Systems' SSI75T2090 is a complete Dual-Tone 
Multifrequency (DTMF) Transceiver that can both gen
erate and detect all 16 standard Touch-Tone digits. 
The SSI 75T2090 circuit integrates the performance 
proven SSI75T202 DTMF Receiver with a new DTMF 
generator circuit. 

The DTM F Receiver electrical characteristics are iden
tical to the standard SSI75T202 device characteristics. 
The DTMF generator provides performance similar to 
the Mostek MK5380, but with an improved (tighter) 
output amplitude range specification and with the addi
tion of independent latch and reset controls. 

An additional features of the 75T2090 is "imprecise" call 
progress detector. The detector detects the presence 
of signals in the 305-640 Hz band. (Continued) 

RS BLOCK DIAGRAM 

Vp 

v, 

DET 

D"" 
OUT 

DV 

D3 

D' 

Dl 

DO 
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SSI75T2090 
DTMF Transceiver and 

Call Progress Detection 

July, 1990 
FEATURES 

• DTMF Generator and Receiver on one-chip 
• 22-pln, 400 mil plastic DIP 
• Low-power 5 volt CMOS 
• DTMF Receiver exhibits excellent speech Immunity 
• Three-state outputs (4-blt hexadecimal) from DTMF 

Receiver 

• AC coupled, Internally biased analog Input 
• Latched DTMF Generator Inputs 
• Analog Input range from -32 to -2 dBm (ref 6000) 
• DTMF output typo -8 dBm (Low Band) and -

5.5 dBm (High Band) 

• Uses Inexpensive 3.579545 MHz crystal for 
reference 

• Easy Interface for microprocessor dialing 
• Call progress detection 

PIN DIAGRAM 

03 OV 

02 07 

01 os 
DO 05 

151: D4 

VP ~ 

XEN RST 

DIN DET 

XOUT LIN 

XIN DTMFOUT 

ATB VN 

CAUTION: Use handling procedures necessary 
for a static sensitive component 



SSI75T2090 
DTMF Transceiver with 
Call Progress Detection 

DESCRIPTION (Continued) 

The only external components necessary for the 
SSI 75T2090 are a 3.58 MHz "colorburst" crystal with 
a parallel 1 Mil resistor. This provides the time base for 
digital functions and switched-capacitor filters in the 
device. No external fiHering is required. 

CIRCUIT OPERATION 

RECEIVER 

The DTMF Receiver in the 881 75T2090 detects the 
presence of a valid tone pair (indicating a Single dialed 
digit) on a telephone line or other transmission me
dium. The analog input is pre-processed by 60Hz 
reject and band-splitting fiHers, then hard-limited to 
provide Automatic Gain Control. Eight bandpass filters 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. The outputs will drive standard 
CM08 circuitry, and are three-state enabled to facili
tate bus-oriented architectures. 

DIN 

This pin accepts the analog input. It is intemally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

vp vp 

VINcVP VIN>VP 

>--<:>! 
.01p1' :g: 

r- ~It-<H l-
OIN I e. 1~ 1~ 

I I 
I I 
I >IOOIUl I >loolUl 
I I 
I I 
I I 
I I 

GND GND 

FIGURE 1: Input Coupling 

4-34 

The 881 75T2090 is designed to accept sinusoidal 
input waveforms but will operate satisfactorily with any 
input that has the correct fundamental frequency with 
harmonics greater than -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The S81 75T2090 contains' an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "color-burst" crystal. The crystal 
is placed between XIN and XOUT in parallel with a 
1 Mil resistor, while XEN is tied high. Since the 
switched-capacitor-filter time base is derived from the 
crystal oscillator, the frequency accuracy of all portions 
of the SSI 75T2090 depends on the time base toler
ance. The S81 DTMF Receiver frequency response 
and timing is specified for a time base accuracy of at 
least ±0.005%. ATB is a clock frequency output. Other 
devices may use the same frequency reference by 
tying their ATB pins to the ATB of a crystal connected 
device. XIN and XEN of the auxiliary devices must then 
be tied high and low respectively, XOUT is left floating. 
XOUT is designed to drive a resonant circuit only and 
is not intended to drive additional devices. Ten devices 
may run off a single crystal-connected SSI 75T2090 as 
shown in Figure 2. 

Vp 

XIN XOUT 

10 9 

ATB SSI75T2090 7 

11 

XIN Connected to Vp 

10 

SSI75T2090 7 
XEN 

11 

Up to 10 Devices 

FIGURE 2: Crystal Connections 
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RECEIVER OUTPUTS AND THE DE PIN 

Outputs DO, D1, D2, D3 are CMOS push-pull when 
enabled (DE low) and open-circuited (high impedance) 
when disabled (DE high). These digital outputs provide 
the hexadecimal code corresponding to the detected 
digit. Figure 3 shows that code. 

The digital outputs become valid and DV signals a 
detection after a valid tone pair has been sensed. The 
outputs and DV are cleared when a valid pause has 
been timed. 

Hexadecimal Code 
Digit In D7 D6 D5 D4 

Out D3 D2 D1 DO 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
0 1 0 1 0 
* 1 0 1 1 
# 1 1 0 0 
A 1 1 0 1 
B 1 1 1 0 
C 1 1 1 1 
D 0 0 0 0 

FIGURE 3 

GENERATOR 

The DTMF generator on the SSI75T2090 responds to 
a hexadecimal code input with a valid tone pair. Pins 
04-07 are the data inputs for the generator. A high to 
low transition on LATCH causes the hexadecimal code 
to be latched internally and generation of the appropri
ate OTMF tone pair to begin. The OTMF output is 
disabled by a high on RESET and will not resume until 
new data is latched in. 
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SSI75T2090 
DTMF Transceiver with 

Call Progress Detection 

DIGITAL INPUTS 

The 04, 05, 06, 07, LATCH, RESET inputs to the 
OTMF generator may be interfaced to open-collector 
TIL with a pull-up resistor or standard CMOS. These 
inputs follow the same hexadecimal code format as the 
OTMF receiver output. Figure 4 shows the code for 
each digit. The dialing matrix and detection frequency 
table below list the frequencies of the digits. 

ColO Coil Col 2 Col 3 

Row 0 GJ 0 [2] 0 
Row I 0 0 0 0 
Row 2 I2J 0 [!] 0 
Row 3 D 0 0 G 
NOTE: Co"mn 3 I. for special applications 
and is not normally uoed In telephone dialing. 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

Low Group fo High Group fo 

Row 0 = 697Hz Column 0 = 1209Hz 

Row 1 = 770Hz Column 1 = 1336Hz 

Row 2 = 852Hz Column 2 = 1477Hz 

Row 3 = 941Hz Column 3 = 1633Hz 



SSI75T2090 
DTMF Transceiver with 
Call Progress Detection 

DTMFOUT 

The output amplitude characteristics listed in the speci
fications are given for a supply voltage of 5.0V, How
ever, the output level is directly proportional to the 
supply, so variations in it will affect the DTM F output. A 
recommended line interface for this output is shown in 
Figure 5. 

CALL PROGRESS DETECTION 

The Call Progress Detector consists of a bandpass 
filter and an energy detector for turning the on/off 
cadences into a microprocessor compatible signal. 

LIN INPUT 

This analog input accepts the call progress signal and 
should be used in the same manner as the receiver 
input DIN. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

DETOUTPUT 

This output is TTL compatible and will be of a frequency 
corresponding to the various cadences of Call Prog
ress signals such as, on 0.5 sec/off 0.5 sec for a busy 
tone, on 0.25 sec/off 0.25 sec for a reorder tone and on 
0.8-1.2 sec/off 2.7-3.3 sec for an audible ring tone. 

DTMF 1--___ ....... 1:1 

__ O_U_T-, C :':0 

FIGURE 5: DTMF Output 

Operating above absolute maximum ratings may damage the device. 

PARAMETER RATING UNIT 

DC Supply Voltage (Vp - Vn) +7, V 

Voltage at any Pin (Vn = 0) -0.3 to Vp + 0.3 V 

DIN Voltage Vp + 0.5 to Vp - 10 V 

Current through any Protection Device ±20 mA 

Operating Temperature Range -40 to + 85 °C 

Storage Temperature -65 to 150 °C 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Voltage 4.5 5.5 V 

Power Supply Noise (wide band) 10 mVpp 

Ambient Temperature -40 +85 °C 

Crystal Frequency -0.01 +0.01 % 
(F Nominal = 3.579545MHz) 

Crystal Shunt Resistor 0.8 1.2 Mil 

DTMF OUT Load Resistance 100 il 
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DIGITAL AND DC REQUIREMENTS 

SSI75T2090 
DTMF Transceiver with 

Call Progress Detection 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. The specifications do not apply to the following pins: LIN, DIN, XIN, 
XOUT, and DTMF OUT. Positive current is defined as entering the circuit. Vn = 0 unless otherwise stated. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current" 15 30 rnA 

Power Dissipation 225 mW 

Input Voltage High O.7Vp V 

Input Voltage Low 0.3Vp V 

Input Current High 10 IlA 
Input Current Low -10 IlA 
Output Voltage High loh = -0.2mA Vp-0.5 V 

Output Voltage Low 101 = +O.4mA Vn+0.5 V 

• with DTMF output disabled 

DTMF RECEIVER: Electrical Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Frequency Detect Bandwidth ±(1.S+2Hz) ±2.3 ±3.5 %Fo 

Amplitude for Detection -32 -2 dBm 

Twist Tolerance -10 +10 dB 

60Hz Tolerance 0.8 Vrms 

Dial Tone Tolerance Precise Dial Tone 0 dB" 

Speech Immunity MITEL Tape #CM7290 2 hits 

Noise Tolerance MITEL Tape #CM7290 -12 dB" 

Input Impedance 100 kn 

" Referenced to lowest amplitude tone 

DTMF RECEIVER: Timing Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Tone Time for Detect 40 ms 

TON Tone Time for No Detect 20 ms 

TOFF Pause Time for Redetection 40 ms 

TOFF Pause Time for Bridging 20 ms 

TD1 Detect Time 25 46 ms 

TR1 Release Time 35 50 ms 
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DTMF RECEIVER: Timing Characteristics (continued) 

PARAMETER CONDITIONS 

TSU1 Data Set Up Time 

THD1 Data Hold Time 

Output Enable TIme 

Output Disable Time 

DTMF GENERATOR: Electrical Characteristics 

PARAMETER CONDITIONS 

Frequency Accuracy 

Output Amplitude R1 = 1 oon to Vn, Vp - Vn = s.OV 

Low Band 

High Band 

Output Distortion DC to 50kHz 

DTMF GENERATOR: Timing Characteristics 

PARAMETER CONDITIONS 

TSTART Start-Up TIme 

TSU2 Data Set-Up TIme 

THD2 Data Hold Time 

TRP RESET Pulse Width 

TPW LATCH Pulse Width 

CALL PROGRESS DETECTOR: Electrical Characteristics 

PARAMETER CONDITIONS 

Amplitude for Detection 305HZ-640Hz 

Amplitude for No Detecion 305HZ-640Hz 

f>2200Hz, <160Hz 

Detect Output Logic 0 

Logic 1 

"LlN"lnput Max. Voltage 

Input Impedance 500Hz 
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MIN NOM MAX UNIT 

7 JlS 
4.2 5.0 ms 

200 ns 

200 ns 

MIN NOM MAX UNIT 

-1.0 +1.0 O/OFo 

-9.2 -7.2 dBm 

-6.6 -4.6 dBm 

-20 dB 

MIN NOM MAX UNIT 

2.5 JlS 
100 ns 

50 ns 

100 ns 

100 ns 

MIN NOM MAX UNIT 

-40 0 dBm 

-50 dBm 

-25 dBm 

.5 V 

4.5 V 

VOD-10 Voo V 

100 kO. 

0790- rev. 



0790- rev. 

SSI75T2090 
DTMF Transceiver with 

Call Progress Detection 

CALL PROGRESS DETECTOR: Timing Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Signal Time for Detect 40 ms 

TON Dignal Time for No Detect 10 ms 

TOFF Interval Time for Detect 40 ms 

TOFF Interval Time to No Detect 20 ms 

TD2 Detect Time 40 ms 

TR2 Release Time 40 ms 

I TON I T9FE I 

UN ~:;:·i.~:~~:.~:~:~} [{~,,_I __ --'�r:<!...."~~~:"..,~£",.~=:i:~:""~)~",,i~;j:I'_ __ _ 

DV 

DO, 01, 02, D3 

04. 05. 06. 07 

RESET 

OTMFOUT 

L 
15U. ---lj!-I-___ -l---'-ll-THD • .--__ ---, 

FIGURE 6: DTMF Decoder 

I' 

THD2 

1 TSU2 TPW 

I 
1 

TPW 

I TSTARTI 

< 

I--ro;--l 
DET __ -----'I 

~ 
1 

FIGURE 7: Call Progress Detector 

* I 
(SEE NOTE) 

I 
I 

TAP 

> 
NOTE: THE INDICATED TIME MAY BE AS SMALL AS 0 SEC •• MEANING THAT THE IATCH AND RESET LINES MAY BE TIED TOGETHER. 

FIGURE 8: DTMF Generator 
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SSI75T2090 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T2090 
22-Pin DIP 

03 

02 

01 

00 

nr 
VP 

XEN 

OIN 

XOUT 

XIN 

ATB 

22-Pln DIP 

OV 

07 

06 

05 

04 

IATCH 

RST 

OET 

LIN 

OTMFOUT 

VN 

ORDER NO. 

SSI75T2090 - IP 

PKG.MARK 

75T2090 -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 right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 
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SSI75T2091 
DTMF Transceiver with 

Early Detect & 
Call Progress Detection 

July, 1990 

DESCRIPTION FEATURES 

Silicon Systems' SSI75T2091 is a complete Dual-Tone 
MuHifrequency (DTMF) Transceiver that can both gen
erate and detect all 16 DTMF tone-pairs. The SSI 
75T2091 circuit integrates the performance proven SSI 
75T203 DTMF receiver with a new DTMF generator 
circuit. 

The DTMF receiver electrical characteristics are iden
tical to the standard SSI75T203 device characteristics. 
The DTMF generator provides performance similar to 
the Mostek MK5380, but with an improved (tighter) 
output amplitude range specification and with the addi
tion of independent latch and reset controls. 

An additional feature of the SSI75T2091 is "imprecise" 
call progress detector. The detector detects the pres
ence of signals in the 305-640 Hz band. 

(Continued) 

BLOCK DIAGRAM 
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DTMF Generator and Receiver on one-chip 
Call progress detection 
Early detect output 

DTMF Receiver exhibits excellent speech Immunity 
Analog Input range from --32 to -2 dBm (ref 600 Q) 

Three-state outputs (4-bit hexadecimal) from DTMF 
Receiver 

AC coupled, Internally biased analog Input 
Latched DTMF Generator Inputs 
DTMF outputtyp. -8 dBm (Low Band) and -5.5 dBm 
(High Band) 
Easy Interface for microprocessor dialing 
Uses Inexpensive 3.579545 MHz crystal for refer
ence 

Low-power 5 volt CMOS 
28-pln DIP or PLCC 

PIN DIAGRAM 

03 

01 OV 

07 

06 

05 

04 

G\TNI 

RST 

NC 

NC NC 

OET 

XOUT LIN 

XIN OTMFOUT 

ATB VN 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI75T2091 
DTMF Transceiver with 
Early Detect & 
Call Progress Detection 

DESCRIPTION (Continued) 

The only external components necessary for the 
SSI 75T2091 are a 3.58 MHz "colorburst" crystal with 
a parallel 1 MO resistor. This provides the time base for 
digital functions and switched-capacitor filters in the 
device. No external filtering is required. 

CIRCUIT OPERATION 

RECEIVER 

The DTMF Receiver in the SSI 75T2091 detects the 
presence of a valid tone pair (indicating a single dialed 
digit) on a telephone line or other transmission me
dium. The analog input is pre-processed by 60 Hz 
reject and band-splitting filters, then hard-limited to 
provide Automatic Gain Control. Eight bandpass filters 
detect the individual tones. The digital post-processor 
times the tone durations and provides the correctly 
coded digital outputs. The outputs will drive standard 
CMOS circuitry, and are three-state enabled to facili
tate bus-oriented architectures. 

DIN 

This pin accepts the analog input. It is internally biased 
so that the input signal may be AC coupled. The input 
may be DC coupled as long as it does not exceed the 
positive supply. Proper input coupling is illustrated in 
Figure 1. 

I 
I 
I 
I 
I 

VINeVP I 

vp 

GND 

I 
I 
I 
I 
I 

VIN>VP I 

FIGURE 1: Input COupling 

vp 

GND 
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The SSI 75T2091 is designed to accept sinusoidal 
input waveforms but will operate satisfactorily with any 
input that has the correct fundamental frequency with 
harmonics greater than -20 dB below the fundamental. 

CRYSTAL OSCILLATOR 

The SSI 75T2091 contains an onboard inverter with 
sufficient gain to provide oscillation when connected to 
a low-cost television "color-burst" crystal. The crystal 
is placed between XIN and XOUT in parallel with a 
1 MO resistor, while XEN is tied high. Since the 
switched-capacitor-filter time base is derived from the 
crystal oscillator, the frequency accuracy of all portions 
of the SSI 75T2091 depends on the time base toler
ance. The SSI DTMF Receiver frequency response 
and timing is specified for a time base accuracy of at 
least±0.005%. ATB is a clock frequency output. Other 
devices may use the same frequency reference by 
tying their ATB pins to the ATB of a crystal connected 
device. XIN and XEN ofthe auxiliary devices mustthen 
be tied high and low respectively, XOUT is left floating. 
XOUT is designed to drive a resonant circuit only and 
is not intended to drive additional devices. Ten devices 
may run off a single crystal-connected SSI75T2091 as 
shown in Figure 2. 

I 
I 

11 

Up to 10' Devices 

XIN 

10 9 

SS175T2091 

XIN Connected to vp 

10 

SS175T2091 

FIGURE 2: Crystal Connections 

vp 

0790 - rev. 



RECEIVER OUTPUTS AND THE DE PIN 

Outputs ~O, 01, 02, 03 are CMOS push-pull when 
enabled (DE low) and open-circuited (high impedance) 
when disabled (DE high). These digital outputs provide 
the hexadecimal code corresponding to the detected 
digit. Figure 3 shows that code. 

The digital outputs become valid and OV signals a 
detection after a valid tone pair has been sensed. The 
outputs and OV are cleared when a valid pause has 
been timed. 

HexadecImal Code 
DIgIt In 07 06 05 04 

Out 03 02 01 DO 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 

8 1 0 0 0 
9 1 0 0 1 
0 1 0 1 0 
* 1 0 1 1 

# 1 1 0 0 
A 1 1 0 1 
B 1 1 1 0 

C 1 1 1 1 
0 0 0 0 0 

FIGURE 3 

ED OUTPUT 

The ED output goes high as soon as the SSI 75T2091 
begins to detect a OTMF tone pair and falls when the 
SSI 75T2091 begins to detect a pause. The 01, 02, 
04, and 08 outputs are guaranteed to be valid when 
DV is high, but are not necessarily valid when ED is 
high. 
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SSI75T2091 
DTMF Transceiver with 

Early Detect & 
Call Progress Detection 

GENERATOR 

The OTMF generator on the SSI 75T2091 responds to 
a hexadecimal code input with a valid tone pair. Pins 
04-07 are the data inputs for the generator. A high to 
low transition on LATCH causes the hexadecimal code 
to be latched internally and generation of the appropri
ate OTMF tone pair to begin. The OTMF output is 
disabled by a high on RESET and will not resume until 
new data is latched in. 

DIGITAL INPUTS 

The 04, OS, 06, 07, LATCH, RESET inputs to the 
OTMF generator may be interfaced to open-collector 
TIL with a pull-up resistor or standard CMOS. These 
inputs follow the same hexadecimal code format as the 
OTMF receiver output. Figure 4 shows the code for 
each digit. The dialing matrix and detection frequency 
table below list the frequencies of the digits. 

Col 0 Col 1 Col 2 Col 3 

Ra.vO ~ 0 [2] 0 
Row 1 0 0 0 0 
Row 2 0 0 0 [£] 

Row 3 [J 0 0 0 
Nore: ColulM 3 Is for special applications 
and 18 not normally uaad In 'elephone dialing. 

FIGURE 4: DTMF Dialing Matrix 

DETECTION FREQUENCY 

Low Group fo HIgh Group fo 

Row 0 = 697Hz Column 0 = 1209Hz 

Row 1 = 770Hz Column 1 = 1336Hz 

Row 2 = 852Hz Column 2 = 1477Hz 

Row 3 = 941Hz Column 3 = 1633Hz 



SSI75T2091 
DTMF Transceiver with 
Early Detect & 
Call Progress Detection 

DTMFOUT 

The output amplitude characteristics listed in the 
specHications are given for a supply voHage of 5.0V. 
However, the output level is directly proportional to the 
supply, so variations in it will affect the DTM F output. A 
recommended line interface for this output is shown in 
Figure 5. 

CALL PROGRESS DETECTION 

The Call Progress Detector consists of a bandpass 
filter and an energy detector for turning the onloff 
cadences into a microprocessor compatible signal. 

LIN INPUT 

This analog input accepts the call progress signal and 
should be used in the same manner as the receiver 
input DIN. 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

DETOUTPUT 

The output is TIL compatible and will be of a frequency 
corresponding to the various candences of Call Prog
ress signals such as: on 0.5 seC/off 0.5 sec for a busy 
tone, on 0.25 sec/off 0.25 sec for a reordertone and on 
0.8-1.2 seC/off 2.7-3.3 sec for an audible ring tone. 

~~f 1----.,1:1CTIP 
RING 

loon 

FIGURE 5: DTMF Output 

Operating above absolute maximum ratings may damage the device. 

PARAMETER RATING UNIT 

DC Supply VoHage (Vp - Vn) +7 V 

Voltage at any Pin (Vn = 0) -0.3 to Vp + 0.3 V 

DIN Voltage Vp +0.5 toVp -10 V 

Current through any Protection Device ±20 mA 

Operating Temperature Range -40 to +85 °C 

Storage Temperature -65 to 150 °C 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Supply Voltage 4.5 5.5 V 

Power Supply Noise (wide band) 10 mVpp 

Ambient Temperature -40 +85 °C 

Crystal Frequency -0.01 +0.01 % 
(F Nominal = 3.579545MHz) 

Crystal Shunt Resistor 0.8 1.2 MO 

DTMF OUT Load Resistance 100 0 
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DIGITAL AND DC REQUIREMENTS 

SSI75T2091 
DTMF Transceiver with 

Early Detect & 
Call Progress Detection 

The following electrical specifications apply to the digital input and output signals over the recommended 
operating range unless otherwise noted. The specifications do not apply to the following pins: LIN, DIN, XIN, 
XOUT, and DTMF OUT. Positive current is defined as entering the circuit. Vn = 0 unless otherwise stated. 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current· 15 30 rnA 

Power Dissipation 225 mW 

Input Voltage High 0.7Vp V 

Input Voltage Low 0.3Vp V 

Input Current High 10 ~ 
Input Current Low -10 ~ 
Output Voltage High loh = -0.2mA Vp-0.5 V 

Output Voltage Low 101 = +O.4mA Vn+0.5 V. 

" with DTMF output disabled 

DTMF RECEIVER: Electrical Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Frequency Detect Bandwidth ±(1.S+2Hz) ±2.3 ±3.5 %Fo 

Amplitude for Detection Each Tone -32 -2 dBm/tone 

Twist Tolerance -10 +10 dB 

60Hz Tolerance 0.8 Vrms 

Dial Tone Tolerance Precise Dial Tone 0 dB" 

Speech Immunity MITEL Tape #CM7290 2 hits 

Noise Tolerance MITEL Tape #CM7290 -12 dB" 

Input Impedance 100 KO 

• Referenced to lowest amplitude tone 

DTMF RECEIVER: Timing Characteristics 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Tone Time for Detect 40 ms 

TON Tone Time for No Detect 20 ms 

TOFF Pause Time for Redetection 40 ms 

TOFF Pause Time for Bridging 20 ms 

101 Detect Time 25 46 ms 

TR1 Release Time 35 50 ms 
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Call Progress Detection 

DTMF RECEIVER: Timing Characteristics (Continued) 

PARAMETER CONDITIONS 

TSU1 Data Set Up Time 

THD1 Data Hold Time 

TED ED Detect Time 

BER ED Release Time 

Output Enable Time 

Output Disable Time 

DTMF GENERATOR: Electrical Characteristics 

PARAMETER CONDITIONS 

Frequency Accuracy 

Output Amplitude R1 .1000 to Vn, Vp - Vn = 5.0V 

Low Band 

High Band 

Output Distortion OCto 50kHz 

DTMF GENERATOR: Timing Characteristics 

PARAMETER CONDITIONS 

TSTART Start-Up Time 

TSU2 Data Set-Up Time 

THD2 Data Hold Time 

TRP RESET Pulse Width 

TPW LATCH Pulse Width 

CALL PROGRESS DETECTOR: Electrical Characteristics 

PARAMETER CONDITIONS 

Amplitude for Detection 305 Hz-640 Hz 

Amplitude for No Detection 305 Hz-640 Hz 

1>2200 Hz, <160 Hz 

Detect Output Logic 0 

Logic 1 

"UN" Input Max. Voltage 

Input Impedance 500Hz 
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MIN NOM MAX UNIT 

7 J..LS 

4.2 5.0 ms 

7 22 ms 

2 18 ms 

200 ns 

200 ns 

MIN NOM MAX UNIT 

-1.0 +1.0 %Fo 

-9.2 -7.2 dBm 

-6.6 -4.6 dBm 

-20 dB 

MIN NOM MAX UNIT 

2.5 IJ.S 

100 ns 

50 ns 

100 ns 

100 ns 

MIN NOM MAX UNIT 

-40 0 dBm 

-50 dBm 

-25 dBm 

.5 V 

4.5 V 

VOO-10 Voo V 

100 k.Q 
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551 75T2091 
DTMF Transceiver with 

Early Detect & 
Call Progress Detection 

CALL PROGRESS DETECTOR: Electrical Characteristics (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TON Signal Time for Detect 40 ms 

TON Signal Time for No Detect 10 ms 

TOFF Interval Time for Detect 40 ms 

TOFF Interval Time for No Detect 20 ms 

TD2 Detect Time 40 ms 

TR2 Release Time 40 ms 

1 TON 1 TOEF ;",1 === 
UN _1: :~~:~:.~~) ~:;~:~'L-I __ ---'U;i!;:~~i:.~~~:~:: ~jH'-__ _ 

l--..J 1 TFt! I 
1- TD2 -I 1-----1 

Del __ ....JI 1 L 

FIGURE 6: DTMF Decoder FIGURE 7: Call Progress Detector 

I 

THD2 

* 04. 05. 06. 07 t TSU2 TPW 

I tA'rnR' 

TPW 

'I (SEE NOTE) 

RESET I 
1 TSTARTI 1 

TAP 

DTMFOUT < > 
NOTE: THE INDICATED TIME MAY BE AS SMAll. AS 0 SEC •• MEANING THATTHEtA'rnR' AND RESET LINES MAY BE TIED TOGETHEFL 

FIGURE 8: DTMF Generator 
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SSI75T2091 
DTMF Transceiver with 
Early Detect & 
Call Progress Detection 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

~ ... 
02 D3 

8 ;s I:l 8 Q I!l 

01 OV 4 3 2 1 28 27 26 

DO 07 0 05 

D6 D4 

05 rn<:H 

D4 NC 

ED rn<:H 

RST 
XEN RST 

NC 
OET 

NC NC 12 13 14 15 16 17 

DIN OET 
5 Z 8 CD 

~ ;;:; 

~ 
;;:; 

XOUT LIN ~ > ...J 

X 
:::e 

XIN OTMFOUT b 
ATB VN 

28-Pln PLCC 
28-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

881 75T2091 

28-Pin Plastic DIP 881 75T2091 - IP 75T2091 - IP 

28-Pin PLCC 881 75T2091 - IH 75T2091 -IH 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
of third parties resulting from its use. No license is granted under any patents, 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 My/ord Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1989 Silicon Systems, Inc. 0790- rev. 



DESCRIPTION 

The SSI 75T957/957A combines switched-capacitor 
and digital frequency measu ring techniques to decode 
Dual-Tone Multifrequency (DTMF) signals to four bit 
binary data. Dial tone rejection and 60 Hz noise 
rejection filters are built in. Fabricated as a monolithic 
integrated circuit using low power CMOS processing, 
the SSI 75T957/957A is packaged in a 22-pin DIP or 
24-pin SO. The SSI75T957 A will operate with a supply 
range of 5 to 12 volts; the 75T957 is for 5V-only 
operation. An inexpensive 3.58 MHz television crystal 
and a resistor are the only extemal components re
quired. High system density may be achieved by using 
the clock output of one crystal-connected receiver to 
drive the time bases of additional receivers. 

(Continued) 

BLOCK DIAGRAM 

A B BO 12i;6 

FEATURES 

SS175T957/957A 
DTMF Receiver 
with Dial Tone 

Reject Filter 

July, 1990 

• Complete DTMF receiver In 22-pin DIP or 24-pln SO 

• Decodes all 16 DTMF digits 

• Excellent dial tone and speech Immunity 

• Meets telephone Impulse noise Immunity standards 

• Digitally selectable sensitivity to -38 dBm 

• Selectable 4-blt hexadecimal or binary-coded 2-of-8 

output 
• Fabricated using low-power CMOS technology 

o Operates at 5V (75T957) or 12V (75T957 A) 

• Second source of Teltone M-957 

HEX OE 

PIN DIAGRAMS 

DO 

HEX 

OE 

VNO 

12116 

VP 

BO 

A 
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NIC 

NIC 

00 

HEX 

OE 

VNO 

121iir 
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3 
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5 

6 17 AUXCLK 

7 16 osci~lX 
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9 

10 

11 12 SIGNAL IN 

22-pln DIP 

1 24P 

2 23P 
3 22p 

4 21 P 

01 

02 

03 

5 20p 

6 19p 

7 lap 

a 17p 

VP VNO VNA 

VP 

BO 

A 

B 9 16p 

NIC 

CLEAR 

STROBE 

AUXCLK 

OSCilllX 

XIN 

10 lSp 

11 14p 

12 130 

we XO~ 

we VNA 

NIC SIGNAL IN 

CAUTION: Use handling procedures necessary 24-pln SO 
lor a static sensitive component. 
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SSI 75T957/957 A 
DTMF Receiver with 
Dial Tone Reject Filter 

DESCRIPTION (Continued) 

The SIGNAL IN input to the SSI 75T957/957A inter
faces readily to telephone lines, radio receivers, tape 
players and other DTMF signal sources. Inputs A and 
B control sensitivity to a maximum of -38 dBm, while the 
12116 input determines the signals to be detected. The 
pre-processing stages of the SSI 75T957/957A filter 
out dial tone and noise, split the signal into its high 
frequency group and low frequency group compo
nents, and hard limit each component to provide au
tomatic gain control. Four discriminators in each group 

then detect the individual tones. Post-processing 
stages of the SSI75T957 /957 A time the tone durations 
and store binary data for outputting as determined by 
the HEX input. The STROBE output is activated by the 
presence of valid data in the output register and 
cleared by the detection of a valid end-of-signal pause 
or by the CLEAR input. An early signal presence 
indicator, BD, facilitates applications requiring tone 
blocking. The data outputs operate with simple logic 
Circuits or microprocessors and are three-state en
abled to facilitate bus-oriented architectures. 

PIN DESCRIPTION 

NAME 22-pln 24-pln TYPE DESCRIPTION 
DIP SO 

SIGNAL IN 12 13 I DTMF input. Timings are shown in Figure 1. Intemally 
biased so that the input signal may be AC coupled. SIGNAL 
IN also permits DC coupling as long as the input voltage 
does not exceed the positive supply. Proper coupling is 
shown in Figure 3. See Table 1 for the frequency pairs 
associated with each DTMF signal. 

12116 5 5 I DTMF signal detection control. When 12116 is at logic "1,· 
the SSI75T957 detects the 12 most commonly used DTM F 
signals (1 through I). When 12116 is at logic "0," the SSI 
75T957 detects all 16 DTMF signals (1 through D). 

A,B 8,9 8,9 I Binary DTMF signal sensitivity control inputs. A and B 
select the sensitivity of the SIGNAL IN input to a maximum 
of -38 dBm. 

03,02 20,21 22,23 0 Data outputs. When enabled by the OE input, the data 
01,00 22, 1 24, 1 outputs provide the code corresponding to the detected 

digit in the format programmed by the HEX pin. See Table 
1. The data outputs become valid after a tone pair has been 
detected and are cleared when a valid pause is timed. 
Timings are shown in Figure 1. 

OE 3 3 I Output enable. When OE is at logic "1," the data outputs are 
in the CMOS puSh/pull state and represent the contents of 
the output register. When OE is driven to logic ''0,'' the data 
outputs are forced to the high-impedance or ''third'' state. 
Timings are shown in Figure 1. 
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PIN DESCRIPTION (Continued) 

NAME 22-pln 24-pln 
DIP SO 

HEX 2 2 

STROBE 18 19 

CLEAR 19 20 

BD 7 7 

XIN, XOUT 15, 14 16, 15 

OSC/ClK 16 17 

AUXClK 17 18 

VNA, VND 13,4 14,4 

VP 6 6 

N/C 10,11 10-12,21 

0790 - rev. 

TYPE 

I 

0 

I 

0 

I 

I 

0 

-

-
-

DESCRIPTION 

SSI75T957/957A 
DTMF Receiver with 

Dial Tone Reject Filter 

Binary output format control. When HEX is at logic "1" the 
output of SSI 75T957 is full, 4-bit binary. When HEX is at 
logic "0," the output is binary coded 2-of-8. Table 1 shows 
the output codes. 

Valid data indication. STROBE goes to logic "1" after a 
valid tone pair is sensed and decoded at the data outputs. 
STROBE remains at logic "1" until a valid pause occurs or 
the CLEAR input is driven to logic "1," whichever is earlier. 
Once cleared, STROBE will not rise to a logic "1" until a new 
valid tone (preceded by a valid pause) is detected. Timings 
are shown in Figure 1 . 

STROBE control. Driving CLEAR to logic "1" forces the 
STROBE output to logic "0." When CLEAR is at logic "0," 
STROBE is forced to logic "0" only when a valid pause is 
detected. Tie to VNA or VND when not used. 

Button down. A logic "1" BD indicates a signal has been 
detected and is being validated. SO precedes STROBE 
and data outputs. 

Crystal connections. When an auxiliary clock is used, XIN 
should be tied to logic "1." See Figure 4. 

Time base control. When OSC/ClK is at logic "1," the 
output of the SSI 75T957's internal oscillator is selected as 
the time base. When OSC/ClK is at logic "0" and XIN is at 
logic "1," the AUXClK input is selected as the time base. 

Auxiliary clock input. When OSC/ClK is at logic "0" and 
XIN is at logic "1 ," the AUXClK input is selected as the SSI 
75T957's time base. The auxiliary input must be 3.58 MHz 
divided by 8 forthe SSI75T957to operate to specifications. 
If unused, AUXClK should be left open. 

Negative analog and digital power supply connections. 
Separated on the chip for greater system flexibility, VNA 
and VND should be at equal potential. 

Positive power supply connection. 

Not connected. These pins have no internal connection 
and may be left floating. 
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551 75T957/957 A 
DTMF Receiver with 
Dial Tone Reject Filter 

SSI75T957/957A TIMING (-40°C ~ TA ~ +85°C; 4.5V ~ VP ~ 13.2V. Refer to Figure 1.) 

PARAMETER CONDITIONS MIN NOM MAX 

tON Tone Time for detection 40 - -
for rejection - - 20 

tOFF Pause Time for detection 40 - -
for rejection - - 20 

to Detect Time 25 - 46 

tR Release Time 35 - 50 
tsu Data Setup Time 7 - -
tH Data Hold Time 4.2 - 5.0 

tel Strobe Clear Time - 160 250 
tpw Clear Pulse Width 200 - -
tao BD Detect Time 7 - 22 

tSR BD Release Time 2 - 18 

Output Enable Time CL = 50pF, RL = 1 k.Q - 200 300 
Output Disable Time CL = 35pF, RL = soon - 150 200 

Output Rise Time CL =50pF - 200 300 
Output Fall Time CL =50pF - 160 250 

SIGNAL IN 

j4-">n~'oJr~i--_-" 
~ I SIGNALI2 I------i~f------

BD 

oe 

ClEAR 

STROBE 

tsu ~ 'II --+t --+t j4-tcL 

I'--_---'n'---__ 

FIGURE 1: Timing Diagram 
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ms 

ms 

ms 

ms 

ms 

ms 

J.LS 
ms 

ns 

ns 

ms 

ms 

ns 
ns 

ns 

ns 
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TABLE 1: DTMF TO BINARY DECODING 

LOW- HIGH-
FREQUENCY FREQUENCY 

DIGIT COMPONENT COMPONENT 
(Hz) (Hz) 

1 697 1209 

2 697 1336 

3 697 1477 

4 770 1209 

5 770 1336 

6 770 1477 

7 852 1209 

8 852 1336 

9 852 1477 

0 941 1336 
• 941 1209 

# 941 1477 

A 697 1633 

B 770 1633 

C 852 1633 

D 941 1633 

SSI 75T957/957 A 
DTMF Receiver with 

Dial Tone Reject Filter 

HEX 
BINARl 
CODE 

OUTPUT 2-0F-8 
OUTPUT 

D3D2 D1 DO D3 D2 D1 DO 

0001 0000 

0010 0001 

0011 0010 

0100 0100 

0101 0101 

0110 0110 

0111 1000 

1000 1001 

1001 1010 

1010 1101 

1011 1100 

1100 1110 

1101 0011 

1110 0111 

1111 1011 

0000 1111 

Note: The SSI 75T957 detects signals A through D when the 12116 input is at logic "0." 

0790- rev. 
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SS175T957 

>-___<1_-1 SIG IN 

VP 

VNA 

FIGURE 2: Telephone LIne DIfferential 
Input Interface 
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I 
I 
I 
I 
I 

VIN>VP I 
I 
I 
I 

0.01f'1' I -
Signal In >--i t--8-i 

I 9-
I 
I 
I 
I 
I 
I 
I 

VP 

10pF 

H 

VNA 

NOTE: Coupling capacitor needn~ be used 
when VIN is less than VP. 

FIGURE 3: Input Signal 
Configuration 



SSI75T957/957A 
DTMF Receiver with 
Dial Tone Reject Filter 

ABSOLUTE MAXIMUM RATINGS 
(Operation above absolute maximum ratings may permanently damage the device.) 

PARAMETER 

DC Supply VoHage - VP 

Input VoHage 

SIGNAL IN VoHage 

Storage Temperature 

Operating Temperature 
Lead Temperature 

Power Dissipation 

ELECTRICAL CHARACTERISTICS 
(-40°C:S TA:S +85°C) 

PARAMETER 

SIGNAL IN Input Requirements 

Signal Level (per tone) 

(See Note 1) 

Signal Frequency Deviation 
with Detection 

Signal Frequency Deviation 
without Detection 

Twist 

Gaussian Noise 

Dial Tone Level (per tone) 

CONDITIONS 

VND=VNA=OV 

All inputs except SIGNAL IN 

Soldering, 5 sec. 

CONDITIONS 

VP=12V A=O,B=O 

A=1, B=O 

A=O, B=1 

A=1, B=1 
Vp=5V A=O,B=O 

A=1,B=0 

A=O, B=1 

A=1, B=1 

See Note 2 -

See Note 3 -
F:S 480 Hz; see Note 4 

Digital Input Requirements (See Note 5) 

Logic 0 VoHage VP=12V 0 

Vp=5V 0 

Logic 1 VoHage Vp=12V 8.4 
Vp=5V 3.5 

4-54 

MIN 

-24 

-27 

-30 

-
-32 

-35 

-38 

-
±(1.5%+2) 

±3.5% 

-
12 

-

-
-
-
-

RATING 

16.0V 

(VP + 0.5V) to (VND - 0.5V) 

(VP + 0.5V) to (VP - 22V) 

-65° to 150°C 

-40° to 85°C 

260°C 
1W 

NOM MAX UNITS 

- +6 dBm 

- +3 dBm 

- 0 dBm 

-32 - dBm 

- -2 dBm 

- -5 dBm 

- -8 dBm 
-40 - dBm 

±2.5% Hz 

±3.0% - Hz 

±10 dB 
A-7 dB 

- A+22 dB 

3.6 V 

1.5 V 
12.0 V 

5.0 V 
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SSI 75T957/957 A 
DTMF Receiver with 

Dial Tone Reject Filter 

ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Digital Output Characteristics (See Note 5) 

logic 0 Voltage VP=12V, 10 = 1.0mA 0 - 1.2 V 
Vp=5V, 10 = O.4mA 0 - 0.5 V 

logic 1 Voltage Vp=12V, 10 = -0.5mA 10.8 - 12.0 V 
Vp=5V, 10 == -0.2mA 4.5 - 5.0 V 

Three-State leakage - - 10.0 ~ 

Miscellaneous Characteristics 

CMOS latch-up Voltage See Note 7 20 - - V 

SIGNAL IN Input Impedance F==1 kHzll15pF 100k - - n 

Power Requirements 

Supply Current VP==12V - 20 40 rnA 
Vp=5V - 9 18 rnA 

Power Dissipation Vp==12V, see Note 6 - 204 480 mW 

(outputs open) Vp=5V, see Note 6 - 30 90 mW 

Power Supply Wide Band NOise A=O, B==O 
Vp=12V - - 25 mVpp 

VP==5V - - 10 mVpp 

Notes: 
1. With an ambient temperature of 25°C, the signal duration and signal interval are at minimum, and the 

signal frequency deviation and twist are at maximum. The unit "dBm" refers to decibels above or below 
a reference power of one milliwatt into a 600-ohm load. (For example, -24dBm equals 49mVrms.) 

2. Twist is defined as the ratio of the level of the high-frequency DTMF component to the level of the low-
frequency DTMF component. 

3. With an ambient temperature of 25°C, the signal level is at A+5, the signal frequency deviation and twist 
are at 0, and the signal applied is 50ms off and 50ms on. The A level is the minimum detect level selected. 

4. The signal duration and signal interval are at minimum, and the signal frequency deviation and twist are 
at maximum. The A level is the minimum detect level selected. 

5. logic levels shown are referenced to VND. 
6. For an ambient temperature of 25°C. 
7. Power supply excursions above this value can cause device damage. 
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SSI 75T957/957 A 
DTMF Receiver with 
Dial Tone Reject Filter 

RECEIVER 
1 AUDIO 

RECEIVER 
2 AUDIO 

RECEIVER 
3 AUDIO 

3.58MHz 

~ 
DO 

5- $/GIN 01 
DO 
D3 

III 
7!mI57 

OE 
smOBE 

oscICI:R 

AUXCLK 

r---1 
AUXCLK DO 

5- SlGIN 01 
DO 
D3 

III 
7!mI57 

DE 

STROBE 

oscICI:R 

'----l 
AUXCLK DO 

5- SlGIN 01 
DO 

D3 ... 
7!mI57 

OE 

STROBE 

oscICI:R 

PI. 
Pll 
Pl2 
Pl3 

r--
vo 
VI 
Y2 

----5VP 

• • 
2·T~ 

MICROCOMPUTER 

DECODER 
(Z8, 80.,. R65OO/11. ETC) 

r--- P20 
P21 

• • 
DO 
01 Vr-- PI. 
DO 

----5VND 

HO-l'--
MUX 

NOTE: ALL IC'S POWERED FROM 5VOO 

----5VND 

FIGURE 4: Multiple Receiver/Microprocessor Interface 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 75T95722-pin Plastic DIP, 5V-only SSI 75T957-IP 75T957-IP 

SSI 75T957 24-pin SOL, 5V-only SSI 75T957-IL 75T957-IL 

SSI75T957A 22-pin Plastic DIP, 5-12Voperation SS175T957A-IP 75T957A-IP 

SSI75T957A 24-pin SOL, 5-12Voperation SSI 75T957 A-IL 75T957A-IL 

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 grented under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data 
sheet is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1989 Silicon Systems, Inc. 4-56 0790- rev. 



Application Guide 
Monolithic Dual-Tone 

Multi-Frequency (DTMF) 
Receivers 

BANDPASS 
FILTER 

BANKS 

PEAK TO PEAK 
DETEcrORS 

BANDSPLIT 
FILTERS 

ZERO CROSSING 
DETEcrORS 

INTRODUCTION 

FRONT 
END 

The Silicon Systems integrated DTMF Receivers and 
Transceivers are complete Touch-ToneN detection and 
generation systems. Each can operate in a stand-alone 
mode for the majority of telecommunications applica
tions, thereby providing the most economical implemen
tation of DTMF signaling systems possible. Each com
bines precision active filters and analog circuits with 
digital control logic on a monolithic CMOS integrated 
circuit. S51 DTMF chip use is straightforward and the 
external component requirements are minimal. This 
application guide describes device operation, perform
ance, system requirements and typical application cir
cuits for the SSI DTMF chips. 

HOW THE SILICON SYSTEMS DTMF 
CIRCUITS WORK 

GENERAL DESCRIPTION OF OPERATION 

The task of a DTM F Receiver is to detect the presence of 
a valid DTM F signal on a telephone line orothertransmis
sion medium. The presence of a valid DTMF signal 
indicates a Single dialed digit; to generate a valid digit 
sequence, each DTMF Signal must be separated by a 
valid pause. 

Table 1 gives the established Bell system standards for 
a valid DTMF signal and a valid pause. The SSI DTMF 
Receivers meet or exceed these standards. 
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PARAMETER VALUE 

One Low-Group Tone, and 697,770,852 or 941 Hz 

One High-Group Tone 1209, 1336, 1477 or 1633 Hz 

Frequency Tolerance fo ± (1.5% + 2 Hz) 

Amplitude Range -24 dB ~ A ~ 6 dBm @ 600n (Dynamic Range 30 dB) 

Relative Amplitude (Twist) 
-8dB ~ High Group Tone ~ +4dB 

LoN Group Tone 

Duration 40 ms or longer 

Inter-tone Pauses 40 ms or longer 

Table 1: Bell System Standards 

GENERAL DESCRIPTION (Continued) 

Similar device architecture is used in all SSI DTMF 
Receivers. Figure 1 shows the SSI 75T202 Block Dia
gram. This architecture is implemented in all Silicon 
Systems single chip receivers, as well as SSi Transceiv
ers. In general terms, the detection scheme is as follows: 

group. The output.of each band-split filter is amplified 
and limited by a zero-crossing detector. The limited 
Signals, in the form of square waves, are passed through 
tone frequency bandpass filters. Digital logic is then used 
to provide detector sampling and determine detection 
validity, to present the digital output data in the correct 
format, and to provide device timing and control. 

The input signal is pre-filtered and then split into two 
bands, each of which contains only one DTMF tone 

,MIl 

..... 00 
H 

CHIP CLOCKS 

TNING 1------6 ED (~~) 
CIRCUrrRY 

.-----6 a.ADV 

OV 

.-------1-----0 HE-' 

0' 

D2 

DC 

DO 

EN 

~----------o-~~-----------~------~ 
Vp GND H'633 

Figure 1: SSI 75T202 Block Diagram 
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PERFORMANCE CONSTRAINTS 

SPEECH IMMUNITY AND NOISE TOLERANCE 

The two largest problems confronting a DTMF Receiver 
are: 

1) Distinguishing between valid DTMF tone pairs and 
other speech or stray signals that contain DTMF 
tone pairfrequencies. This is referred to as Speech 
Immunity. 

2) Detecting valid tone pairs in the presence of noise, 
which is typically found in the telephone (or other 
transmission medium) environment. This is re
ferred to as Noise Tolerance. 

The SSI DTMF Receivers use several techniques to 
distinguish between valid tone pairs and other stray 
signals. These techniques are explained in later sec
tions. Briefly, the techniques are: 

1) Pre-filtering of audio signal. Removes supply 
noise and dial tone from input audio signal and 
emphasizes the voice frequency domain. 

2) Zero-cross detection. Limits the acceptable level 
of noise during detection of a tone pair. Important 
for speech rejection. 

3) Valid tone pair/pause sampling. Samples the 
detection filters and checks for consistency before 

DETAILED DESCRIPTION OF OPERATION 

AUDIO PREPROCESSOR 

The Audio Preprocessor is an analog filter that band 
limits the input analog signal between 500 Hz and 6 kHz. 
In addition, it emphasizes the 2 kHz to 6 kHz voice region. 

Band limiting suppresses power supply and dial tone 
frequencies, and high frequency noise. The emphasized 
voice region helps to equalize the audio response since 
many phone lines tend to roll off at about 1 kHz. In 
addition, preservation of the upper voice frequencies is 
important in providing speech immunity. 

TONE BAND SPLITTING 

After the analog signal is preprocessed, it is then split into 
two bands, each of which contains only one DTMF tone 
group. The band-split filters are actually band-stop filters 
to maintain all frequencies except the other tone group; 
this is done to maintain all analog information to enhance 

0789 4-59 

speech immunity but not allow the other tone group to act 
as interfering noise for the band being detected. These 
band-stop filters have ''floors'' that limit the amount of 
tone pair twist which further enhances speech immunity. 
See device data sheets for acceptable twist limits. 

ZERO-CROSSING DETECTORS 

The output of each band-split filter is amplified and limited 
by a zero-crossing detector (limiter). The function of the 
zero-crossing detector is to produce a square wave at the 
prime frequency emanating from the band-split filter. If a 
pure tone is not present, as in the case of voice or other 
interfering noise, a rectangular wave with a variable 
period will result. Proportional to the interference, the 
limiter output power is spread over a broad frequency 
range as the zero crossings "dither." When a high level 
of noise or speech occurs, no single bandpass filter pair 
will contain significant power long enough to result in a 
tone detection. On the other hand, when a pure DTMF 
tone exists with acceptable noise levies, the output of the 
limiter will not have any significant dither and tone detec
tion will occur. The zero-crossing detector also acts as 
AGC (Automatic Gain Control) in that the output ampli
tude is independent of input amplitude; this additionally 
establishes an acceptable signal-to-noise ratio not de
pendent on tone amplitude. 

BANDPASS FILTERS & AMPLITUDE DETECTORS 

The bandpass filters perform tone frequency discrimina
tion. Their responses are tailored so that if the frequency 
of the limited square wave from the zero-crossing detec
tor is within the tone frequency tolerance, the fitler output 
will exceed the amplitude detector threshold. The ampli
tude detectors are interrogated periodically by the digital 
control circuitry to acertain the presence of only one tone 
in each band for the required duration. In a similar 
fashion, valid pauses are measured by the absence of 
valid tone pairs for the specified time. 

TIMING AND LOGIC 

During the qualification process, the output decoder 
gererates the proper digital code for the received DTMF 
tone pair. Afterthe fidelity and duration ofthis signal have 
been verified, the timing circuitry latches this code into 
the output register and raises the data valid (DV) flag. 

The only precision external element needed for the SSI 
DTMF Receivers is a 3.58 MHz parallel resonant crystal 
(color-burst frequency) with a .01 % tolerance for the on
board oscillator. A 1 Mil 10% resistor should be con
nected in parallel with the crystal. This generates the 
precise clock for the filters and for the logic timing and 
control of the Chip. 
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OPEN COLLECTOR INTERFACE 

-v 

CASCADE INTERFACE FOR OPERATION 
WITH NEGATIVE SUPPLIES 

Figure 2: Interface Circuits for Conversion from TTL Output Levels to 12V SSI DTMF Input Levels 

CIRCUIT IMPLEMENTATION 

Standard CMOS technology is used for the entire circuit. 
Logic functions use standard low-power circuitry while 
the analog circuits use precision switched-capacitor
filter technology. 

HOW TO USE THE SSI DTMF RECEIVERS 

PRECAUTIONS 

Although static protection devices are provided on the 
high-impedance inputs, normal handling precautions 
observed for CMOS devices should be used. 

All CMOS parts are prone to a destructive latch-up mode. 
This behavior is inherent to these parts due to their 
physical structure. The latch-up mode can best be 
described as a low impedance, high current state existing 
between the power supply connections on.a CMOS Chip. 
This is also referred to as triggering of parasitic SCR 
behavior. 

The most common cause of a latch-up mode is operating 
a CMOS part outside its rated power supply voltage. This 
over-voltage need not be applied at power supply pins 
only to cause latch-up. Latch-up can occur when over
voltage is applied at anyinputoroutput. FortheSSI DTMF 
Receivers & Transceivers, the pin voltages should be 
constrained to the range between VN - 0.5V and VP + 
0.5V (except the analog input pin whose conditions are 
discussed below). Clamping diodes should be utilized 
wherever necessary to ensure that voltage ratings are 
not exceeded. 

Another cause for latch-up is fast dv/dt transients affect
ing the Chip. These transients are encountered in appli
cations that require the connectiOn/disconnection of "live" 
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boards. While these applications are very rare and their 
implementation is best avoided, it must be mentioned 
that whenever they are necessary, they present a severe 
environment for CMOS parts. Care must be taken in 
such instances to ensure that grou nd planes and rails are 
connected first and disconected last. This will go a long 
way in eliminating voltage transients. 

Voltage transients that exist on power lines must also be 
eliminated. High voltage transients caused by switching 
of high current devices can trigger latch-up. High fre
quency decoupling is a requirementforthe proper opera
tion of the SSI DTMF devices. A O.Q1~F to a 0.1~F 
ceramic decoupling capacitor should be connected to the 
power supply pin at the Chip. 

POWER SUPPLY 

Excessive power supply noise should be avoided, and to 
aid the user in this regard, power supply hook-up options 
are provided on some devices. 

Since the digital circuitry of the devices possess the high 
noise immunity characteristics of CMOS logiC, it is the 
analog section that is affected most by power supply 
noise. On those SSI DTM F Receivers that have separate 
Analog Negative and Digital Negative supply connec
tions (grounds), namely VNA and VND, an unfiltered 
supply may be used at VND. It is necessary that VND and 
VNA differ no more than 0.5V. 

The analog circuitry of the devices require low power 
supply noise levels as specified on the device data sheet. 
The effects of excessive power supply noise are de
creased tone amplitude sensitivity and less tone detec
tion frequency bandwidth. Power supply noise can be 
significantly reduced by decoupling the chip with a 0.1 ~F 
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vp 

VIN<VP 

:e: 
>- .s::; 

~ ---JJ 
c: 

Analog In Q. 

GND 

Figure 3: Direct and AC Coupled Configurations 

ceramic capacitor. Power supply noise effects will be 
slightly less if the analog input is referenced to VP. This 
is normally accomplished by connecting VP to ground 
and utilizing a negative power supply. 

DIGITAL INPUTS 

The digital inputs are directly compatible with standard 
CMOS logic devices powered by VP and VN (or VND). 
The input logic levels should swing within 30% of VP or 
VN to insure detection. Any unused input must be tied to 
VN or VP. Figure 2 shows methods for interfacing TTL 
outputs to 12V SSI DTMF Receivers. 

ANALOG INPUT 

The analog input is the signal input pin for the devices, 
and is specially biased to facilitate its connection to 
external circuitry, as shown in Figure 3. The signal level 
at the analog input pin must not exceed the positive 
supply as stated on the device data sheets. If this 
condition cannot be guaranteed by the external circuitry, 
the signal must be AC coupled into the chip with a .0111F 
± 20% capacitor. 

ANALOG INPUT NOISE 

The SSI DTMF Receivers will tolerate wide-band input 
noise of up to 12 dB below the lowest amplitude tone 
component during detection of a valid tone pair. Any 
single interference frequency (including tone harmonics) 
between 1 kHz and 6 kHz should be at least 20 dB below 
the lowest amplitude tone component. Adherence to 
these conditions will ensure reliable detection and full 
tone detection frequency bandwidth. Because of the 
intemal band limiting, noise with frequencies above 8 kHz 
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vp 

VIN> VP 

.OlIlF 
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c: 

Analog In Q. 
-+---11--

GND 

can remain unfiltered. However, noise near the 56 kHz 
internal switched-capacitor-filter sampling frequency will 
be aliased (folded back) into the audio spectrum; noise 
above 28 kHz therefore should be low-pass fiHered with 
a circuit as shown in Figure 4 using a cut-off frequency 
(/c) of 6.6 kHz. 

A 1 kHz cut-off frequency filter can be used on "normal" 
phone lines for special applications. When a phone line 
is particularly noisy, tone pair detection may be unreli
able. A 1 kHz low pass filter will remove much ofthe noise 
energy but maintain the tone groups; however, a de
creased speech immunity will result. This usage should 
only be considered for applications where speech im
munity is not important, such as control paths that 
carry no speech. 

Some DTMF tone pair generators output distorted tones 
which the SSI DTMF Receivers may not detect reliably 
(inexpensive extension telephones are an example). 
Most of the interfering harmonics of these may be re
moved by the use of a 3 kHz low-pass filter as in Figure 4. 
Some speech immunity degradation will resuH. It should 
be mentioned that when using low-pass filters, a higher 
cut-off frequency will preserve more of the speech immu
nity advantages. 

The SSI DTMF Receivers provide superior speech im
munity and noise rejection. The analog signals are 
subjected to stringent criteria and rigorous qualification in 
order to assure that only true DTMF tone pairs are 
detected and decoded properly. Stray signal and noise 
with sufficient amplitude will cause a DTMF receiver to 
disqualify a DTMF tone pair. 
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NOISY 
SIGNAL 

I 

Figure 4: Filter for Use In Noisy Environments 

ANALOG INPUT NOISE (Continued) 

Such a condition can be occasionally encountered when 
using DTMF "beepers." Beepers are normally used to 
transmit DTMF signals from dial-pulse phones. It has 
been observed that the non-linearity in the response of 
carbon microphones in telephone handsets introduces 
intermodulation products, which actually produce new 
frequency components. These components happen to 
fall direclty into the useful bandwidths of some of the 
basic tones that the receiver must detect. Because of the 
presence of these components (normally referred to as 
third-tone) with a valid DTMF tone, detection is disabled. 
To inhibitthe more common higher frequency third tones 
from arriving to the receiver, the circuit shown in Figure 5 
is suggested. 

TELEPHONE LINE INTERFACE 

In applications that use an SSI DTMF Receiverto decode 
DTMF signals from a phone line, a DAA (Direct Access 

51K 

VCC 

DTMF 
RCVR 

FC R C 
(kHZ) (kil) (~F) 

(±5%) (±20%) 

1.0 1.6 0.1 

3.1 5.1 .01 

6.6 2.4 .01 

SUGGESTED 
COMPONENT VALUES 

Arrangement) must be implemented. Equipment in
tended for connection to the public telephone network 
must comply with and be registered in accordance to 
FCC part 68. For PBX applications refer to EIA Standard 
RS-464. 
Some of the basic guidelines are: 

1) Maximum voltage and current ratings of the 
SSI DTMF Receivers must not be exceeded; this 
calls for protection from ringing voltage, if appli
cable, which ranges from 80 to 120V RMS over a 
20 to 80 Hz frequency range. 

2) The interface equipment must not breakdown with 
high-voltage transient tests (including a 2500V 
peak surge) as defined in the applicable docu
ment. 

3) Phone line termination must be less than 200n DC 
and approximately 600n AC (200-3200 Hz). 

ANALOG IN SSI 

O.0082I1F I· 

DTMF 
RCVR 

Figure 5: Filter for Use In Environments where a Third Tone Exists 
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4) Termination must be capable of sustaining phone 
line lop current (off-hook condition) which is typi
cally 18 to 120 rnA DC. 

5) The phone line termination must be electrically 
balanced with respect to ground. 

6) Public phone line termination equipment must be 
registered in accordance to FCC Part 68 or con
nected through registered protection circuitry. 
Registration typically takes about six months. 

Ready made DAA devices are also available. One 
source is Cermetek Microelectronics, Sunnyvale, Cali
fornia. 

Figure 6 shows a simplified phone line interface using a 
600n 1:1 line transformer. Transformers specially de
Signed for phone line coupling are available from many 
transformer manufacturers. 
Figure 7 shows a more enhanced version of Figure 6. 
These added features include: 

1) A 150V surge protector to eliminate high voltage 
spikes. 

2) A Texas Instruments TCM 1520A ring detector, 
optically isolated from the supervisory circuitry. 

3) Back-to-back Zener diodes to protect the DTM F 
(and optional multiplexer Op-Amp) from ringer 
voltage. 

TIP] 

RING 
1 :1 

600n 

_---I ANALOG 
INPUT 

SSIOTMF 
RECEIVER 

Figure 6: Simplified Phone Line Interface 

4) Audio multiplexer which allows voice or other 
audio to be placed on the line (a recorded mes
sage, for example) and not interfere with incom
ing DTMF tone detection. 

An integrated voice circuit may also be implemented for 
line coupling, such asthe Texas InstrumentsTCM 1705A, 
however, this approach is typically more expensive than 
using a transformer as shown below. 

OUTPUTS 

The digital outputs of the SSI DTMF Receivers (except 
XOUT) swing between VP and VN (or VND) and are fully 
compatible with standard CMOS logic devices powered 

22k.n 

TIP o--..----..--------of-<l--....... 

22 kI1 

~150V 

. 47"". 
200V 

,.-----,6 

TCM~52OA +10"" 
RING SOV 

DETECTOR 7 

ISOLATED OUTPUT 

RING o---I---~-----------.J 

Figure 7: Full Featured Phone Line Interface 

4-63 

ANALOG 
INPUT 

SSIDTMF 
RECEIVER 

DTMF Receiver Application Guide 



vp 

12 VOLT 
SSIDTMF 

5V 

Figure 8: SSI12V DTMF to TTL Level Interface 

from VP and VN. The 5V OTMF devices will also 
interface directly to lSTTL. The 12V DTMF devices can 
interface to TIL or low voltage MOS with the circuit in 
Figure 8. 

Data Outputs 08, 04, 02 and 01 are three-state enabled 
to facilitate interface to a three-state bus. Figure 9 shows 
the equivalent circuit for the data outputs in the high 
impedance state. Care must be taken to prevent either 
substrate diode in Figure 9 from becoming forward bi
ased or damage may result. 

TIMING 

Within 40 ms of a valid tone pair appearing at the OTMF 
Receiver Analog Input, the Data Outputs 08, 04, 02 and 
01 will become valid. SSI 75T201 timing and specifica
tions are shown in Figure 10 and Table 2 respectively 
(refer to the device data sheet for other timing diagrams). 
Seven microseconds after the data outputs have be
come valid OV will be raised. OV will remain high and the 
outputs valid while the valid tone pair remains present. 
Within 40 ms after the tone pair stops, the OTMF will 
recognize a valid pause. OVis lowered approximately 45 
ms following the end of the tone pair, and the data outputs 
all set to zero 4.56 ms following Ov going low. OV will 
strobe at least for the same duration as the received tone 
pair. 

SYSTEM INTERFACE 

Provision has been made onthe SSI OTMF Receivers for 
handshake interface with an outside monitoring system. 
In this mode, the DV strobe is polled by the monitoring 
system at least once every 40 ms to determine whether 
a new valid tone pair has been detected. If OV is high, the 
coded data is stored in the monitoring system and the 
ClRDV is pulsed high. With some systems operating in 
the handshake mode, it may be desirable to know when 
a valid pause has occurred. Ordinarily this would be 
indicated by the falling edge of DV. However, in the 
handshake mode, DV is cleared by the monitoring sys-
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vp 

SSl75T201 
OUTPUT PIN 

Figure 9: Equivalent Circuit of SSI DTMF Receiver 
Data Output In High Impedance State 

tem each time a new valid tone pair is detected and, 
therefore, cannot be used to determine when a valid 
pause is detected. The detection of a valid pause in this 
case may be observed by detecting the clearing of the 
Data Outputs. Since, in hexadecimal format (the mode 
normally used with a handshake interface), the all zero 
state represents a commonly unused tone pair (D), the 
detection of a valid pause may be detected by connecting 
a four-input NOR gate to the device outputs and sensing 
the all zero state. 

TIME BASE 

The SSI OTMF Receivers contain an on-chip oscillator 
for a 3.5795 MHz parallel resonant quartz crystal or 
ceramic resonator. The crystal (or resonator) is placed 
between XIN and XOUT in parallel with a 1 Mil resistor, 
while XEN is tied high. Since the switched-capacitor
f!Her time base is derived from the OSCillator, the tone 
detect band frequency tolerance is proportional to the 
time base tolerance. The SSI DTMF Receiverfrequency 
response and timing is guaranteed with a time base 
accuracy of at least± 0.01%. To obtain this accuracy the 
CTS Part No. MP036 or Workman Part No. CY1-C or 
equivalent quartz crystal is recommended. In less critical 
applications a suitable ceramic resonator may be imple
mented. 

The use of a ceramic resonator requires the addition of 
two 30 pF± 1 0% capacitors; one between XIN andVN (or 
VND) and the other between XOUT and VN (or VND). 
Extra caution should be used to avoid stray capacitance 
on the resonant circuit when using a ceramic resonator 
instead of a quartz crystal. 

When the oscillator is connected as above and XEN is 
tied high, the ATB (Alternate Time Base) pin delivers a 
square wave output at one-eighth the oscillator fre
quency (447.443 kHz nominal). The ATB pin can be 
converted to a time base input by tying XEN low; ATB can 
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Figure 10: SSI75T201 Timing Diagram 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

tv Tone Detection Time 20 25 40 ms 

tslh Data Overlap of DV CLRDV = VND, EN = VP 7 ~ 
Rising Edge 

tp Pause Detection Time 25 32 40 ms 

tdv Time between end of 40 45 50 ms 
Tone and Fall of DV 

tshl Data overlap of DV 4 4.56 4.8 ms 
Falling Edge 

tphl Prop. Delay: Rise of CI = 300 pF 1 ~s 
CLRDV to fall of DV Measured at 50% points 

Output Enable Time CI = 300 pF, RI = 10K 1 ~ 
See Note 1 

Output Disable Time CI = 300 pF, RI = 1 K 1 ~ 
!:N = 1V, See Note 2 

Output 10-90% CI =300 pF 1 ~ 
Transition Time 

Note 1: Measured from 50% point of Rising Edge of EN to the 50% point of the data output with RI to opposite 
rail. 

Note 2: Measured from 50% point of Falling Edge of EN to time at which output has changed 1V with RI to 
opposite rail. 

Table 2: SSI 75T201 Timing Specifications (-40°C ~ TA ~ +85°C, VP - VND = VP - VNA = 12V ± 10%) 

then be externally driven from another device such as the 
ATB output of another DTMF. No crystal is required for 
the ATB input device; XIN must be tied high if unused. 
Several SSI DTMF Receivers can be driven with a single 
crystal (refer to device data sheet for fan-out limit). 

XOUT is designed to drive a resonant circuit only and is 
not intended to drive additional devices. If a 3.58 MHz 

0789 4-65 

clock is needed for more than one device and it is 
desirable to use only one resonant device, an outside 
inverter should be used for the time base, buffered by a 
second inverter or buffer. The buffer output would then 
drive XIN of the SSI DTMF Receiver as well as the other 
device(s); XOUT must be left floating and XEN tied high. 
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Vp 

l2.1K 

PHONE LINE 

soon l2.1K 

Vp OR VN 

59K 

CIRCUIT IMPLEMENTATION 
(SINGLE SUPPLY) 

TO SSIDTMF 
~-...JVIV\r--"""-J\I\J'\r-"""-" ANALOG IN PIN 

SO.4K lOOK 

Note: All resistors 1%, all caps 5%, unless noted, op-amps: 1/2 LM1458 or equivalent 

Figure 11: Dial Tone Reject Filter 

DIAL TONE REJECTION 

The SSI DTMF Receivers incorporate enough dial tone 
rejection circuitry to provide dial tone tolerance of up to 0 
dB. The SSI75T957 Receiver has on-board circuitry that 
provides 22 dB dial tone tolerance. Dial tone tolerance is 
defined as the total power of precise dial tone (350 Hz 
and 440 Hz as equal amplitudes) relative to the lowest 
amplitude tone in a valid tone pair. The filter of Figure 11 
may be used for further dial tone rejection. This filter 
exhibits an elliptic highpass response that provides a 
minimum of 18 dB rejection at 350 Hz, and 24 dB 
rejection at 440 Hz so long as the component tolerances 
indicated are observed. The DTMF on-chip filter rejects 
350 Hz at least 6 dB more than 440 Hz. Therefore, 
employing the fiHer of Figure 11 yields a dial tone toler
ance of +24 dB. 

PRINTED CIRCUIT BOARD IMPLEMENTATION 

The SSI DTMF Receivers are analog in nature and 
should be treated as such; circuit noise should be kept to 
a minimum. To be certain ofthis, all input and output lines 
should be kept away from noise sources (high frequency 
data or clock lines); this is especially true for the Analog 
Input. Noise in the ground or power supply lines can be 
avoided by running separate traces to supportive logic 
circuits or by running thicker (lower resistance) busses. 
Capacitance power supply bypassing should be per
formed at the device. Refer to the Power Supply section 
above. 
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PERFORMANCE DATA 

A portion of the final SSI DTMF Receiver device charac
terization uses the Mitel CM7290 tone receiver test tape. 
The evaluation circuit shown in Figure 12 was used to 
characterize the SSI 75T201. The speed and output 
level of the tape deck must be adjusted so that the 
calibration tone at the beginning of the tape is at exactly 
1000 Hz and 2V rms. 

The Mitel tape tests ·yield similar resuHs on all of the 
SSI DTMF Receivers. Test resuHs for the SSI 75T201 
are summarized in Table 3. In short, the measured 
performance data demonstrates that the SSI DTMF 
Receivers are monolithic realizations of a full "central 
office quality" DTMF Receiver. 
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Figure 12: Circuit for Receiver Evaluation 

TEST # RESULTS 

2a,b B.W. = 5.0% of fo 

2c,d B.W. = 5.0% of fo 

2e, f B.w. = 5.3% of fo 

2g, h B.w. = 4.9% of fo 

2i,j B.W. = 5.0% of fo 

2k, I B.W. = 5.3% of fo 

2m,n B.w. = 5.3% of fo 

20,p B.w. = 4.8% of fo 

3 160 decodes 

4 Acceptable Amplitude Ratio (Twist) = -19.1 dB to +15.2 dB 

5 Dynamic Range = 32.5 dB 

6 Guard Time = 23.3 ms 

7 100% Successful Decodes at N/S Ratio of -12 dBV 

8 2-3 Hits Typical on Talk-Off Test 

Table 3: Mltel #CM7290 Tape Test Results for SSI 75T201 (Averaged for 10 parts) 
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APPLICATIONS 
CREATING HEXADECIMAL "0" OUTPUT UPON 
DIGIT "0" DETECTION 

To beconsistentwfth pulse-dialing systems, the 881 OTMF 
Receivers provide a hexadecimal "10" output upon the 
detection of a digft "0" tone pair when in the hexadecimal 
code format. However, some applications may instead 
require a hexadecimal "0" wfth a digit "0" detection. The 
circuit of Figure 13 shows an easy method to recode the 
hexadecimal outputs to do this using only 4 NOR gates. 

Note that this circuit will not give proper code for the" • ", 
"B", or "C" digits and will cause both digits "0" and "0" to 
output hexadecimal "0. " This circuit should therefore be 
considered for numeric digits only. The output code 
format is shown in Table 4. 

This circuit is usefulfor applications that require a display 
of dialed digits; the digit display usually requires a hexa
decimal "0" input for a "0" to be displayed. 

16-CHANNEL REMOTE CONTROL 

DTMF signaling provides a simple, reliable means of 
transmitting information over a 2-wire twisted pair. The 
complete schematic of a 16-channel remote control is 
shown in Figure 14. When one of the key pad buttons is 

Hexadecimal & Fig. 12 Circuit 
Digit 08 D4 D2 D1 

1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
0 1 0 1 0 . 1 0 1 1 
# 1 1 0 0 
A 1 1 0 1 
B 1 1 1 0 
C 1 1 1 1 
0 0 0 0 0 

Table 4: Output Code of Figure 13 
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De 

De 

D4 D4 

SSI 
OTMF 

RECEIVER D2 

D2 

011-------------001 
EACH NOR GATE 114 OF 4001 

Figure 13: Hex "0" Out with Digit "0" Detect 
Conversion Circuit 

depressed, a tone pair is sent over the transmission 
medium to the 881 OTMF Receiver. 

The 4514 raises one of its 16 outputs in response to the 
4-bit output code from the OTMF. The output althe 4514 
will remain high until the next button is depressed. 

Hexadecimal 
Digit D8 D4 02 D1 

1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
0 0 0 0 0 . 0 0 0 1 
# 1 1 0 0 
A 1 1 0 1 
B 0 1 0 0 
C 0 1 0 1 
0 0 0 0 0 
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Figure 14: 16-Channel Remote Control 

2-0F-8 OUTPUT DECODE 

The circuit shown in Figure 15 can 
be used to convert the binary coded 
2-of-8tothe actual 2-of-8 code (or2-
of-7 H detection of 1633 Hz tone is 
inhibited). The output data will be 
valid while DV is high. If it is desired 
to force the eight outputs to zero 
when a valid tone is not present, DV 
should be inverted and connected to 
both E-NOT inputs of the 4555. 
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Figure 15: Touch-Tone™ to 2-of-8 Output Converter 
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Figure 16: Touch-Tone™ to Rotary Dial Pulse Converter Adding Rotary Dial Pulse Detection Capabilities 

DTMF TO ROTARY DIAL PULSE CONVERTER 

The 2-of-8 output of Figure 15 can be modified to inter
face with a pulse dialer as shown in Figure 16. If a 12V 
DTMF is used the 4049 will translate the 12V outputs to 
the 5V swings required for the MK5099 pulse dialer. 

Figure 17 shows the interface for adding pulse detection 
and counting to a 581 DTMF Receiver. 

The loop detector provides a digital output representing 
the telephone loop circuit "make" and "break" condition 
associated with rotary pulse dialing. For the circuit of 
Figure 17, ground represents a "make" and VP a "break." 
The loop detector feeds dial pulses to IC-1, a binary 

DTMF Receiver Application Guide 4-70 

counter, and to IC-2A, a re-triggerable "one-shot." When 
a dial pulse appears the Q1-NOT output of IC-2A imme
diately goes low, resetting IC-1. The clock input to IC-1 
is delayed by R1-C1 so that reset and count input do not 
overlap. The binary outputs of IC-1 will reflect the pulse 
count and 0.2 seconds after the last pulse the Q1-NOT 
output will go high. C3-R3 differentiate this pulse and 
clock the output latch, IC-3, holding the output pulse until 
the next digit. 

The 0.2 second timeout of IC-2A indicates the end of dial 
pulsing since even a slow (8 pps) dial would input another 
pulse every 0.125 seconds. The binary outputs of IC-1 
are paralleled 'with those of the 581 DTMF Receiver 
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Figure 17: Adding Pulse Detection and Counting to the SSI DTMF Receiver 

circuit through diodes to the inputs of IC-3. A pulldown 
resistor is necessary on each IC-3 input pin. IC-1 must 
be a binary, not BCD, counter. 

With a 4175 for IC-3 the output data is latched until the 
next valid input, whether from a rotary dial or dual tone 
instrument. A unique situation exists, however, when 
going on-hook. The loop detector will output a continu-

ous level of VP which would trigger IC-2A and put a single 
count into IC-1. A high level from the loop detector also 
turns on 01, pulling the clock input of IC-3 to ground_ 
Since the loop detector output will be low at the comple
tion of dialing, all outputs are valid even when the 
telephone is placed on-hook, an important consideration 
if output data is recorded. 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 
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SSI75T980 
Call Progress 
Tone Detector 

July, 1990 

DESCRIPTION FEATURES 

The 551 75T980 Call Progress Tone Detector circuit 
allows automatic equipment to monitor tones in dial 
telephone systems that relate to the routing of calls. 
5uch tones commonly include dial tones, circuits-busy 
tones, station-busy tones, audible ringing tones and 
others. By sensing signals in the range of 305 to 
640 Hz, the 551 75T980 does not require the use of 
precision tones to function. This means that tones 
which vary with location or call destination can be 
detected regardless of their exact frequency. The 551 
75T980 is sensitive to signals from 0 dBm to -40 dBm. 

The low powerCM05 switched capacitor filters used in 
the 551 75T980 derive their accuracy from a 3.58 MHz 
clock, which in turn may be derived from other devices 
in the system being designed. The 551 75T980 is 
available in a plastic 8-pin DIP and 16-pin 50 
packages. 

BLOCK DIAGRAM 

• 

• 
• 

• 

• 
• 
• 

• 

• 

XIN XOUT ENABLE 

0790 - rev. 4-73 

Detects tones throughout the telephone progress 
supervision band (305 to 640 Hz) 

Sensitivity to -40 dBm 

Dynamic range over 40 dB 

40 ms minimum detect (50 ms to output) 

Single supply CMOS (low power) 

Supply range 4.5 to 5.5 VDC 

Uses 3.58 MHz crystal or external clock 

8-pln DIP and 16-pln SO packages 

Second source of Teltone M-9S0 

PIN DIAGRAMS 

XIN 

XOUT 

ENABLE 

DETECT 

8-pln DIP 

CAUTION: Use handling procedures necessary 
IDr a static sensitive component 



SSI75T980 
Call Progress 
Tone Detector 

PIN DESCRIPTION 

NAME 

SIGIN 

DETECT 

ENABLE 

VREF 

XIN, XOUT 

Voo 

Vss 

TYPE 

I 

0 

I 

0 

I 

-
-

OdBm 

SIGNAL 
LEVEL 

-40dBm 

-50dBm 

-
-

DESCRIPTION 

Accepts analog input signal. See "Electrical Characteristics" for voltage 
levels, and ''Timing Characteristics" for timing. 

Call progress detect output. Goes to logic "1" when signal in 305-460 Hz 
band is sensed. See ''Timing Characteristics." 

Application of logic "1" on this pin enables the output; logic "0" disables 
output. 

Supplies voltage at half Voo for voltage reference of on-chip op amps. 

Crystal connections to on-chip oscillator circuit. 

Positive power supply connection 

Negative power supply connection 

..----

MUST DETECT 
REGION 

-
I I 

I I I I 
190Hz 305Hz 640Hz 1025Hz 

FREQUENCY 

FIGURE 1: Detect and Reject Regions 
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ABSOLUTE MAXIMUM RATINGS 

SSI75T980 
Call Progress 
Tone Detector 

(Operation above absolute maximum ratings may permanently damage the device.) 

PARAMETER CONDITIONS RATING 

DC Supply Voltage VOD-VSS 16.0V 

Input Voltage All inputs except SIGNAL IN (Voo + 0.5V) to (Vss - 0.5V) 

SIGNAL IN Voltage (Voo + 0.5V) to (Vss - 22V) 

Storage Temperature -65°C to 150°C 

Operating Temperature O°C to 70°C 

Lead Temperature Soldering,S sec. 260°C 

ELECTRICAL CHARACTERISTICS 
(Ta = 25°C, Voo - Vss = 4.5V to 5.5V, dBm is referenced to 6000) 

PARAMETER CONDITIONS MIN NOM MAX UNITS 

Supply Current Voo-Vss = 5V - 4 10 rnA 

Signal level for detection 305-640 Hz -40 - 0 dBm 

Signal level for rejection 305-640 Hz - - -50 dBm 

f >1025 Hz, f <190 Hz - - 0 dBm 

DETECT output (lout = +1 rnA) Logic 0 - - 0.5 V 

Logic 1 4.5 - - V 

ENABLE, XIN input (Iin=101!A) Logic 0 Vss - Vss+0.2 V 

Logic 1 VOD-0.2 - Voo V 

XIN duty cycle 40 - 60 % 

XIN, XOUT loading - - 10 pF 

VREFoutput Deviation -2 (Voo+Vss)/2 +2 % 

Resistance 3.25 - 6.75 kO 

SIGIN input Maximum voltage VOD-10 - Voo V 

Impedance (500 Hz) 80 - - kO 
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SSI75T980 
Call Progress 
Tone Detector 

TIMING CHARACTERISTICS 
(Ta = 25°C, VDD - Vss = 4.SV to S.SV) 

PARAMETER 

tMD Signal duration for detection 

tNO Signal duration for rejection 

Interval duration for detection 

to Detect time 

t8 Tone dropout bridging 

CONDITIONS 

30S-640 Hz 

305-640 Hz 

Signal dropping from 
-40 dBm to -50 dBm (~) 

Signal dropping from 
o dBm to -50 dBm (tIl 

MIN MAX UNITS 

40 - ms 

- 20 ms 

40 - ms 

90 - ms 

- SO ms 

- 20 ms 

---Ij ... , 14- If-"" -=lI '" r ---Ij ~ 14-

""N ----D-i I I ,----I --------' 1-----11 '----~----.~ 

DETECT ------'I ,----,I LJU : 
ENABLE--~-----'-

FIGURE 2: Basic Timing 
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DETECT I L u j 
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FIGURE 3: Effect of Amplitude on Timing 
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PHONE LINE 
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FIGURE 4: Applications Circuits 
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SSI75T980 
Call Progress 
Tone Detector 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

XIN 8 

XOUT 2 7 

ENABLE 3 6 

DETECT 4 5 

SSI 75T98D-CP 
8-PIN DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T980 8-pin Plastic DIP 

SSI 75T980 16-pin SO Package 

VDD 

VREF 

VSS 

SIGN 

N/C 16 N/C 

XIN 2 15 VDD 

N/C 3 14 VREF 

XOUT 4 13 N/C 

EN 5 12 VSS 

N/C 6 11 N/C 

DET 7 10 SIGIN 

N/C 8 9 N/C 

SS175T980C 
16-PIN SO 

ORDER NO. PKG.MARK 

SSI 75T980-CP 75T980-CP 

SSI 75T980-CL 75T980C 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 
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DESCRIPTION 

The SSI 75T981 and SSI 75T982 Precise Call Prog
ress Tone Detector circuits enable automatic monitor
ing of tones in dial telephone systems for the purpose 
of routing calls. Built using CMOS switched capacitor 
technology, each has four independent channels for 
detecting precise tones in the 305 to 640 Hz range. The 
outputs of the channels have a response related to the 
respective tone durations. 

The SSI 75T981 and SSI 75T982 are identical except 
for the tones detected. The SSI 75T981 will decode 
350Hz, 400Hz, 440Hz and 480Hz. The SSI75T982will 
decode 350Hz, 440Hz, 480Hz and 620Hz tones. 

BLOCK DIAGRAM 

Yeo v.. VA" 

4-79 

SSI 75T981/982 
Precise Call Progress 

Tone Detector 

July, 1990 

FEATURES 

• Detects & decodes precise tones throughout 
305-640 Hz telephone progress band 

• 35 dB dynamic range 

• Single supply CMOS (low power) 

• Adjustable gain sensitivity 

• Supply range 4.75 to 5.5 VDC 

• Uses 3.58 MHz crystal 

• Three-state outputs 

• Standard 22-pin DIP 

• Second source to Teltone M981 and M982 

PIN DIAGRAM 

Der, 

Dm 

DEl> 

DET. 

OE 

vss 

STROBE 

EN 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 

NC 

OE 

DET4 

DET3 

DET2 

DEn 

EN 

STROBE 

NC 



551 75T981/982 
Precise Call Progress 
Tone Detector 

CIRCUIT OPERATION 

The functional block diagram is shown on page 1. 
Channels 1 and 2, and 3 and 4 are multiplexed, 
respectively as shown. Each channel starts with a 4-
pole band-pass filter that reduces the amplitude of the 
out-of-band signals. The output of the front-end filter is 
fed into two circuits, one being a zero-crossing detector 
which functions as a Iimiter-AGC, and the other being 
a circuit that controls the level of the interference floor 
based on the level of the incoming signal. The output 
of the ZCD, and energy-limited signal, is fed into a 
peak-to-peak detector that determines if the precise 
frequency is present by checking the amplitude of the 
signal from the back-end filter. Pulses from the peak
to-peak detector, which indicate the presence of the 
precise tone, are counted to time the duration of the 
input pulsed-tone. If the criteria of the specifications are 
met, the appropiate detect output goes to the high 
state. As shown in the block diagram, all circuitry after 
the front-end filters is multiplexed. A digital demulti
plexer follows the P-P detector to provide the four 
distinct outputs. 

SIGIN 

The input signal is applied to the SIGIN pin and is AC
coupled into the front-end filters. The SSI75T981 and 
SSI 75T982 can amplify a low level signal by 10 dB 
when the XRANG pin is held low. 

DET OUTPUTS & OE 

Outputs DET1-4 are CMOS push-pull when enabled 
(OE="1 ") and high impedance when disabled 

SIGN IN 

(OE="O"). A "1" on a DET pin indicates that the ap
propriate valid tone pulse was detected (see Table 1). 
Detect timing is shown in Figure 1. 

STROBE & EN 

The STROBE pin is the logical OR of the DETn outputs 
and will indicate when anyone of the four call progress 
tones has been detected. STROBE is unaffected by 
OE but goes to a high impedance state when EN="O". 

XIN, XOUT & X358 

Internal timing and clocks are derived form the 
3.58 MHz clock. The SSI 75T981 and SSI 75T982 
contain an on-board inverter with sufficient gain to 
provide oscillation when connected to a low cost 
"colorburst" crystal. The crystal is connected between 
XIN and XOUT. A 1 MQ 10% resistor is also connected 
between these pins. In this mode, X358 is a clock 
frequency output available to drive other parts requir
ing the same frequency. 

The part will also operate with an external digital clock 
(duty cycle 40% to 60%). 

VREF 

Internal analog signal reference voltage. Noise or 
interference coupled onto this pin may degrade chip 
functionality. 

TST1 & TST2 

Manufacturer's special test pins. These pins should be 
left floating, not grounded. 

-..I too\.-

DETn ___ ~-"""'I I 

FIGURE 1: Timing Diagram 
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TIMING CHARACTERISTICS 
(Ta = 25°C, Voo-Vss = 4.75V to 5.5V) 

PARAMETER 

too Signal Duration for Detection 

too Time to Output 

tB Bridge Time 

tiD Signal Duration for Rejection 

tRO Time to Release 

tiL Interval Duration for Detection 
of Both Signals 

tEN DETn Pin Enable Time, 
Z to Low or High 

tos DETn pin Disable Time, 
Low or High to Z 

TABLE 1: Frequency Detection 

SIGNAL PRESENT (fo) 

75T981 75T982 

350Hz 350 Hz 

400Hz 620Hz 

440Hz 440Hz 

480Hz 480Hz 

Other In-Band 

Any 

SSI 75T981/982 
Precise Call Progress 

Tone Detector 

CONDITIONS MIN MAX UNITS 

In band, see Electrical Char. 200 - ms 

In band, see Electrical Char. - 200 ms 

In band, see Electrical Char. - 30 ms 

Noise at SIGIN: -50 dBm, - 160 ms 
0.2-3.4 kHz 

Noise at SIGIN: -50 dBm, - 200 ms 
0.2-3.4 kHz 

High to Low; High = 0 dBm, 1 - sec 
Low =-25 dBm 

CL = 50 pF, RL = 100 kn - 450 ns 

CL = 50 pF, RL = 100 kn - 450 ns 

DET1 DET2 DET3 DET4 OE STROBE EN 

1 X X X 1 1 1 

X 1 X X 1 1 1 

X X 1 X 1 1 1 

X X X 1 1 1 1 

0 0 0 0 1 0 1 

High Impedance 0 0 0 

Note: Out-of-band tones may cause short detect pulses H at sufficient amplitude and pulsed duration. 
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ELECTRICAL CHARACTERISTICS 
(O°C s Ta S 70°C) 

PARAMETER 

VDD 

Oscillator Frequency Deviation 

Power Supply Noise 

Current Drain 

Must Detect Signal 

Frequency Range 

Level (see Note 2) 

Must Reject Signal Level 

Level Skew Between Adjacent 
In-Band Signals for Detection of both 

Steady State Response 
Must Reject Level 

SIGIN Pin 

Voltage Range 

Input Impedance 

Gain 

XRANG Pin 

VIL 

VIH 

Pullup Current 

Detect Pins, DETn 

VOL 

VOH 

10Z 

CONDITIONS MIN 

4.75 

At XOUT from 3.57959 MHz -0.01 

0.1 - 5 kHz -
VDD=5.5V, Ta = O°C -

-1.0 

XRANG=O; In-Band, see Table 1 -35 

XRANG=1; In-Band, see Table 1 -25 

XRANG=O; Noise at SIGIN: -
-50dBm, 0.2 - 3.4 kHz 

XRANG=1; Noise at SIGIN: -
-50dBm, 0.2 - 3.4 kHz 

see Note 4 -

/ < /0 -5% or / > /0 + 5% -
see liming Characteristics & Note 3 

VDD -10 

Resistance; / = 500 Hz 80 

Capacitance -
XRANG=O 9.9 

-
VDD - 2.0 

XRANG=VSS -

ISINK=-1mA -
ISOURCE = 1 mA VDD - 0.5 

VO=VDD, VSS -

4-82 

MAX UNITS 

5.5 V 

+0.01 % 

20 mVpp 

30 mA 

+1.0 %of/o 

-10 dBm 

0 dBm 

-60 dBm 

-50 dBm 

6 dB 

0 dBm 

VDD V 

- kO 

15 pF 

. 10.1 dB 

0.5 V 

- V 

-10 JlA 

0.5 V 

- V 

1 JlA 
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ELECTRICAL CHARACTERISTICS (Continued) 

PARAMETER CONDITIONS 

STROBE Pin 

VOL ISINK=-1 mA 

VOH ISOURCE = 1 mA 

OE, EN Pins 

VIL 

VIH 

Pullup Current OE, EN = VSS 

External Clock 

VIL XOUTOpen 

VIH XOUTOpen 

Duty Cycle XOUTOpen 

XIN, XOUT Loading 

Capacitance Crystal oscillator active 

Resistance Crystal oscillator active 

X358 Pin (CL = 20 pF) 

VOL ISINK=-10~ 

VOH ISOURCE = 1 0 ~ 

Duty Cycle 

Notes: 

SSI75T981/982 
Precise Call Progress 

Tone Detector 

MIN MAX UNITS 

- 0.5 V 

VDD -0.5 - V 

- 0.5 V 

VDD -2.0 - V 

- -10 ~ 

- 0.2 V 

VDD - 0.2 - V 

40 60 % 

- 10 pF 

20 - Mn 

- 0.2 V 

VDD - 0.2 - V 

40 60 % 

1. All parameters are specified at VDD = 5 volts and XRANG at a logical "high" state, which implies unity front
end gain. Power levels in dBm are referenced to 600n. 

2. A post-filter AGC is employed to enhance end-of-tone detection for high-level signals. A drop in amplitude 
of the input tone may cause an end-of-tone (interval) indication. 

3. Large input voltage transients may cause excessive ringing in the highly selective filter, causing spurious 
detection. The detects are not considered as incorrect circuit operation. 

4. Any tone 40 Hz -1% from fo must adhere to this specification, where fo is defined in Table 1. 
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ABSOLUTE MAXIMUM RATINGS 
(Operation above absolute maximum ratings may damage the device.) 

PARAMETER CONDITIONS 

DC Supply Voltage Voo-Vss 

Input Voltage All inputs except SIGIN 

SIGIN Voltage 

Storage Temperature 

Operating Temperature 

Lead Temperature Soldering, 10 sec. 

NORMAL CALL PROGRESS TONES AND SEQUENCE (Refer to Figure 2.) 

TONE FREQUENCY (Hz) 

Precision Dial Tone 350 +440 

Old Dial Tones 600 + 120 or 133 
and other combinations 

Precision Busy 480 
+620 

Old Busy 600 
+120 

Precision Reorder 480 
+620 

Old Reorder 600 
+120 

Precision Audible Ringback 440 
+480 

Old Audible Ringback 420 +40 
and other combinations 

4-84 

RATING 

+7V 

Vss - 0.3V to Voo + 0.3V 

Voo - 18V to Voo + 0.3V 

-65°C to 150°C 

O°C to 70°C 

260°C 

CADENCE 

Continuous 

Continuous 

0.5s on 
0.5 s off 

0.5son 
0.5 s off 

0.3 s on local 
0.2 s off reorder 

0.2 son toll 
0.3 s off reorder 
0.25 s on toll 
0.25 s off local 

2son 
4 s off 

2son 
4 soH 

0790- rev. 
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CALL PROGRESS TIMING 
TONES 

DIAL TONE --I 

SSI 75T981/982 
Precise Call Progress 

Tone Detector 

AUDIBLE RING -Irn_7'7T1l'TTTT'lT7Tlf-I------~ 

BUSY 

REORDER· 

·120 INTERRUPTIONS/MIN. 

FIGURE 2: Nonnal Call Progress Tones and Sequence 

4-85 



SSI 75T981/982 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI75T981 22-Pin Plastic DIP 

SSI75T982 22-Pin Plastic DIP 

VDD 

SIGIN 

TST1 

NC 

VREF 

X358 

XOUT 

XIN 

TST2 

VSS 

NC 

22· PIN DIP 

NC 

NC 

XRANG 

OE 

DET4 

DET3 

DET2 

DET1 

EN 

STROBE 

NC 

ORDER NO. 

SS175T981-CP 

SSI 75T982-CP 

PKG.MARK 

75T981-CP 

75T982-CP 

No responsibility is assumed by Silicon Systems for use of this product nor for any infringements of patents and trademarks or other rights 
ofthird 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 thatlhe data sheet 
is current before placing orders. 

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680 (714) 731-7110, FAX (714) 731-5457 

11:>1989 Silicon Systems, Inc. Patent No. 4,742,251 4-86 0790 - rev. 
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DESCRIPTION 
The SSI 78A093 is a 12x8 matrix-array crosspoint
switching IC for telecom-switching and industrial con
trol-routing applications. Standard integrated features 
include microprocessor-control inputs, line decoder, 
address latches, and 6 Vp-p analog-signal capability. 
The product is available with two different power supply 
configurations: The SSI 78A093A accepts power 
through the VSS and VOO pins; the SSI 78A093B has 
an altered pin-out and offers a separate logic ground 
pin. Both versions offer excellent crosstalk immunity, 
low feeclthrough (-95dB at 1 KHz), extra-high isolation 
between any two switches connected to XO channel, 
and less than 1% total distortion at 0 dBm. The XO 
channel is optimized for ·ON HOLO" use by providing 
high isolation between switches connected to XO. The 
SSI 78A093 employs CMOS design technology for 
low-power operation. Power requirement for both the 
A and B versions of the SSI 78A093 is 5 to 16 volts. 
Both versions are packaged in a standard 40-pin 
plastic OIP or 44-pin PLCC. 

ADDRESS 

BLOCK DIAGRAM 

STROBE DATA RESET 

DECODER 

AND 

LATCHES 

8Jc12 

SWITCH 

NOTE: Please see last page for PLCC pinout. 
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SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

July, 1990 

FEATURES 
• 96 crosspoint switches In a 12x8 array 
• ~P-compatlble control Inputs 
• On-chip line demultiplexer 
• Low ON resistance: 28 ohms at VDD = 12V typical 
• 5 to 16-voH supply operating range 
• 6 Vp-p analog signal capability 
• Address latches on-chip 
• Optimized performance on XO channel 
• Less than 1% total distortion at 0 dBm 
• -95 dB feedthrough at 1 kHz 
• Extra-low crosstalk between any two switches 

connected to XO 

• 78A093B version offers separate logic ground 
for flexible system design 

• Low-power CMOS design 
• TTL or CMOS-compatible Inputs 
• 4O-pln plastic DIP or 44-pln PLCC 

PIN DIAGRAM 

.. 1 .. .... "[ 1 .. 
Aft • .. n An • .. 

IEET I .. DATA IEIET • .. 
All • 07 n All • .. 
AlII • .. NC AID • II 

Me • .. .. NO • II 

Me 7 .. Me NO 7 .. 

NC· 

n 

DATA 

n ..... 
WI 

NC 

xo- )(11 XI • .. .. II • II .. 
Xl • II ., 17 • .. ., .. 

" 
., II .. " 11 II 

11111 .. II II 11 III II ... ,. .. XI ... II 21~XI 

X11 [ 13 .. .. .. , II .p .. 
NC~ '4 17 Me Me ,. 27 P NO 

n[ 1. .. Me 
VI II 

21 P Me 

tIC[ 1. .. AYI . .... II 
• PAY1 

VI[ 17 .. AWl .. 17 
iii ~ AYO 

ITROIE[ l' II All lITHO .. II .. P All 

ft[ l' .. All .. II JJ P AX1 

VII[III ., ". vas III 21 pv. 
78A093A 78A093B 

• different pin. relative 10 78A093A 

5-1 
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SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

FUNCTIONAL DESCRIPTION 

A functional block diagram of the device is presented 
in Figure 1. The IC contains a 12x8 matrix of analog 
switches, each with a latch to maintain its on (closed) 
or off (open) state. Seven ADDRESS lines, AXO-AX3 
and AYO-AY2, are provided to address anyone of the 
96 switches. The DATA line may be held high to turn 
the switch on, or low to turn it off. The state of the 
ADDRESS and DATA lines can be set concurrently or 
separately. Finally, a positive pulse to the STROBE 
line initiates the action determined by the ADDRESS 
and DATA lines. All 96 switches may be turned off by 
forcing the RESET line high. All control lines (AD
DRESS, DATA, STROBE, and RESET) are level 
sensitive. . 

The IC has two power supply configurations: the A
version has VDD and VSS power supply pins; the B
version has VDD, VSS and a GND pin. The GND pin 
is provided as a reference voltage for digital inputs. For 
proper operation, the positive supply must be at least 
4.5 volts above GND. 

The switches are designed to provide low resistance 
connections when turned on. Any Y switches connect
ing to the XO channel are optimized to provide lower ON 
resistance. Furthermore, the XO channel switches, 
when turned on, provide maximized isolation between 
the Y channels when XO is grounded or connected to 
a low impedance source. 

STROBE ~TA RESET 

I I J • 
- '. Q Q Q Q Q l:J ~ ~ 

I Q Q Q 10 Q .~ j:J ~ 
II x, 

AYO·AY2 
- I 0 0 0 10 0 0 0 Q 

x /d 
II: I Q Q Q Q Q j:J Q ~ ~ /B ~ - ~ .. , Q [) [) Q Q Q Q 0 5 
" OJ /8 " 

~ ~ I!! , Q Q Q 0 Q l:J Q ~ .- ill ~ 
~ /B 
~ , Q Q [) Q [) Q Q ~ 

Ie -
AXO-AX3 /B 0 0 Q 0 Q ~ ~ Ji 

- /8 C Q [) Q Q Q 0 _t:; 

/B ~ 0 0 J;: LQ J; J;; ~ 
-

Ie Q Q Q Q Q Q Q ~ 

0 0 0 0 0 0 Q ~ x" 

FIGURE: 1 
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PIN DESCRIPTION 

NAME A-PIN # B-PIN# 
(DIP) (DIP) 

POWER 

VDD 40 36 

VSS 20 20 

GND - 16 

ADDRESS 

AXO-AX3 4,5,22,23 

AYO-AY2 2,24,25 

CONTROL 

DATA 38 

STROBE 18 

RESET 3 

DATA 

XO-X11 8-13,28-33 

YO-Y7 1,15,17,19, 
21,35,37,39 

0790 - rev. 

TYPE 

I 

I 

I 

I 

I 

I 

I 

I 

1/0 

1/0 

DESCRIPTION 

Positive power supply. 

Negative power supply. 

Digital signal ground. 

SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

X address lines. These 4 pins are used to select one of the 
12 rows of switches. Refer to the truth table in figure 2, for 
legal addresses. 

Y address lines. These 3 pins are used to select one of the 
8 columns of switches. Refer to the truth table in figure 2, 
for legal addresses. 

This input determines if the selected switch will be turned 
on (closed) or off (opened). If the pin is held high, the 
selected switch will be closed. If the pin is held low, the 
switch will be opened. 

This pin enables whatever action is selected by the address 
and DATA pins. When the STROBE pin is held low, no 
switch openings or closing take place. When the STROBE 
pin is held high, the switch addressed by the select lines will 
be opened or closed (depending upon the state of the 
DATA pin). 

Master Reset. This pin turns off (opens) ali 96 switches. 
The states of the above control lines are irrelevant. This pin 
is active high. 

Analog Input/Outputs. These pins are connected to the 
rows of the switch matrix. 

Analog Input/Outputs. These pins are connected to the 
columns of the switch matrix. 
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SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
Exposure to absolute maximum rating conditions for extended periods may cause permanent damage to 
the device or affect device reliability. 

PARAMETER RATING UNIT 

VDD with respect to VSS -0.5 to 17.6 V 

GND (B-Version only) VSS -0.5 to VDD +0.5 V 

Storage Temperature -65 to 150 °C 

Control Signals GND -0.5 to VDD +0.5 V 

Analog Signals 7 Vpp 

Lead Temperature 300 °C 
(soldering. 10 seconds) 

Address 
Conn8CIions 

AXO IV" AA~ AX3 I A' 0 AY1 A 2 
0 0 0 0 0 0 0 XO • YO 
1 0 0 0 0 0 0 X1 • YO 
0 1 0 0 0 0 0 X2 - YO 
1 1 0 0 0 0 0 X3 - YO 
0 0 1 0 0 0 0 X4 - YO 
1 0 1 0 0 0 0 X5 - YO 
0 1 1 0 0 0 0 no connection 

i 1 1 1 0 0 0 0 no connection 
~ 0 0 0 1 0 0 0 XB - YO 
'iii 1 0 0 1 0 0 0 X7 - YO 
15 0 1 0 1 0 0 0 X8 - YO 
c 1 1 0 1 0 0 0 X9 - YO 
~ 0 0 1 1 0 0 0 X10-YO 

11 ~ 0 1 1 0 0 0 X11-YO 
1 1 1 0 0 0 no connection 

1 1 1 1 0 0 0 no connection 

+ 
0 0 

~ + ~ ~ 'f-~ + + 
1 0 1 1 1 0 0 X11- Y1 

t 0 
~ ~ ~ 1 ! ~ -.2 + t 0 1 1 0 X11- Y2 

0 0 0 

+ + 1 0 f-V + + + + + 
1 0 1 1 1 1 0 X11- Y3 

t 0 • + + ! J 'f -+4 + 
0 1 1 0 X11- Y4 

0 0 

+ + 
1 ! + 'f-V t + + 

0 1 1 1 1 X11- Y5 
0 0 ~ + + 

1 1 XO - YB 
+ + + + + + 
1 0 1 1 0 1 1 X11- YB 

+ 
0 0 0 1 

+ + 
XO - Y7 

+ + + + + + 
1 0 1 1 1 1 1 X11- Y7 

FIGURE 2: Truth Table 
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RECOMMENDED OPERATING CONDITIONS 

SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

The recommended operating conditions for the device are indicated in the table below. Performance 
specifications do not apply when the device is operated outside these limits. 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

VDD with respect to VSS 4.5 16.0 V 

VDD with respect to GND 4.5 16.0 V 

GND with respect to VSS 0 5.5 V 

Analog Input VoHages VIN 6 Vpp 

Analog Currents 10 rnA 

Ambient Temperature 0 85 °C 

D.C. CHARACTERISTICS 
TA", 25°C, VSS '" OV, GND '" 0, VDD '" 13.2V, RL '" 1K, CL '" 50pF, UNLESS OTHERWISE NOTED. 
Positive current is defined as flowing into the device. 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

Supply CurrentlDD 14 20 rnA 

CROSSPOINT 

XO channel 
ON resistance (XO-Vi) VIN:5;6V 20 n 
RON other 

channels (Xi-Vi) VIN:5;6V 28 45 n 
XO channel 

ON resistance var. (XO-Vi) 5 n 
& RON other 

channels (Xi-Vj) 15 25 n 
X capacitance CX (Switch off) 20 pF 

V capacitance CV (Switch off) 30 pF 

CONTROL 

Input HIGH voltage VIH A-Version 2.0 V 
B-Version GND +2.0 V 

Input LOW voltage VIL A-Version 0.8 V 
B-Version GND+0.8 V 

Input leakage IL -0.1 0.1 I1A 
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SSt 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

DYNAMIC CHARACTERISTICS AND TIMING 

TA = 25°C, VDD = 13.2V, VSS = OV, GND = OV, RL = 1K, CL = 50 pF, UNLESS OTHERWISE NOTED. 
Digital input rise and fall times are 5nS. Output times are defined as the time to rise or fall from 0% to 
10% of the full swing (see figure 3). 

PARAMETERS CONDITIONS MIN NOM MAX UNIT 

CROSSPOINT 

Propagation Delay 1 Vpp sine wave 
@ 10 kHz 18 30 ns 

Distortion 1 Vpp sine wave 0.2 1.0 % 

Feedthrough 10 kHz, any 
switch off -90 -80 dB 

Yi to Vi isolation on XO channel Any two V channels: 
Vi, Vi, XO-Vi, XO-Vi are on 
Xo grounded, Rin = 1 K -90 -60 dB 

1 kHz -97 
Crosstalk 1 Vp-p sine wave dB 

10 kHz -92 

CONTROL 

Delay: strobe to out TSl 60 160 ns 

Delay: address to out TAl 200 ns 

Delay: data to out TDl 180 ns 

Delay: reset to out TRl 100 180 ns 

Data setup time TSU 30 ns 

Address setup time TAS 30 ns 

Data hold time TH 30 ns 

Address hold time TAH 30 ns 

Strobe Pulse Width TST 50 ns 

Reset Pulse Width TRST 50 ns 
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S51 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 

,,'------------
ADDRESS ~ x~------~x~ __ ~ __________ _ 

1~':--.sU --------'-------------'-----1 ~~H 1r--~A=-1----,------__ 
DATA 

I TDZ I 
.. - /. TRST ~ 

RESET 

ANALOG ---------~ ~~o%A1_~_ ~------------- ALL sw OFF 
OUTPUT ~--------------------- -------

FIGURE 3: Timing Diagram 

APPLICATIONS INFORMATION 

Although the SSI 7aA093 allows switching 96 possible 
signal paths, it is not limited to applications of only an 
ax12x1 configuration. Figure 4 shows a method of 
addressing 4 separate 7aA093's. In this example, the 
RESET, DATA, and ADDRESS lines are connected in 
parallel forthe four devices. The logic for lines A, Band 
STROBE go to a 2-line to 4-line decoder with the 
STROBE used to both enable and clock the data. This 
decode ( or a wider one) could be easily implemented 
with a single programmable logic device. 

Figure 5 shows a case where both the X and Y lines 
have been expanded. This may be useful for applica
tions where several different source/destination paths 
need to be controlled by a single controller. The A and 
B lines are decoded to select the desired device. 

0790 - rev. 5-7 

In Figure 6, the Y-lines of all devices are connected in 
parallel to allow an ax4ax1 switch configuration. The A 
and B inputs become in effect an extension of the X
address line. This could also be used to make a 
32x12x1 matrix by tying the X-lines in parallel with the 
A and B inputs used as V-address lines. 

Figure 7 shows an application where switches in 2 
devices are connected at the same time in a 12xax2 
matrix. This would be useful in applications requiring 
the switching of differential signals. 



SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

RESET 

DATA 

AY 

AX 

A 

B 

STROBE o 
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3L , 
4/ , 

.--

3/ , 
4/ , 
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3 , 
4/ , 
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3" , 
4/ , 
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-

FIGURE 4 
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FIGURE 5 
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SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 
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FIGURE 8: XO - Channel: RON vs. VIN 

10 VIN 
(VOLTS) 

Figure 8 is valid for all switches connected to the XO channel only. The graph describes the behavior of the 
switch resistance RON as a function of the analog signal voltage VIN. 

TEST CONDITIONS: VSS = OV 
VDD = 13.2V 
RL = 1kQ (Load Resistance) 
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SSI 78A093A/B 
CMOS 12x8x1 

Crosspoint Switch 
With Control Memory 
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(VOLTS) 

FIGURE 9: X1 • X11 Channel: RON vs. VIN 

Figure 9 is valid for all switches connected to X1 thru X11 channels. The graph describes the behavior of the 
switch resistance RON as a function of the analog signal voltage VIN. 

TEST CONDITIONS: VSS = OV 
VDD = 13.2V 
RL = 1 k.Q (Load Resistance) 

0790 - rev. 5-11 



SSI 78A093A/B 
CMOS 12x8x1 
Crosspoint Switch 
With Control Memory 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

6 5 432 1 « ~ ~ ~ ~ 

o 

SSI7BA093A 

18 19 20 21 22 23 24 25 26 27 28 

44· Pin PLCC 
78A093A 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 78A093, Version A 
Plastic Dual-In-Line 
PLCC 

SSI 78A093, Version B 
Plastic Dual-In-Line 
PLCC 

Refer to the SSI Data Book for package dimensions. 
Please see Page 1 for PDIP pinout. 

Iii < 

~~S~~~~~~>~ 
4 3 2 1 44 43 42 41 40 

o 
36 NC 

35 X2 

SSI7BA093B 

44· Pin PLCC 
78A093B 

• different pins relative to 78A093A 

ORDER NO. PKG.MARK 

SSI 78A093A-CP 78A093A-CP 
SSI 78A093A-CH 78A093A-CH 

SSI 78A093B-CP 78A093B-CP 
SSI 78A093B-CH 78A093B-CH 

No responsibility is assumed by Silicon Systems for use of !his product nor for any infringements of patents and trademarks or o!her rights 
of !hird parties resulting from its use. No license is granted under any patents, patent rights or trademarks of Silicon Systems. Silicon Systems 
reserves !he right to make changes in specifications at any time without notice. Accordingly, !he reader is cautioned to verify !hat !he data 
sheet is current before placing orders. 

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 731-5457 
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DESCRIPTION 

The SSI78A207 is a single-chip, Multi-Frequency (M F) 
receiver that can detect all 15 tone-pairs, including ST 
and KP framing tones. This receiver is intended for use 
in equal access applications and thus meets both Bell 
and CCITT R1 central office register signalling specifi
cations. 

The SSI 78A207 employs state-of-the-art switched 
capacitor filters in CMOS technology. The receiver 
consists of a bank of channel-separation bandpass 
filters followed by zero-crossing detectors and fre
quency-measurement bandpass filters, an amplitude 
check circuit, a timer and decoder circuit, and a clock 
generator. The device does not attempt to identify 
strings of digits by the KP (key pulse) and ST (stop) 
tone pairs. 

No anti-alias filtering is needed if the input signal is 
band-limited to 26 KHz. The only external component 
required is an inexpensive television "color burst" 3.58 
MHz crystal. 

The outputs interface directly with standard CMOS or 
TTL circuitry and are three-state enabled to facilitate 
bus-oriented architecture. 

SSI78A207 
MFR1 Receiver 

July, 1990 

FEATURES 

• Meets Bell and CCITT R1 specifications 

• 2D-pln plastic DIP 

• Single low-tolerance 5V supply 

• Detects all 15 tone-pairs Including ST and KP 

• Long KP capability 

• Built-in amplitude discrimination 

• Excellent noise tolerance 

• Outputs In either "n of 6" or hexadecimal code 

• Three-state outputs, CMOS-compatible 

and TTL-compatlble 

BLOCK DIAGRAM 

esT!! 

VI< 
DV 

DE 

LKP 

>EX 

CUAl. 

05 

XI 
D4 

OJ 

D2 

CHIP CLCX::KS 
D' 

DO 

go 

VDD AGND OGND 
5-13 

0790 - rev. 



SSI78A207 
MFR1 Receiver 

FUNCTIONAL DESCRIPTION 

VIN 

This pin accepts the analog input. It is internally biased 
to haH the supply and is capacitively coupled to the 
channel separation filters. The input may be DC 
coupled as long as it does not exceed VOO or drop 
below GNO. Equivalent input circuit is shown below in 
Figure 1. 

CRYSTAL OSCILLATOR 

The SSI 78A207 contains an on-board inverter with 
sufficient gain to provide oscillation when connected to 
a low cost television "color-burst" crystal. The on-Chip 
clock signals are generated from the oscillator. The 
crystal is connected between X1 and X2. 

XOUT is a 3.58 MHz square wave capable of driving 
other Circuits as long as the capacitive load does not 
exceed 50 pF. Other devices driven by XOUT should 
use X1 as the input pin, while X2 should be left floating. 

LKP 

The KP timer control: When high, the KP detect time 
is increased. When low, the KP detect time is the same 
as for other tones. 

QUAL 

Enables tone pair qualification. When low, the thresh
old detector outputs are passed to the data outputs 
(~O-OS) without validation in the format selected by the 
HEX pin. These outputs, plus strobes OV and DE, are 
updated once per 2.3 ms frame. Note that the strobes 
will cycle once per frame (even when the inputs are 
stable.) As always, data changes only when both 
strobes are low. 

CSTR 
This input clears both the OV and DE strobes, and is 
active low. After CSTR is released, the strobes will 
remain low until a new detect (or error) occurs. The 
output data is latched by CSTR and will not change 
while CSTR is low, even in the event that a new detect 
is qualified internally. (Note that improper use of CSTR 
may result in missed detects.) 

EN 

The three-state enable control: When low, the DO-OS 
outputs are in the low impedance state. In an interrupt 
oriented microprocessor interface, EN and CSTR will 
often be tied together to provide automatic reset of the 
strobes when the output data is enabled. 

STROBE PINS· DV AND DE 

Valid data is indicated on the OV strobe pin, and data 
errors are indicated on the DE strobe pin. Whenever a 
valid 2 of 6 code has been detected, the OV strobe 
rises. It remains high until the code goes away, orthe 
CSTR line is activated. When an invalid code is 
detected, e.g., 1 of 6, 3 of 6, etc., the DE strobe remains 
high until all errors stop, a valid tone pair is detected, or 
the CSTR line is activated. Once cleared by CSTR, DE 
will not reactivate until a new invalid condition is de
tected. The DE and OV strobes will never be high 
simultaneously. 

5-14 

DATA OUTPUT MODES 

The digital output format may be either "n of 6" or 4-bit 
hexadecimal. 

For "hex· mode, the HEX pin is pulled high. Outputs DO 
to 03 provide a 4-bit code identifying one of the 15 valid 
tone combinations according to Table1. 

The outputs will be cleared to zero when no valid tone 
pair is present. 

For the "n of 6" mode, the HEX pin is pulled low, and 
each output represents one of the six frequencies as 
shown below: 

FREQUENCY 
700 
900 
1100 
1300 
1500 
1700 

OUTPUT PIN 
DO 
01 
02 
03 
04 
05 

The outputs will be cleared to zero when no valid tone 
is present. 
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TABLE 1: 

Channels Tone Pair Freq. Name 

0-1 700,900 1 

0·2 700,1100 2 

1·2 900,1100 3 

0·3 700, 1300 4 

1-3 900,1300 5 

2-3 1100,1300 6 

0-4 700, 1500 7 

1-4 900, 1500 8 

2-4 1100,1500 9 

3-4 1300, 1500 0 

2-5 1100,1700 KP 
4-5 1500,1700 ST 

1-5 900, 1700 ST1 

3-5 1300,1700 ST2 

0-5 700, 1700 ST3 

any other signal 

NOTE: In the hex mode, 04 = OE and 05 = OV. 

WD 

VlN 

200KQ 

03 02 

0 0 

0 0 

0 0 

0 1 

0 1 

0 1 

0 1 

1 0 

1 0 
1 0 

1 0 

1 1 

1 1 

1 1 

1 1 

0 0 

3KQ 

SSI78A207 
MFR1 Receiver 

01 00 

0 1 

1 0 

1 1 

0 0 
0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

1 0 

1 1 

0 0 

t VDD 
3KQ 

GND 

FIGURE 1: VIN Equivalent Input Circuit 
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SSI78A207 
MFR1 Receiver 

TIMING SPECIFICATIONS 

PARAMETER 

Ton Tone Time, KP 
(LKP = VDD) 

Ton 

Ton Tone Time, KP 
(LKP= DGND) 

Ton 

Ton Tone Time, All Others 

Ton 

Tpse Pause Time 

Thr 

Tsu Data Setup Time 

Th Data Hold Time 

Tskew Tone Skew Tolerance 

Tstr Minimum Strobe Pulse Width 

QUAL High 

QUAL Low 

Tsep Minimum Strobe Separation 

QUAL High 

QUAL Low 

Tr Rise Time DV, DE, DO-D5 
10-90% 

Tf Fall Time DV, DE, DO-D5 
10-90% 

Tw CSTRWidth 

Ten Data Enable Time 

Tdis Data Disable Time 

Trst Strobe Reset Time 

CONDITIONS MIN NOM MAX UNIT 

detect 55 ms 

reject 30 ms 

detect 30 ms 

reject 10 ms 

detect 30 ms 

reject 10 ms 

detect 20 ms 

reject 10 ms 

6 IlS 

7 IlS 

4 ms 

20 ms 

2 ms 

20 ms 

2 ms 

CL = 20 pF 100 ns 

CL = 20 pF 100 ns 

50 ns 

CL= 20 pF 100 ns 

100 ns 

CL = 20 pF 100 ns 
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Tb, ~ ~ ~I~ --- Tpso 

SSI78A207 
MFR1 Receiver 

TONE 1 >-------------~ 

b,,"~+-'--
TONE 2 --~-~ r-----------~------

~T ,S_kOW _______ ---.. 

00·05 

Tsu ~ 1:= Tst, --=tl~ ~ Th 
0'----------, 

OV (QUAL .1)---------' 

OV (QUAL. 0) ------' 

DE (OUAL.O)----------------------------l---' 

FIGURE 2: SSI 78A207 Timing Diagram 

ELECTRICAL CHARACTERISTICS 

ABSOLUTE MAXIMUM RATINGS 
(Operating above absolute maximum ratings may damage the device.) 

PARAMETER RATING UNIT 

DC Supply Voltage V DO +7 V 

Operating Temperature o to 70 (Ambient) °C 

Storage Temperature 65 to 150 °C 

Power Dissipation (25°C) 650 mW 
(Derate above TA=25°C @ 6.25 mW/°C) 

Input Voltage (VDD + O.3V) to -0.3 V 

DC Current into any input ±10 mA 

Lead Temperature (Soldering, 10 sec.) 300 °C 

5-17 



SSI78A207 
MFR1 Receiver 

DC ELECTRICAL CHARACTERISTICS (O°C :5: TA ~ 70°C, VDD = SV ± 10%) 

PARAMETER CONDITIONS MIN 

Idd Supply Current 

Vol Output Logic 0 

101 =8 rnA 

101 = 1 rnA 

Voh Output Logic 1 

loh = -4 rnA VDD-1.0 

loh = -1 rnA VDD-O.5 

Vih Input Logic 1 2.0 

Voh Input logic 0 

Zin Analog Input Impedance 100K 
(Input between VDD and AGND) 30pF 

lin Digital Input Current -SO 
(Input between VDD and DGND) 

AC CHARACTERISTICS (O°C:5: TA ~ 70°, VDD = SV ± 10%) 

PARAMETER CONDITIONS MIN 

F Frequency for Detect ±(0.01S 
Tolerance xFo+ 5) 

A Amplitude for Detect each tone -25 

0.123 

AN Amplitude for no Detect 

TW Twist Tolerance TW= high tone -6 
low tone 

T3 Third MF Tone Reject Amp relative to highest -15 
amplitude tone 

N60 60 HZ Tolerance not more than one error 81 

in 2S00 10-digit calls 0.777 

N180 180 HZ Tolerance same as above 68 

0.174 

Nn Noise Tolerance1 same as above 

NI Impulse Noise Tolerance2 same as above 

NOTES: 1. C-message weighted. Measured with respect to highest amplitude tone. 

2. With noise tape 201 per PUB 56201. Measured with respect to highest amplitude tone. 
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NOM MAX UNIT 

20 rnA 

O.S V 

0.4 V 

V 

V 

V 

0.8 V 

Q 

SO ~ 

NOM MAX UNIT 

Hz 

0 dBm 

2.191 Vpp 

-35 dB 

0.039 Vpp 

+6 dB 

dB 

dBrn 

Vpp 

dBrn 

Vpp 

-20 dB 

+12 dB 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

AGNO 

VIN 

HEX 

QUAL 

LKP 

EN 

VOO 

00 

01 

02 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 78A207 20-Pin Plastic DIP 

20 XOUT 

2 19 X1 

3 18 X2 

4 17 CSiR 

5 16 OGNO 

6 15 OV 

7 14 OE 

8 13 05 

9 12 04 

10 11 03 

20 - PIN DIP 

ORDER NO. 

SSI 78A207-CP 

SSI78A207 
MFR1 Receiver 

PKG.MARK 

78A207-CP 

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

Silicon Systems. Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 
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DESCRIPTION 

The SSI 78P233 DS-1 Line Interface is a bipolar 
integrated circuit that provides the interface functions 
necessary to convert DS-1-level signals to TIL-level 
and conversely. The receiver section accepts alter
nate-mark-inversion (AMI) encoded line data and pro
vides separated and synchronized data and clock 
outputs. The transmitter section accepts data and 
clock and produces AMI pulses of appropriate shape 
for transmission. A loopback multiplexer is also pro
vided that permits interchange of the signals between 
the sections. 

The 78P233 requires a single 5V supply. It is available 
in three different packages: standard, 600-mil DIP; 
narrow, 300-mil DIP; small outline (SOIC). 

BLOCK DIAGRAM 

FEATURES 

SSI78P233 
08-1 Line Interface 

July, 1990 

Single-chip transmit and receive OS-1 Line 
Interface 
Unique clock recovery circuit, requires no 
crystals or tuned components 
Variable jitter tolerance, adjustable with exter
nal components 
Pulse-shape transmission contormant with 
AT& T Compatibility Bulletin 119 specifications 
Six different line equalization settings tor 
pulse-shaping at the DSX-1 level 
Two alternate transmit settings for 6V-peak 
pulses 
Standard unipolar TTL-level clock & data ports 
for easy equipment interface 
Line-Ioopback and local-Ioopback control 
Loss-of-slgnallndlcation 
Bipolar violation detection 

PIN DIAGRAM 

"·~~~~~~~~+-~BPV 
RFO Vee 

0790- rev. 

1:;:::!i.::I.,,:,.::~::i::i~iru§±21lfG±tTr::=~7tir- LSIG 
~""4-- RXCLK 

"","...,...1--- RXPOS 
I-"'~I-- RXNEG 

~---,.-hDttr-CLKIN 
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EQLO 
EQLl 
EQL2 

lSIG lF1 

RCPK lF2 

LIN + lOUT-

LlN- lXGND 

RXGND lOUT + 

~ EOl2 

RXPOS EOLO 

RXNEG EOl1 

RXCLK lXNEG 

BPV ONITP" 

lXPOS ClKIN 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI78P233 
OS-1 Line Interface 

FUNCTIONAL DESCRIPTION 

The device consists of receiver and transmitter sec
tions together with a "Ioopback" means which permits 
interchange of signals between the sections (See 
Figure 1). 

RECEIVER 

The receiver input is normally transformer-coupled to 
the source of encoded alternate polarity pulses. To 
provide a tracking threshold for amplitude-detecting 
these pulses, the signal is peak detected and a fixed 
percentage of the peak value is applied to the com
parators which detect individual positive and negative 
pulses. An external R-C network is required to provide 
the proper storage ofthe peak reference value. Should 
the detected peak value fall below an acceptable level, 
the Loss of Signal (LSIG) output becomes active. This 
output may be used as a logical control signal or is able 
to drive a fault indicator LED directly. 

Outputs of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase-locked-oscillator loop which 
has an auxiliary frequency-sensitive acquisition loop 
which is active only when cycle-slipping occurs be
tween the received signal rate and the internal oscilla
tor. This system permits the loop to independently lock 
to the frequency and phase of the incoming data 
stream without the need for high-precision andlor ad
justable oscillators or tuned circuits. Non-precision 
external components are required, however, to estab
lish the oscillator center frequency and loop bandwidth. 

The phase-locked reference oscillator is employed to 
strobe the detected data into output latches and is also 
available as an output for externally synchronizing the 
data. 

Additional circuits are provided to detect received 
bipolar violations. These deviations from the alternate 
mark inversion format are detected when two or more 
successive pulses of the same polarity are received. A 
resultant violation output is in time coinCidence with the 
violating received signal output. 

5-22 

TRANSMITTER 

The transmitter combines unipolar logical inputs with 
an input clock to provide positive and negative output 
pulses onto a transformer-coupled line. 

Internal equalizer networks are selected by combina
tions of the three Equalizer Select inputs so that the 
waveform at the terminal end of various lengths of 
cable is as required. Note that the transmitter output 
pulse widths are determined by the input clock width, 
so that it must be carefully controlled to provide accept
able outputs. 

The transmitter pulse selection logical function is ar
ranged so that the simultaneous occurrence of both 
positive and negative transmit data inputs inhibits the 
output driver. Moreover, the driver has a current
limiting feature which protects the circuit in the event of 
a shorted load or inadvertent shorting of an output to 
the supply voltage. 

LOOPBACK CONTROL SECTION 

The loopback control section is essentially a multi
plexerwhich is capable of directing received data and 
clock to the transmitter section, or directing transmit 
input data and clock to the receiver outputs. This 
"looping" is controlled by two active low logic signals, 
LlNELP and LOCALP, respectively. 

The bipolar violation output is held inactive when the 
circuits are in the Local Loopback mode. 
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LINE BUFFER 
AND 

EQUALIZER 

DATA 
lCHS 

SSI78P233 
OS-1 Line Interface 

lOOPBACK 
MUX 

TXPOS 

TXNEG 

ClKIN 

EQlO 

L---'----.,..--'---.:.....;:.;~--.:.n EQL1 

EQl2 

FIGURE 1: Functional Diagram 
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SSI78P233 
DS-1 Line Interface 

PIN DESCRIPTION 

RECEIVER 

1/0 LABEL PIN NO. DESCRIPTION 

I LlN+, LlN- 4,5 Differential inputs, transformer-coupled from line. 

0 RXPOS 8 Unipolar receiver output, active as result of positive pulse 
at inputs. 

0 RXNEG 9 Unipolar receiver output, active as result of negative pulse 
at inputs. 

0 RXCLK 10 Clock pulses recovered from line data. 

0 LSIG 2 Loss-of-signal output indicating that input signal is less 
than threshold value. 

0 BPV 11 Bipolar violation output, active as a result of successive 
pulses at inputs of same polarity. 

TRANSMITTER 

I TXPOS 12 Unipolar transmitter data input, active high. 

I TXNEG 15 Unipolar transmitter data input, active high. 

I CLKIN 13 Transmitter clock input. Controls transmit pulse width. 
Transmit is active when low. 

0 LOUT+ 19 Output to transformer for positive data pulses. 

0 LOUT- 21 Output to transformer for negative data pulses. 

I EOLO 17 Line equalizer control signals. Selected according 
EOL1 16 to Table 1 for various cable lengths. 
EOL2 18 

LOOPBACK CONTROL 

I LlNELP 14 Low level causes receiver recovered data and clock to be 
connected to the transmitter. Data and clock continue to be 
present at receiver outputs. 

I LOCALP 7 Low level causes transmitter input data and clock to be 
connected to the receiver outputs. Input data continues to 
be transmitted. 
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PIN DESCRIPTION (continued) 

EXTERNAL COMPONENT CONNECTION 

I/O LABEL PIN NO. 

I RFO 1 

- LF1 23 
LF2 22 

- RCPK 3 

POWER 

- Vcc 24 

- RXGND 6 

- TXGND 20 

ABSOLUTE MAXIMUM RATINGS 

DESCRIPTION 

SSI78P233 
OS-1 Line Interface 

Resistor connected to Vcc to provide basic center fre-
quency of receiver phase locked loop oscillator. 

Resistor-capacitor loop filter network to RXGND to 
establish bandwidth of phase locked loop. 

Parallel resistor-capacitor network connected to RXGND 
to determine charge/discharge characteristics of peak de-
tector. 

Positive supply terminal for receiver circuits. 

Ground terminal for receiver circuits. 

Ground terminal for transmitter driver circuits. 

(TA = O°C to 70°C, Vcc = 5V ± 5%, unless otherwise noted. Operation above absolute maximum ratings 
may permanently damage the device.) 

PARAMETER RATING UNIT 

Vee, Supply VoHage -0.5 to +7.0 V 

Storage Temperature -65 to 130 °C 

Soldering Temperature (10 sec.) 260 °C 

Voltage Applied to Logic Inputs -0.5 to +7.0 V 

Maximum Power Dissipation 800 mW 

Junction Operating Temperature o to +130 °C 

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 
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SSI78P233 
OS-1 Line Interface 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Ta Ambient temperature 0 70 °C 

Vcc Power supply voltage 4.75 5.25 V 

VIH High-level input voltage 2.0 V 

VIL Low-level input voltage 0.8 V 

IOH High-level output current LSIG pin only; -7 -13 mA 
VO = 1.5V 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1% tolerance 6.04 Kn 

RLF Loop filter resistor 12.0 Kn 

CLF1 Loop filter capacitor 0.022 ~F 

CLF2 Loop filter capacitor 430.0 pF 

RPK Peak-detector resistor 36.0 Kn 

CPK Peak~detector capacitor 0.0015 0.015 0.15 ~F 

Transmit line transformer Refer to Table 3 --- ---

D. C. ELECTRICAL CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless othelWise specified.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply current All outputs open 75 100 mA 

IIH High-level input current VIH = 2.7V 20 ~ 

ilL Low-level input current VIL = 0.4V -0.36 mA 

VOH High-level output voltage IOH =-400 ~ 2.7 V 

VOL Low-level output voltage IOL=4.0 mA; 0.4 V 
IOL = 2.0 mA, LSIG pin 

RIN Receiver input resistance 800 1000 1250 n 
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SSI78P233 
OS-1 Line Interface 

DYNAMIC CHARACTERISTICS AND TIMING, TRANSMITTER 
(TA = O°C to 70°C, Vcc = SV ± S%, unless otherwise specified. Transmit pulse characteristics are ob
tained using a line transformer which has the characteristics shown in Table 3. Refer to Figure 2.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition period 648 nsec 

TTC Transmit clock pulse width 324 nsec 

TTCNT Transmit clock negative 10 nsec 
transition time 

TTCPT Transmit clock positive 10 nsec 
transition time 

TTPDS Transmit data set-up time is nsec 
TTNDS 

TTPDH Transmit data hold time 0 nsec 
TTNDH 

TTPL Transmit positive line pulse width See Note 1 TTC-S TTC+S nsec 

TTNL Transmit negative line See Note 1 TTPL-S TTPL+S nsec 
pulse width 

POL Transmit line pulses power level See Note 2 

Transmit line pulses waveshape See Notes 2 & 3 

Note 1: Measured at transformer with minimum line equalization 

Note 2: Characteristics are in accordance with AT&T Compatibility Bulletin 119, Table 1, and Table 2 or 
Table 3, for line lengths and equalizer settings as shown in Table 1 of this document. 

Note 3: Characteristics are in accordance with Table 2 for equalizer settings shown therein. 

y"OS 
TXNEG. ________________ '?f }Tm_DH _ 

i TTPL, 
TRANSMIT"'-______ ~sv_v:.=_t...J t LlNEOUTP~ _ L ________ --, 

o~~=t f 
LTTNL-J 

FIGURE 2: Transmit Waveforms 
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SSI78P233 
OS-1 Line Interface 

DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER 
(TA = O°C to 70°C, Vcc = 5V ± 5%, unless otherwise specified. External component values as specified in 
Recommended Operating Conditions; see Note 1. Refer to Figure 3.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage ±1.5 ±3.7 Vpk 

VLOS Loss-of -signal ±0.5 ±1.0 Vpk 
indicating voltage 

TLOS Loss-of-signal delay time Timed from removal O.7TPK 1.3TPK sec 
of input signal; 
See Note 2 

VOTH Receive data detection Relative to peak 65 75 % 
threshold amplitude 

TSTAB Receiver stabilization time After application 5 msec 
of input signal 

TRCF Receive clock period 648 nsec 

TRC Receive clock pulse width 324 nsec 

TRCPT Receive clock positive CL = 15 pF 15 nsec 
transition time 

TRCNT Receive clock negative CL = 15 pF 10 nsec 
transition time 

TROP Positive or negative 648 nsec 
TRON receive data pulse width 

TROPS Receive data set-up time 290 nsec 
TRONS 

TROPH Receive data hold time 290 nsec 
TRDNH 

TRBV Receive bipolar violation 648 nsec 
pulse width 

TRBVS Receive bipolar violation 290 nsec 
set-up time 

TRBVH Receive bipolar violation 290 nsec 
hold time 

Receive input jitter tolerance sine, 10 KHz ±100 nsec 
high frequency to 100 KHz 

Receive input jitter tolerance sine, 300 Hz or less ±4 lJSec 
low frequency 
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DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER (Continued) 

PARAMETER CONDITIONS 

KD Clock Recovery Phase (AII1's Data 
Detector Gain Pattern) 

KO Clock Recovery Phase 
Locked Oscillator Control Gain 

MIN 

66 

0.15 

SSI78P233 
OS-1 Line Interface 

NOM MAX UNIT 

79 IJAIRad 

0.20 Megradl 
sec. Volt 

Note 1: Input signal is transformer coupled, and in accordance with AT&T Compatibility Bulletin 119, 
Table 1, and Table 2 or Table 3; also, as attenuated by 0 to 655 feet of ABAM* cable. 

Note 2: TPK = RPK x CPK x In«(VIN + 1.2V)/(VLOS + 1.2V)) 

* ABAM is the trade name for 22-gauge twisted-pair cable manufactured by AT&T. 

RXClJ( 

RXPOS. ___ ./ 

RXNoo. ____________ --"" 

______ ,·emsvs ~ 
TRBV----J--

FIGURE 3: Receive Waveforms 

TABLE 1: Equalizer Settings for Standard DSX·Level (3V·Peak Nominal) Pulses Versus ABAM Cable 
Length 

CABLE LENGTH IN FEET EQUALIZER SETTING 

EQLO EQL1 EQL2 

o to 50 0 0 0 

51 to 131 1 0 0 

131 to 262 0 1 0 

262 to 393 1 1 0 

393 to 524 0 0 1 

524 to 655 1 0 1 

Note: Equalizer settings may vary slightly at short line lengths. 
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SSI78P233 
DS-1 Line Interface 

TABLE 2: Equalizer Settings for Non·DSX·Level (6V·Peak Nominal) Pulses 

PULSE CHARACTERISTICS EQUALIZER SETIING 

EQLO EQL1 EQL2 

Rectangular 6.0 ± 0.6V pulse, 0 1 1 
10% to 40% trailing edge overshoot 

Rectangular 6.0 ± 0.6V pulse, 1 1 1 
less than 10% trailing edge overshoot 

Note: Output waveform at transformer secondary; terminated in 1000 load. 

TABLE 3: Transmit Line Transformer Characteristics 

CHARACTERISTIC SYMBOL MIN NOM MAX UNIT 

Tums ratio N 1CT:1 

Primary open circuit inductance Lp 1.25 mH 

Primary leakage inductance L1 2.0 J.LH 

Primary volt-time product ET 10 V-J.LSec 

Primary DC resistance Rp 1.0 0 

Secondary DC resistance Rs 1.0 0 

Effective primary C' 15 pF 
distributed capacitance 

TABLE 4: Recommended Transmit Line Transformers 

MANUFACTURER PART NO. 

AlE Magnetics 318-0765 

AT&T 2745 AG 

Pan-Mag (Tamura Corporation of America) PHT-019 

Pulse Engineering PE 64936 
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RECEIVE LINE 
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RXCLK 

551 78P233 
05-1 Line Interface 

RXPOS ________ / ""''--_____ ----J/ 

RXNEG ________________ / ""'--------
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LINE OUTPU:...:...T ____ ---' 

FIGURE 4: LIne Loopback Waveforms 

ClKIN 
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RXClK 
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TRANSMIT 
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FIGURE 5: Local Loopback Waveforms 
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SSI78P233 
OS-1 Line Interface 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

RFO Vee 

LSIG LFl 

RCPK LF2 

LIN + LOUT-

LlN- TXGND 

RXGND LOUT + 

~ EOl2 

RXPOS EOLO 

RXNEG EQLl 

RXCLK TXNEG 

BPV 1JRE[Jf 

TXPOS CLKIN 

PIN DIAGRAM FOR ALL PACKAGES 

ORDERING INFORMATION 

PART DESCRIPTION ORDER NO. PKG.MARK 

SSI 78P233, DS-1 Line Interface - 24-Pin 

Standard Width Plastic DIP (600 mil) SSI 78P233-CP 78P233-CP 

Narrow Width Plastic DIP (300 mil) SS178P233-CS 78P233-CS 

Small Outline SSI 78P233-CL 78P233-CL 

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

Silicon Systems. Inc. 14351 Myford Road. Tustin. CA 92680. (714) 731-7110. FAX (714) 731-5457 

©1989 Silicon Systems. Inc. 5-32 0790 - rev. 
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DESCRIPTION 

The SSI 78P234 PCM Interface Unit is a bipolar inte
grated circuit which performs the functions of receiving 
and transmitting PCM signals in an Alternate-Mark
Inversion (AMI) format. The receiver accepts AMI
format line data and provides separated and synchro
nized TTL-level data and clock outputs. High-density 
bipolar three-encoded (HDB3) signals are passed 
through the chip transparently. The transmitter 
accepts TTL-level data and clock, typically HDB3-
encoded, and produces AMI-format pulses of the 
appropriate shape for transmission. A loopback multi
plexer is also provided that permits interchange of the 
signals between the sections. The SSI 78P234 
requires a single 5V supply, and is available in both 
20-pin DIP and small outline (SO) packages. 

FEATURES 

SSI78P234 
2048 KBit/s 

PCM Interface Unit 

July, 1990 

• High-performance, low-cost solution for 2048 
KBltls PCM Interface applications 

o Both transmit and receive circuitry In a 
compact, 20-pin package 

• Compliant with CCITT recommendations 
G.703 and G.823 

• Unique clock-recovery circuit, requires no 
crystals or tuned components 

• Standard unipolar TTL-level clock and data 
ports for easy equipment Interface 

o Llne-Ioopback and local-Ioopback control 

• Loss-of-slgnallndicatlon 

• Available in SO or dual-in-line packages 

BLOCK DIAGRAM PIN DIAGRAM 

0790- rev. 
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RFO VCC 

lSIG 

RCPK 

LlN+ 

LIN

RXGND 

RXPOS 
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RXClK 
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lF2 

lOUT

TXGND 
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TXNEG 

IfiiJ"E[p 

ClKIN 

TXPOS 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI78P234 
2048 KBit/s 
PCM Interface Unit 

FUNCTIONAL DESCRIPTION 

The device consists of receiver and transmitter sec
tions together with a "Ioopback" means which permits 
interchange of signals between the sections (see Fig
ure 1). 

RECEIVER 

The receiver input is normally transformer-coupled to 
the source of encoded aHernate polarity pulses. To 
provide a tracking threshold for amplitude-detecting 
these pulses, the signal is peak detected and a fixed 
percentage of the peak value is applied to the com
parators which detect individual positive and negative 
pulses. An external R-C network is required to provide 
the proper storage ofthe peak reference value. Should 
the detected peak value fall below an acceptable level, 
the Loss of Signal (LSIG) output becomes active. This 
output may be used as a logical control signal or is able 
to drive a fauH indicator LED directly. 

Outputs of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase-locked-oscillator loop which 
has an auxiliary frequency-senSitive acquisition loop 
which is active only when cycle-slipping occurs 
between the received signal rate and the internal 
oscillator. This system permits the loop to indepen
dently lock to the frequency and phase of the incoming 
data stream without the need for high-p'recision and/or 
adjustable oscillators or tuned circuits. Non-precision 
external components are required, however, to estab
lish the oscillator center frequency and loop bandwidth. 

5-34 

The phase-locked reference oscillator is employed to 
strobe the detected data into output latches and is also 
available as an output for externally synchronizing the 
data. 

TRANSMITTER 

The transmitter combines unipolar logical inputs with 
an input clock to provide positive and negative output 
pulses onto a transformer-coupled line. Note that the 
transmitter output pulse widths are determined by the 
input clock width, so that it must be carefully controlled 
to provide acceptable outputs. 

The transmitter pulse selection logical function is 
arranged so that the simultaneous occurrence of both 
positive and negative transmit data inputs inhibits the 
output driver. Moreover, the driver has a current
limiting feature which protects the circuit in the event of 
a shorted load or inadvertent shorting of an output to 
the supply Voltage. 

LOOPBACK CONTROL SECTION 

The loopback control section is essentially a multi
plexerwhich is capable of directing received data and 
clock to the transmitter section, or directing transmit 
input data and clock to the receiver outputs. This 
"looping" is controlled by two active low logic Signals, 
LlNELP and LOCALP, respectively. 
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FIGURE 1: SSI 78P234 Functional DIagram 
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SSI78P234 
2048 KBit/s 
PCM Interface Unit 

PIN DESCRIPTION 

RECEIVER 

I/O LABEL 

I LlN+, LlN-

0 RXPOS 

0 RXNEG 

0 RXClK 

0 lSIG 

TRANSMITTER 

I TXPOS 

I TXNEG 

I ClKIN 

0 lOUT+ 

0 lOUT-

LOOPBACK CONTROL 

I LlNElP 

I lOCALP 

PIN NO. DESCRIPTION 

4,5 Differential inputs, transformer-coupled from line. 

7 Unipolar receiver output, active as result of positive pulse 
at inputs. 

8 Unipolar receiver output, active as result of negative pulse 
at inputs. 

9 Clock pulses recovered from line data. 

2 loss-of-signal output indicating that input signal is less 
than threshold value. 

11 Unipolar transmitter data input, active high. 

14 Unipolar transmitter data input, active high. 

12 Transmitter clock input. Controls transmit pulse width. 
Transmit is active when low. 

15 Output to transformer for positive data pulses. 

17 Output to transformer for negative data pulses. 

13 low level causes receiver recovered data and clock to be 
connected to the transmitter. Data and clock continue to be 
present at receiver outputs. 

10 low level causes transmitter input data and clock to be 
connected to the receiver outputs. Input data continues to 
be transmitted. 
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PIN DESCRIPTION (Continued) 

EXTERNAL COMPONENT CONNECTION 

I/O LABEL PIN NO. 

I RFO 1 

- LF1 19 
LF2 18 

- RCPK 3 

POWER 

- Vee 20 

- RXGND 6 

- TXGND 16 

ABSOLUTE MAXIMUM RATINGS 

DESCRIPTION 

SSI78P234 
2048 KBit/s 

PCM Interface Unit 

Resistor connected to Vee to provide basic center fre-
quency of receiver phase locked loop oscillator. 

Resistor-capacitor loop filter network to RXGND to 
establish bandwidth of phase locked loop. 

Parallel resistor-capacitor network connected to RXGND 
to determine charge/discharge characteristics of peak de-
tector. 

Positive supply terminal for receiver circuits. 

Ground terminal for receiver circuits. 

Ground terminal for transmitter driver circuits. 

(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise noted. Operation above absolute maximum ratings 
may permanently damage the device.) 

PARAMETER RATING UNIT 

Vee, Supply Voltage -0.5 to +7.0 V 

Storage Temperature -65 to 130 °C 

Soldering Temperature (10 sec.) 260 °C 

Voltage Applied to Logic Inputs -0.5 to +7.0 V 

Maximum Power Dissipation 600 mW 

Junction Operating Temperature o to +130 °C 

NOTE: All inputs and outputs are protected from static charge using built-in, industry standard protection 
devices and all outputs are short-circuit protected. 
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SSI78P234 
2048 KBit/s 
PCM Interface Unit 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER CONDITIONS 

Ta Ambient temperature 

Vee Power supply voltage 

VIH High-level input voltage 

VIL Low-level input voltage 

IOH High-level output current LSIG pin only; 
VO= 1.5V 

MIN 

0 

4.75 

2.0 

-7 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 

RLF Loop filter resistor 

CLF1 Loop filter capacitor 

CLF2 Loop filter capacitor 

RPK Peak-detector resistor 

CPK Peak-detector capacitor 0.0015 

Transmit line transformer Refer to Table 1 

D. C. ELECTRICAL CHARACTERISTICS 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified.) 

PARAMETER CONDITIONS MIN 

ICC Supply current All outputs open 

IIH High-level input current VIH = 2.7V 

ilL Low-level input current VIL = O.4V 

VOH High-level output voltage IOH = -4001lA 2.7 

VOL Low-level output voltage IOL= 4.0mA; 
IOL = 2.0 rnA, LSIG pin 

RIN Receiver input resistance 800 

5-38 

NOM MAX UNIT 

70 °C 

5.25 V 

V 

0.8 V 

-13 rnA 

6.04 KQ 

10 KQ 

0.Q15 IlF 

200 pF 

36 KQ 

0.015 0.15 IlF 

--- ---

NOM MAX UNIT 

100 rnA 

20 IlA 

-0.36 rnA 

V 

0.4 V 

1250 Q 
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SSI78P234 
2048 KBit/s 

PCM Interface Unit 

DYNAMIC CHARACTERISTICS AND TIMING, TRANSMITTER 
(TA = O°C to 70°C, Vee = 5V ± 5%, unless otherwise specified. Transmit pulse characteristics are ob
tained using a line transformer which has the characteristics shown in Table 1, and with the appropriate 
resistive load. Refer to Figure 2.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition period 488 nsec 

TTC Transmit clock pulse width 244 nsec 

TTCNT Transmit clock negative 10 nsec 
transition time 

TTCPT Transmit clock positive 10 nsec 
transition time 

TTPDS Transmit data set-up time 15 nsec 
TTNDS 

TTPDH Transmit data hold time 0 nsec 
TTNDH 

TTPL Transmit positive line pulse width Measured at trans- TTC-5 TTC+5 nsec 
former 

TTNL Transmit negative line TTPL-5 TTPL+5 nsec 
pulse width 

Transmit line pulses waveshape See Note 

Note: Characteristics are in accordance with Table 6 and Figure 15 of Rec. G.703. 

elKiN 

lXPOS _____ .../ 

j/NDS 
lXNEG _________________ l.~ 

}TmDH 

r-TIPli 
TRANSMIT '-'-______ O'5V_V~_=_1_' t LlNEOVTP~ _ '-_________ -, 

05:--+ f 
LTml-J 

FIGURE 2: Transmit Waveforms 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER 
(TA = OOC to 70°C, Vee = 5V ± 5%, unless otherwise specified. External component values as specified in 
Recommended Operating Conditions; see Note 1. Refer to Figure 3.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage ±1.2 ±3.9 Vpk 

VLOS Loss-of -signal ±0.5 ±1.0 Vpk 
indicating voHage 

TLOS Loss-of-signal delay time Timed from removal O.7TPK 1.3TPK sec 
of input signal; 
See Note 2 

VDTH Receive data detection Relative to peak 35 45 % 
threshold amplitude 

TSTAB Receiver stabilization time After application 5 msec 
of input signal 

TRCF Receive clock period 488 nsec 

TRC Receive clock pulse width 244 nsec 

TRCPT Receive clock positive CL = 15pF 15 nsec 
transition time 

TRCNT Receive clock negative CL = 15pF 10 nsec 
transition time 

TRDP Positive or negative 488 nsec 
TRDN receive data pulse width 

TRDPS Receive data set-up time 210 nsec 
TRDNS 

TRDPH Receive data hold time 210 nsec 
TRDNH 

Receive input jitter tolerance sine,18KHz ±100 nsec 
high frequency to 100KHz 

Receive input jitter tolerance sine, 2.4 KHz ±750 nsec 
low frequency 

KD Clock Recovery Phase (A1I1's Data 66 79 jJAlRad 
Detector Gain Pattern) 

KO Clock Recovery Phase 0.40 0.55 Megradl 
Locked Oscillator Control Gain sec. VoH 

Note 1: Input signal is transformer coupled. In accordance with Paragraph 6.3 of Rec. G.703 and Table 
2 of Rec. G.823. 

Note 2: TPK = RPK x CPK x In((VIN + 1.2v)/(VLOS + 1.2v)) 
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2048 KBit/s 

PCM Interface Unit 
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FIGURE 3: Receive Waveforms 

LINE TRANSFORMERS 

The 551 78P234 is designed to connect to 750 coaxial or 1200 symmetrical pair cabling. The transmitter must 
meet output pulse characteristics as specified by the CCID (Table 6 of Rec. G.703) for each of these transmission 
media. It is important to choose a transformer that meets the specifications shown in Table 1 (below) to assure 
compliance with these requirements. 

CHARACTERISTIC SYMBOL MIN NOM MAX UNIT 

Tums ratio 750 coax N 2.53CT:1 

1200 twisted pair 2CT:1 

Primary open circuit inductance Lp 3 mH 

Primary leakage inductance L1 4.0 JlH 

Primary volt-time product ET 5 V-JlSec 

Primary DC resistance Rp 2.5 0 

Interwinding Capacitance Cw 25 pF 

TABLE 1: Transmit Line Transformer Characteristics 
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SSI78P234 
2048 KBitls 
PCM Interface Unit 

LINE TRANSFORMERS (Continued) 

75a Coax Connection 

Approximate turns ratios for connection to 750 coax are: 2.53 CT:1 for the transmitter and 1 :1.26 (no CT) for the 
receiver. Some recommended transformers are listed in Table 2. 

RCVIXMIT TURNS RATIO PART NUMBER MANUFACTURER 

XMIT 2.53CT:1 PE 64945 Pulse Engineering 

XMIT 2.66CT:1 11816 Schott Corporation 

RCV 1:1.26 PE 64938 Pulse Engineering 

TABLE 2: Recommended Line Transformers for 750 Coax Connection 

1200 Symmetrical Pair Connection 

Connection to 1200 symmetrical pair requires a 2CT:1 ratio for the transmitter and 1:1 (no CT) on the receiver. 
Some recommendations are listed below. 

RCVIXMIT TURNS RATIO PART NUMBER MANUFACTURER 

XMIT 2CT:1 1323 BH 
XMIT 2CT:1 G52J12C Pan-Mag 

XMIT 2CT:1 11815 Schott Corporation 

XMIT 1:1 :1 PE 64931 Pulse Engineering 

RCV 1 :1 PE 64935 Pulse Engineering 

RCV 1:1 :1 G52J111P Pan-Mag 

TABLE 3: Recommended Line Transformers for 1200 Symmetrical Pair Connection 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

RFO 

lSIG 

RCPK 

L1N+ 

L1N-

RXGND 

RXPOS 

RXNEG 

RXClK 

lOCAlP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI78P234 

20-Pin Plastic DIP 

20-Pin SO 

20 VCC 

2 19 lFl 

3 18 lF2 

4 17 lOUT-

5 16 TXGND 

6 15 lOUT+ 

7 14 TXNEG 

8 13 L1NElP 

9 12 ClKIN 

10 11 TXPOS 

20-Pln DIP, SO 

ORDER NO. PACKAGE MARK 

SSI 78P234-CP 78P234-CP 

SSI 78P234-CL 78P234-CL 

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

Silicon Systems, Inc. 14351.Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 731-5457 
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DESCRIPTION 

The SSI 78P236 is a line interface transceiver Ie 
intended for DS-3 (44.736 MbiUs) applications. The 
receiver has a very wide dynamic range and is 
designed to accept 83ZS-encoded Alternate-Mark 
Inversion (AM I) inputs; it provides clock, data, and low
level signal detector logical outputs. The transmitter 
converts clock and data input signals into AMI pulses 
of the appropriate shape for transmission. A line 
buildout (LBO) filter may be selected to attenuate the 
outgoing pulses for shorter line lengths. The SSI 
78P236 requires a 5-volt supply and is available in DIP 
and surface mount packages. 

SSI78P236 
OS-3 Line Interface 

'ij'Q'h,ihk'fa.mb' 
July, 1990 

FEATURES 

• Single chip transmit and receive interface for 
DS-3 (44.736 Mbit/s) applications 

• Unique clock recovery circuit, requires no 
crystals or tuned components 

• Selectable transmit line buildout to 
accommodate shorter line lengths 

• Standard unipolar pes and NEG data and ClK 

ports 

• Compliant with AT&T Compatibility 
Bulletin 119 

• lOW-level input signal indication 

o Available in DIP or surface mount packages 

o Pin-compatible with SSI78P2361 and 78P2362 

BLOCK DIAGRAM PIN DIAGRAM 
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28-Pin DIP 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI78P236 
OS-3 Line Interface 

FUNCTIONAL DESCRIPTION 

The SSI78P236 is intended to be used as a DS-3 Line 
Interface to perform the functions of receiving and 
transmitting pulse code modulated signals in an 
aHernate mark inversion format. The receiver section 
accepts encoded line data and provides separated and 
synchronized data and clock outputs. The transmitter 
section accepts data and clock and produces alternate 
mark inversion pulses of the appropriate shape for 
transmission. 

RECEIVER 

The receiver input is normally transformer-coupled to 
the source of encoded alternate polarity pulses. The 
Variable Gain Amplifier is used to adjust the signals 
applied to the VoHage Comparators to a relatively 
constant peak amplitude over the range of expected 
input levels. This is accomplished by means of the 
Peak Detector and AGC Amplifierwhereinthe amplified 
signal peaks are compared with a fixed reference 
voltage, andthefiHered difference applied to the variable 
gain stage which cause the signal peaks to nearly 
equal the reference value. 

The amplified positive and negative input data pulses 
are detected by high speed VoHage Comparators. The 
detection threshold is a fixed percentage of the peak 
value which is applied as the comparator reference. In 
this way, even though the input Signal amplitude may 
fall below the minimum value which can be regulated 
by the variable gain circuits, the proper detection 
threshold is maintained. 

Should the input signal fall below the minimum value 
which can be regulated, this condition is detected and 
indicated at the LOWSIG output. A time delay is 
provided before this output is active so that transient 
interruptions do not needlessly cause the indication. 

5-46 

Outputs of the data comparators are connected to the 
clock recovery circuits. The clock recovery system 
employs a unique phase locked oscillator loop which 
has an auxiliary frequency-sensitive acquisition loop 
which is active only when cycle-slipping occurs between 
the received signal rate and the internal oscillator. 

This system permits the loop to independently lock to 
the frequency and phase of the incoming data stream 
without the need for high-precision and/or adjustable 
oscillators or tuned circuits. 
A single external resistor is used to establish the 
oscillator center frequency as well as other timing 
functions. The response characteristics for the phase 
locked loop is established by internal means with the 
provision to added external filter components in parallel. 

The phase locked reference oscillator is employed to 
strobe the detected data into output latches and is also 
available as an output for externally synchronizing the 
data. 

TRANSMITTER 

The transmitter combines unipolar logical inputs with 
an input clock to provide poSitive and negative output 
pulses onto a transformer-coupled line. 

An internal pulse shaper is selected with the LBO logic 
input so that the waveform at the terminal end of cable 
lengths less than 225 ft. is as required. 

Note that the transmitter output pulse widths are not 
determined by the input clock width but is set internally. 
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551 78P236 
05-3 Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

LlN+. LlN- I Differential inputs. transformer-coupled from line. 

RPOS 0 Unipolar receiver output. active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output. active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input. active high. 

TNEG I Unipolar transmitter data input. active high. 
TCLK I Transmitter clock input. active high. 

LOUT+ 0 Output to transformer for positive data pulses. 
LOUT- 0 Output to transformer for negative data pulses. 
LBO I Line buildout control. Selected for shorter cable lengths. 

OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 
amplitude when low. 

OPT2 I Transmit option 2. Disables output driver and reduces output bias current 
when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1.LF2 - Resistor-capacitor loop filter network to RGND to establish bandwidth of 
phase locked loop. 

POWER 

TVec - 5V power supply for transmit circuits. 
RVec - 5V power supply for receive circuits. 

DVec - 5V power supply for receive logic circuits. 
TGND - Ground return for transmit circuits. 
RGND - Ground return for receive circuits. 

DGND - Ground return for receive logic circuits. 
NC - No connect. These pins are not connected to the chip. They should be tied 

to the appropriate ground pin (see figure 1) to minimize pin-to-pin coupling 
capacitance. 
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ELECTRICAL CHARACTERISTICS 

SSI78P236 
DS-3 Line Interface 

(TA = O°C to 85°C, Vee = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

ABSOULUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Positive 5.0V supply: TVee, RVcc, DVcc 6.0 V 

Storage Temperature -65 to 150 °C 

Soldering Temperature (10 sec.) 260 °C 

Ambient Operating Temperature, TA o to +85 °C 

Pin Ratings: 

LlN+, LlN-, TPOS, TNEG, TCLK, LOUT +, 
LOUT-, LBO, RFO, LF2, LF1, 
OPT1, OPT2 Pins -0.3 to Vcc +0.3 V 

Pin Ratings: 

RPOS, RNEG, RCLK, LOWSIG Pins -0.3 to Vcc +0.3 V 

+12 rnA 

SUPPLY CURRENTS AND POWER 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

ICC Supply Current Outputs Unloaded, 111 142 174 rnA 
normal operation, 
transmit and receive 
all 1 's pattern 

P Power Dissipation Outputs unloaded, 
TA = 85°C 0.93 W 

EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.) 

RFO Loop center frequency resistor 1 % tolerance 5.25 kn 

RLF Loop filter resistor TBD kn 

CLF1 Loop filter capacitor TBD J.l.F 

CLF2 Loop filter capacitor TBD pF 

Transmit line transformer TBD 
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OS-3 Line Interface 

ELECTRICAL CHARACTERISTICS (Continued) 

DIGITAL INPUTS AND OUTPUTS 
(CMOS-compatible pins: LOWSIG, RPOS, RNEG, RCLK, TPOS, TNEG, TCLK, LBO, OPT1.) Currents flowing 
into the chip are positive. Current maximums are currents with the largest absolute value. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIL Input low voltage -0.3 1.5 V 
VIH Input high voltage 3.5 Vcc+0.3 V 
ilL Input low current VIL= 1.5V -5.0 5.0 I!A 
IIH Input high current VIH =3.5V -5.0 5.0 I!A 
VOL Output low voltage IOL= 0.1 mA 1.0 V 
VOH Output high voltage IOH =-0.1 mA 4.0 V 

OPT2 CHARACTERISTICS 

VIL Input low voltage ilL = 0.4 mA 
VIH Input high voltage 

RECEIVER 
All of the measurements for the receiver are made with the following conditions unless otherwise stated: 
1. The input signal is transformer coupled in accordance with Table 8 of AT&T Compatibility Bulletin 119. 
2. RFO = 5.25 kQ 
3. The circuit is connected as in Figure 1. 

VIN Input signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 
RIN Input Resistance Input at chip's common 15 20 30 kQ 

mode voltage 
VOTH Receive data detection Relative to peak 50 % 

threshold amplitude for 22.37 
MHz sinusoidal input 

VLOW Receive data low signal Relative to peak 60 85 mV 
threshold amplitude for 22.37 

MHz sinusoidal input 
VLOWT Receive data low signal Relative to peak 500 ns 

delay amplitude for 22.37 
MHz sinusoidal input 

TSTAB Receiver stabiliz.ation time After application 300 J.LS 
of input signal 

TRCF Receive clock period 22.35 ns 
TRC Receive clock pulse width 11.18 ns 
TRCPT Receive clock positive CL = 15 pF 4.5 6 ns 

transition time 

TRCNT Receive clock negative CL = 15 pF 4.5 6 ns 
transition time 
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RECEIVER (continued) 

PARAMETER CONDITIONS 

TRDP Positive or negative 
TRDN receive data pulse width 

TRDPS Receive data set-up time 
TRDNS 

TRDPH Receive data hold time 
TRDNH 

Receive input jitter tolerance sine, 60 kHz 

high frequency to 300 kHz 

Receive input jitter tolerance sine, 10 Hz to 2.3 kHz 

low frequency 

KD Clock Recovery Phase All' 1 's data pattern 
Detector Gain KD = .418/RFO 

KO Clock Recovery Phase 
Locked Oscillator 

TRANSMITTER 

MIN 

8.7 

8.7 

±3.35 

0.3 

SSI78P236 
DS-3 Line Interface 

NOM MAX UNIT 

22.35 ns 

11.18 13.7 ns 

11.18 13.7 ns 

ns 

UI 

±55.88 ns 

5.0 UI 

74 80 86 ~Rad 

16 17 18 Mrad/ 
sec. -Volt 

All of the measurements for the transmitter are made with the following conditions unless otherwise 
stated: 

1. Transmit pulse characteristics are obtained using a line transformer which has the characteristics 
TBD. 

2. The circuit is connected as in Figure 1. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 22.35 ns 
period 

TTC Transmit clock pulse width 11.18 ns 

TTCNT Transmit clock negative 4.5 6 ns 
transition time 

TTCPT Transmit clock positive 4.5 6 ns 
transition time 

TTPDS Transmit data set-up time 2.5 11.18 ns 
TTNDS 

TTPDH Transmit data hold time 2.5 11.18 ns 
TTNDH 

TTPL Transmit positive line Measured at 10.62 11.18 12.0 ns 
pulse width transformer, LBO = Low 
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SSI78P236 
OS-3 Line Interface 

TRANSMITTER (continued) 

PARAMETER CONDITIONS MIN NOM MAX 

TTNL Transmit negative line Measured at 10.62 11.18 12.0 
pulse width transformer, LBO = Low 

TTEQ Equalized transmit Measured at TBD 
pulse shape transformer, LBO = High 

Transmit line pulse See Note 
waveshape 

Note: Characteristics are in accordance with paragraph 5.2.2 of AT&T Compatibility Bulletin 119. 

RECEIVEUNE 
INPUT (REF) 

RECCLOCK 

REC POS OUT ____ ./ 

. UNIT 

ns 

RECNEGOUT ________________ ~eTIID5~-------

TRANSMIT 
CLOCK IN 

TRANSMIT 
POSIN ____ ../ 

FIGURE 2: Receive Waveforms 

TTPOS TTPDH 

~~~MIT ________________ ~fTTNDS TTNDH1~ ________ _ 

iTTPLi 

TRANSMIT O~~P! + .... ________ ---. LINE OIJTPLIT ==r_ "'---------' O.SVNj f 
VN LTTNL-J 

FIGURE 3: Transmit Waveforms 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 78P236, DS-3 Line Interface - 28-pln 

Standard Width Plastic DIP (600 mil) 

Surface Mount - TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

TBD 

28-PlnDIP 

ORDER NO. 

551 78P236-CP 

SSI78P236 
OS-3 Line Interface 

PKG.MARK 

78P236-CP 

Preliminary Data: Indicates a product not completely released to production. The specifications are based on preliminary evaluations and 
are not guaranteed. Small quantities are available, and Silicon Systems should be consulted for current information. 

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

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 731-5457 
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DESCRIPTION 

The SSI 78P2361 is a line interface transceiver Ie 
intended for STS-1 (51.84 Mbitls) applications. The 
receiver has a very wide dynamic range and is 
designed to accept B3ZS-encoded Alternate-Mark 
Inversion (AMI) inputs; it provides clock, data, and low
level signal detector logical outputs. The transmitter 
converts clock and data input signals into AMI pulses 
of the appropriate shape for transmission. A line 
buildout (lBO) filter may be selected to attenuate the 
outgoing pulses for shorter line lengths. The 881 
78P2361 requires a 5-volt supply and is available in 
DIP and surface mount packages. 

BLOCK DIAGRAM 

t311 

LBO 
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SSI78P2361 
STS-1 line Interface 

I' Ch' fIg Mi.] i; ,6" t.] ;. 
July, 1990 

FEATURES 

o Single chip transmit and receive Interface for 
STS-1 (51.84 Mbit/s) applications 

o Unique clock recovery circuit, requires no 
crystals or tuned components 

• Selectable transmit line bulldout to 
accommodate shorter line lengths 

o Standard unipolar POS and NEG data and elK 

ports 

o LOW-level Input signal Indication 

o Available In DIP or surface mount packages 

o Pin-compatible with SSI 78P236 and 78P2362 

LF2 LFl 

f'oi\II:':3D--TCLK 
f'If.'~o--TPOS 

b..."",,=d3&pI--TNEG 



SSI78P2361 
STS-1 Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

L1N+, L1N- I Differential inputs, transformer-coupled from line. 

RPOS 0 Unipolar receiver output, active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output, active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input, active higl1. 

TNEG I Unipolar transmitter data input, active,~high. 

TCLK I Transmitter clock input, active high. 

LOUT+ 0 Output to transformer for positive data pulses. 

LOUT- 0 Output to transformer for neaative data pulses. 
LBO I Line buildout control. Selected for shorter cable lengths. 

OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 
amplitude when low. 

OPT2 I Transmit option 2. Disables output driver and reduces output bias current 
when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor-capacitor loop fiHer network to RGND to establish bandwidth of 
phase locked loop. 

POWER 
\ 

TVec - 5V power supply for transmit circuits. 

RVec - 5V power supply for receive circuits. 

DVec - 5V power supply for receive logic circuits. 

TGND - Ground return for transmit circuits. 

RGND - Ground return for receive circuits. 

DGND - Ground return for receive logic circuits. 
NC - No connect. These pins are not connected to the chip. They should be tied 

to the appropriate ground pin to minimize pin-to-pin coupling capacitance. 
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ELECTRICAL CHARACTERISTICS 

SSI78P2361 
STS-1 Line Interface 

(TA = O°C to 85°C, Vee = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanenlly damage the device. 

RECEIVER 
Input signal is transformer coupled. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 

RIN Input Resistance Input at chip's common 15 20 30 kn 
modevollage 

VDTH Receive data detection Relative to, peak 50 % 
threshold amplitude for 22.37 

MHz sinusoidal input 

TSTAB Receiver stabilization time After application 300 fJ.S 
of input signal 

TRCF Receive clock period 19.3 ns 

TRC Receive clock pulse width 9.65 ns 

TRCPT Receive clock positive CL = 15 pF 4.5 6 ns 
transition time 

TRCNT Receive clock negative CL=15pF 4.5 6 ns 
transition time 

TRDP Positive or negative 19.3 ns 
TRDN receive data pulse width 

TRDPS Receive data set-up time 9.65 ns 
TRDNS 

TRDPH Receive data hold time 9.65 ns 
TRDNH 

Receive input jitter tolerance TBD TBD ns 
high frequency 

Receive input jitter tolerance TBD TBD ns 
low frequency 
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SSI78P2361 
STS-1 Line Interface 

ELECTRICAL CHARACTERISTICS (Continued) 

TRANSMITTER 
Transmit pulse characteristics are obtained using 0-450 feet of 728A coaxial cable with the appropriate 
line transformer (to be specified.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

nCF Transmit clock repetition 19.3 ns 
period 

nc Transmit clock pulse width 9.65 ns 

nCNT Transmit clock negative 4.5 ns 
transition time 

nCPT Transmit clock positive 4.5 ns 
transition time 

nPDS Transmit data set-up time 9.65 ns 
nNDS 

nPDH Transmit data hold time 9.65 ns 
nNDH 

nPL Transmit positive line Measured at 9.65 ns 
pulse width transformer 

nNL Transmit negative line Measured at 9.65 ns 
pulse width transformer 

Transmit line pulse waveshape TBD 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1990 Silicon Systems, Inc. 5-58 0790 
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DESCRIPTION 

The SSI 78P2362 is a line interface transceiver Ie 
intended for 34.368 Mbitls applications. The receiver 
has a very wide dynamic range and is designed to 
accept HDB3-encoded Alternate-Mark Inversion (AMI) 
inputs; it provides clock, data, and low-level signal 
detector logical outputs. The transmitter converts 
clock and data input signals into AMI pulses of the 
appropriate shape for transmission. The SSI78P2362 
requires a 5-volt supply and is available in DIP and 
surface mount packages. 

BLOCK DIAGRAM 

RGND 
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SSI78P2362 
34.368 Mbit/s Line Interface 

July, 1990 

FEATURES 

o Single Chip transmit and receive Interface for 
34.368 Mblt/s applications 

• Unique clock recovery circuit, requires no 
crystals or tuned components 

.. Standard unipolar P~S and NEG data and ClK 
ports 

o Compliant with CCITT recommendations 
G.703 and G.823 

o low-level Input signal indication 

o Available In DIP or surface mount packages 

o Pin-compatible with SSI 78P236 and 78P2361 

lF2 lFl 

1OoIIII:=r-L--TNEG 
==""",.""""""",,', 

CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSI78P2362 
34.368 Mbitls Line Interface 

PIN DESCRIPTION 

RECEIVER 

NAME TYPE DESCRIPTION 

LlN+, LlN- I Differential inputs, transformer-coupled from line. 

RPOS 0 Unipolar receiver output, active as result of positive pulse at inputs. 

RNEG 0 Unipolar receiver output, active as result of negative pulse at inputs. 

RCLK 0 Clock pulses recovered from line data. 

LOWSIG 0 Low signal logic output indicating that input signal is less than threshold 
value. 

TRANSMITTER 

TPOS I Unipolar transmitter data input, active high. 

TNEG I Unipolar transmitter data input, active high. 
TCLK I Transmitter clock input, active high. 

LOUT+ 0 Output to transformer for positive data pulses. 
LOUT- 0 Output to transformer for negative data pulses. 
LBO I Line buildout control. Attenuates output pulses. Should be tied high for 

normal CEPT E3 applications 
OPT1 I Transmit option 1. Selects faster output pulse transition time and higher 

amplitude. Should be tied low for normal CEPT E3 applications. 

OPT2 I Transmit option 2. Disables output driver and reduces output bias current 
when low. 

EXTERNAL COMPONENT CONNECTION 

RFO I Resistor connected to RGND to provide basic center frequency of receiver 
phase locked loop oscillator. 

LF1,LF2 - Resistor-capacitor loop filter network to RGND to establish bandwidth of 
phase locked loop. 

POWER 

TVcc - 5V power supply for transmit circuits. 

RVec - 5V power supply for receive circuits. 
DVec - 5V power supply for receive logic circuits. 
TGND - Ground return for transmit circuits. 

RGND - Ground return for receive circuits. 
DGND - Ground return for receive logic circuits. 

NC - No connect. These pins are not connected to the Chip. They should be tied 
to the appropriate ground pin to minimize pin-to-pin coupling capacitance. 
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SSI78P2362 
34.368 Mbit/s Line Interface 

ELECTRICAL CHARACTERISTICS 
(TA = O°C to 85°C, Vee = 5V ±5%, unless otherwise noted.) Currents flowing into the chip are positive. Current 
maximums are currents with the largest absolute value. Operation above absolute maximum ratings may 
permanently damage the device. 

RECEIVER 
Input signal is transformer coupled. 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

VIN Input signal voltage Input AC-Coupled ±0.045 ±1.20 Vpk 

RIN Input Resistance Input at chip's common 15 20 30 kQ 
mode voltage 

VDTH Receive data detection Relative to peak 50 0/0 
threshold amplitude for 22.37 

MHz sinusoidal input 

TSTAB Receiver stabilization time After application 300 ~ 
of input signal 

TRCF Receive clock period 29.1 ns 

TRC Receive clock pulse width 14.55 ns 

TRCPT Receive clock positive CL=15pF 4.5 6 ns 
transition time 

TRCNT Receive clock negative CL = 15 pF 4.5 6 ns 
transition time 

TRDP Positive or negative 29.1 ns 
TRDN receive data pulse width 

TRDPS Receive data set-up time 14.55 ns 
TRDNS 

TRDPH Receive data hold time 14.55 ns 
TRDNH 

Receive input jitter tolerance sine, 10 kHz ±2.18 ns 
high frequency to 800 kHz 

Receive input jitter tolerance sine, 100 Hz to 1.0 kHz ±21.83 ns 
low frequency 
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SSI78P2362 
34.368 Mbitls Line Interface 

ELECTRICAL CHARACTERISTICS (Continued) 

TRANSMITTER 
Transmit pulse characteristics are obtained using a test load of 75!l with the appropriate line transformer 
(to be specified.) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

TTCF Transmit clock repetition 29.1 ns 
period 

TTC Transmit clock pulse width 14.55 ns 

TTCNT Transmit clock negative 4.5 ns 
transition time 

TTCPT Transmit clock positive 4.5 ns 
transition time 

TTPDS Transmit data set-up time 14.55 ns 
TTNDS 

TTPDH Transmit data hold time 14.55 ns 
TTNDH 

TTPL Transmit positive line Measured at 14.55 ns 
pulse width transformer 

TTNL Transmit negative line Measured at 14.55 ns 
pulse width transformer 

Transmit line pulse waveshape See Note TSD 

Note: Characteristics are in accordance with CCITT recommendation G.703, Figure 17 and Table 8. 

Advance Information: Indicates a product still in the design cycle, and any specifications are based on design goals only. Do not use for 
final design. 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457 

©1990 Silicon Systems, Inc. 5-62 0790 
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Custom/Semicustom 
Capabi lities 

SILICON SYSTEMS LEADS THE WAY DEVELOPING 
MIXED-SIGNAL CUSTOMISEMICUSTOM PRODUCTS 

Silicon Systems is committed to leadership in the 
development of high-performance, application
specific, customlsemicustom Mixed-Signallnte
grated Circuits (MSICsTM). 

Silicon Systems offers innovative designs for 
digital, analog, and mixed analog/digital ICs; a 
versatile range of CMOS and bipolar processes; 
quick-turn design methodologies supported by 
advanced and integrated design automation 
tools; specialized manufacturing facilities; com
prehensive test, quality assurance, and proto
type assembly programs; and nearly 20 years of 
IC design experience. Silicon Systems' efforts 
payoff by dramatically reducing the time (and 
cost) it takes to deliver the most optimized cus
tomlsemicustom ICs available. 

Whether a customer's application falls in Silicon 
Systems' specialty areas of communications, 
storage products, automotive, or other areas, 
Silicon Systems' technical capabilities turn de
signs around faster and minimize a product's 
time to market for the competitive advantage. 

DISK DRIVES 

READIWRITE 

HEAD POSITIONING 

PULSE DETECTORS 

DATA RECOVERY 

MOTOR CONTROL 

CONTROLLER 

ACTIVE FILTERS 

6-1 

COMMUNICATION 

MODEMS 

TONE SIGNALING 

TELEPHONYI 
DIGITAL TELECOM 

AUTOMOTIVE 

CUSTOM 

SEMICUSTOM 



Custom/Semicustom 
Capabilities 

BROAD RANGE OF ANALOG AND DIGITAL DESIGN EXPERIENCE 

With a broad base of experience, systems knowledge, 
and applications expertise, Silicon Systems' designers 
provide creative IC solutions in both CMOS and bipolar 
process technologies for analog, digital, and mixed
signal applications. 

In bipolar, Silicon Systems' design expertise focuses on 
applications requiring high-speed ECl logic combined 
with high-performance analog circuitry. Bipolar products 
range from low-noise amps to very sophisticated data 
separators that employ patented phase locked loops. 

In CMOS, Silicon Systems has designed digital products 
ranging from FIFOs to complex hard-disk drive control
lers. Combined analog/digital products range from cross
point switches to complete, one-chip 2400 biVs modems. 

···T~c~nlque Application . 

CMOS Signal Processing For analog continuous time and 
sampled data (switched-capacitor 
implementation) and Digital Signal 
Processing (DSP) applications. low-
power capability also allows inclusion 
of ROMs, RAMs, and other analog/ 
digital subsystems. 

Bipolar Signal Processing For high-performance, low noise, 
wide band signal acquisition and 
processing applications. Offers TTL 
andlor ECl logic interfaces with high 
current drive. 

Digital CMOS ForASIC controllers, sequencers and 
data path applications with on-board 
ROM, RAM, and PlA sub-systems. 
Offers standard TTL andlor CMOS 
logic interfaces. 

Digital Bipolar High-speed logic and interface 
circuitry. Offers standard logic or 
custom interfaces. 
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Silicon Systems Designed Examples 

• 73K224 complete single-chip 2400 biVs 
modem 

• C301 single-chip telephone headset 
amplifier 

• 14.4 kbit modem 
• Direct-broadcast satellite descrambler 
• Motor controllers 
• Hi-resolution analog data acquisition 

• Sub 1 nV/sHz HDD R/W amplifiers 
• AGC, pulse detection amplifiers 
• High-speed data separators 
• Wideband transceivers 
• Plls (Phase locked loops) 
• Optical signal processing 

• Hard disk drive controllers 
• SCSI interface controllers 
• UARTs 
• Protocol controllers 
• Digital signal processors 

• Encoders and decoders 
• High-speed digital transceivers 



Custom/Semicustom 
Capabilities 

FULL ANALOG AND DIGITAL INTEGRATION ON THE SAME CHIP 

Silicon Systems leads its competition in the design of complete systems on a chip which combine complex analog and 
digital functions. The total system solution approach allows designers to satisfy their application, cost, and 
performance objectives. 

Custom mixed-signal 
Bipolar low-noise 

read/write IC 

Standard Bipolar mixed
signal, high-performance 

data separator 

Standard product single
chip 2400 bit/s modem with 
switched capacitor filters 

and RISC DSP 

"DESIGN-FOR-TESTABILITY" AND TEST SUPPORT 

Silicon Systems employs design-for-testability method
ologies, such as built-in test modes that allow direct 
testing of internal subsystems. Silicon Systems uses 
highly specialized equipment, test programs and test 
procedures for combined analog/digital designs to en
sure delivery of high-quality product. To determine prod
uct reliability under extreme conditions, products are 
tested in-house by a wide variety of advanced analog or 
digital testers including: 

• L TX (TS88/DX90) testers 

• Trillium Micromaster Plus 

• Teradyne A520 

6-3 

These testers are supported by: 

• Automatic handlers (Trigon PLCC, Symtek & 
Tesec SOIC, and MCT DIP and Delta QFP) 

• Burn-in sockets, temperature chambers, Aehr 
burn-in ovens, and Highly Accelerated Stress 
Test (HAST) 



Custom/Semicustom 
Capabilities 

CMOS PROCESS TECHNOLOGIES 

Silicon Systems' mixed signal CMOS pro
cesses are used to implement low-power, 
highly integrated systems solutions. 

The two main processes used for new de
signs are CH (for 12V applications) and CG 
(for 5V applications). These processes are 
summarized in the table below. Other pro
duction process technologies (such as metal 
gate) are not utilized for new designs. 

Polysilicon 

Thin 
Oxide 

Field 
Oxide 

DOD 
Source/Drain 

SID Contacts 

CH CMOS PROCESS TRANSISTOR 

Nitrite 
Passivation 

Aluminum 
Interconnecl 

DOD 
Source/Drain 

PWell 
(for NFETs) 

.. :." . . .:.' .:" ...... ...... Drawn ... 
... , Application Gate . InterConnect Pitches ' . .. . 

PI'~S$ type> Voltage BVDSS Length Poiy1 Melal1 Metal 2 Features 

CH Si-Gate, single metal, 12V 18 V 3.611 5.811 6.411 nla • DDD SID structure 
dual poly, P Well • Poly-poly capacitors 

• Low-voltage coefficient 
• High n/Opoly resistors 
• Epi substrate option 
• Buried Well-ring 

CG Si-Gate, dual metal, 5V 7V 1.511 3.011 4.511 6.011 • DDD SID structure 
dual poly, P Well • Poly-poly capacitors 

• Shrinkable to 1.211 

CMOS PROCESS CHART 

The CH process is used for applications requiring a 
higher (12V) voltage operation. This higher voltage op
eration is achieved through the use of a DDD (double 
diffused drain) source/drain structure. This increases the 
SID junction grading and thus increases the breakdown 
voHage and lowers the associated junction capacitance. 
The CH process also provides 10w-voHage coefficient, 
precision poly-poly capacitors. These high quality ca
pacitors support high performance switched-capacitor 
fiHering and data conversion (ND and D/A) circuits. 
"Digital" CMOS processes which have been modified to 
provide poly-diffusion capacitors do not support high 
performance analog applications such as those possible 
with poly-poly capaCitors. Poly-poly capacitors have 
much lower voHage coefficients and do not have a large 
parasitic bottom place capacitor. 

Another important feature for analog applications is 
found on the Silicon Systems CH process, high n /D poly 
resistors. These resistors have a low voltage coefficient 
which is very important for low distortion, continuous time 
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filters such as in anti-aliasing applications. Typical 
CMOS processes provide only high value well resistors, 
which are unacceptable in these applications. 

To improve the reliability of your system, Silicon Systems 
has incorporated a well ring into the CH process. This 
improves the well tie-down and increases the latchup 
immunity. In applications with harsh 'environments' (in
ductive motor drivers, automotive applications ... ) an epi 
substrate option is utilized for CH to increase latchup 
immunity to well over 200 mAo 

The CG process is designed to support 5V mixed-signal 
systems. As the feature size (1.5Jl) is significantly re
duced over the CH process, much higher levels of 
system integration are possible. In addition to the much 
higher level of digital complexity poSSible, high perfor
mance analog circuitry is supported. Just as with the CH 
process, excellent poly-poly capacitors are available. 
The CG process is shrinkable to 1.2Jl. Both the CH and 
CG process are proven production processes, thus 
minimizing your unknowns and risks. 



Custom/Semicustom 
Capabilities 

BIPOLAR PROCESS TECHNOLOGIES 

Silicon Systems uses its bipolar processes to 
implement high performance mixed-signal 
integrated circuits. 

The two bipolar processes utilized for new 
designs are BK (12V) and BN (5V). These 
processes are summarized in the table be
low. Other production bipolar processes are 
not used for new designs. 

Advanced polysilicon emitter 
structure for high-performance 
NPNs 

Up-junction isolation 

Base plu.9 for reduced 
base resIstance 

Collector plug for reduced 
collector resistance 

Buried layer for reduced 
collector resistance 

BK BIPOLAR PROCESS NPN TRANSISTOR 

Emitter M1 M2 
Process Type BVCEO NPNFt Size Pitch Pitch Features 

BK Junction-isolated 12V 2GHz 2.5~ 9.0~ 14.0~ • Polysilicon emitters 
• A 1 Schottky diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Up/down junction isolation 
• Collectorlbase plugs 

BN Oxide-isolated 6V 8GHz 2.0~ 4.5~ 8.0~ • High performance NPNs 
• PlSi Schotty diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Sidewall oxide isolation 
• Collectorlbase plugs 

BIPOLAR PROCESS CHART 

The BK process is an analog/digital process technology 
used for applications requiring a higher voltage (12V) 
operation. Higher voltage operation is achieved through 
the use of lighter-doped epi, which also improves the 
performance (current gain and speed) of the lateral PNP 
transistors. Deep N+ and P+ enhancement layers are 
provided to reduce the collector series resistance and 
base resistance, respectively. Up-junction isolation is 
used to allow a Significant reduction in device area as 
compared to conventional junction isolation methods. 
Metal-Poly capacitors with a nitride dielectric are pro
vided in BK. 

The BN process is a sidewall oxide-isolated bipolar 
process targeted at applications using 5V power supply. 
The use of oxide isolation greatly reduces the sidewall 
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parasitic capacitances and allows the fabrication of very 
small transistors. A minimum size BN transistor con
sumes 1/5th the area of a minimum size BK transistor. 
The NPN transistors are available in walled and non
walled configurations with the additional option of re
cessed collectors to further reduce the base-collector 
capacitance. Excellent PtSi Schottky diodes are pro
vided as well as nitride/oxide capacitors, dual layer 
metal, and 100-200 MHz lateral and substrate PNP 
transistors. The high performance NPN transistors can 
be used to make sub-nanosecond ECl and CMl logic 
gates as well as high-precision, high-speed analog cir
cuitry. The fine metal pitches and small device sizes 
produce very dense circuit designs. The intrinsic speed 
and packing density of this process allow the designer to 
implement high performance analog/digital systems. 
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MIXED-SIGNAL ARRAYS 
The Mixed-Signal Array (MSA) series has been designed 
for those applications requiring both analog and digital 
circuits on a single chip. 

Silicon Systems' Mixed-Signal Array program is a hard
ware and software system for automating integrated 
circuit design. The arrays are developed with Silicon 
Systems' Integrated Design Methodology (IDMTM), a 
semicustom design technique fordesigning high density, 
high performance mixed-signal (analog and digital) ar
rays in both Bipolar and CMOS devices. 

General Description 
The MSA Series is a family of semiconductor arrays 
designed for efficient implementation of mixed analogI 
digital circuits. The series consists of seven base arrays 
ranging in complexity from 24 to 1608 digital gates, 8 to 
40 analog cells, and 28 to 66110 pads. 

Silicon Systems' Mixed-Signal Arrays are prefabricated 
integrated circuits consisting of tiles surrounded by a 
periphery of input/output tiles capable of a wide range of 
system interfaces. The Mixed-Signal Arrays employ a tile 
architecture which provides a systems designer with an 
open array of tiles containing unconnected active and 
passive semiconductor components. The components 
and tiles are interconnected to build specHic electronic 
functions in combined analog and digital technology 
through the use of Single tiles ortilelcomponent combina
tions. 

In Silicon Systems' integrated CAD/CAE environment, 
the designer has the option of using the predefined 
macros provided in the library, or he can use these 
macros as models for creating macros specHic to his own 
needs. The designer also has the option of storing newly 
generated or modified macros in a library and reusing 
them in other designs at a later time. 

ADVANTAGES OF MIXED-5IGNAL ARRA YS 
The benefits of using arrays are: 

• An array can be designed from concept to prototypes 
in ten to fifteen weeks. 

• Manufacturing time is greatly reduced due to the 
prefabrication of base arrays. 

• Arrays are economic. System size and cost are re
duced. Power consumption is reduced but perfor
mance is generally enhanced. 

• Arrays can be reconfigured to fit your unique design 
requirements. 

FEATURES 
CMOS and Bipolar families 
Combines high performance analog and digital cir
cuits on a single chip 
System speeds up to 2 GHz (bipolar) 
Twelve versatile arrays for a variety of applications 
High voltage capability 
ESD protection at each 110 pad 
Full CAE support on Mentor Graphics workstations 
Analog and digital macro library 

MIXED-SIGNAL TECHNOLOGY . EQUIVALENT EQUIVALENT .. . BONDING· ,. 
A~RAY . 

6701 
6702 
6703 
6704 
6901 
6902 
6903 
6951 
6952 
6953 
6954 
6955 

GATES OPAMPS 

CMOS 1608 40 
CMOS 280 12 
CMOS 604 12 
CMOS 604 12 
Bipolar 96 24 
Bipolar 0 8 
Bipolar 24 26 

144 52 
High 24 16 

Performance 72 34 
Bipolar 144 16 

288 22 

Silicon Systems Mixed-Signal Array Series 
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.. 
.. PADS· .. 

66 
36 
42 
44 
48 
28 
52 
64 
40 
56 
56 
72 
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INTEGRATED DESIGN METHODOLOGY.-THE IDMtM ADVANTAGE 
Silicon Systems has spent almost 10 years developing its 
Integrated Design Methodology (IDMTM). IDMTM consists 
of an interlocking set of design methods supported by a 
single Computer-Aided Engineering (CAE) and Com-

puter-Aided Design (CAD) system. As IDMTM supports 
analog and digital designs in any of Silicon Systems' 
CMOS and bipolar technologies, it offers the tremendous 
advantage of flexibility. 

COMPARE FULL-CUSTOM TO SEMICUSTOiVI DESIGN 

IDMTM is based on two major design approaches: full
custom and semicustom. 

Full-custom design is a "handcrafted" approach used to 
produce the most compact, high-performance design 
possible. Two approaches for full-custom physical de
sign are possible: either composite or symbolic. In com
poSite design, every process mask layer is drawn down 
to the process minimums. This yields the densest, high
est-performance designs but is the most time-consuming 
approach. Symbolic design utilizes correct-by-con
struction, stick-like, process symbols, such as resistors, 
capacitors, and wires. Symbolic design is significantly 
more productive than composite and supports a higher 
level of circuit verification for greater design accuracy. 

Semicustom design is an "automated" approach used to 
produce the most timely and cost-efficient designs pos
sible. Two approaches are possible: either automatically 
placed-and-routed library components, including stan
dard cells, or prefabricated array components. 

Silicon Systems' analog and digital standard cells are 
pre-characterized, library-maintained circuits that are 
automatically placed and routed to generate a layout. 
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The automatic place-and-route software also utilizes 
macro cell assemblers to route full-custom circuitry. The 
standard cell approach requires minimal layout effort, 
leading to lower development cost and a higher first 
article success rate. 

Silicon Systems' mixed-signal arrays are bipolar and 
CMOS families of integrated circuits which are ninety 
percent prefabricated. The base arrays utilize a three-tile 
type core structure each of which is targeted for a specific 
design application, i.e., analog, digital, and reference. 
The three tile types forming the array core are separated 
by interconnect "highways" capable of handling both 
analog and digital signal busses. The core, in turn, is 
enclosed by a periphery of predefined 1/0 functions. 

Array customization is achieved by the definition and 
interconnection of metal and poly-Si or double metal 
layers. Silicon Systems mixed-signal arrays provide a 
systems deSigner with fast prototype cycle times, lower 
integration costs, and the ability to migrate to either 
standard cell or custom integration with a minimum 
perturbation in design production. 
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CHOOSE THE OPTIMUM DESIGN APPROACH BASED ON TRADE-OFFS 

Each IDMTM design approach offers unique cost, time, and performance trade-offs. 

CUSTOM I SEMICUSTOM TRADE-OFFS 

Piece Price (production cost) 

Die Size (silicon area) 

1.0 

1.0 

1.2 - 1.4 

1.1 -1.2 

Note: All comparisons are normalized to a composite-level design. 

1.5 - 2.0 

1.3 - 1.6 

2.0 - 2.5 

1.6 - 2.0 

MIX FULL-CUSTOM AND SEMICUSTOM DESIGN ON A SINGLE CHIP 

Due to the interlocking nature of Silicon Systems' design approaches, full-custom and semicustom design can be 
mixed on the electrical and/or physical design of any given IC. 

Full-Custom 
Cell-Based Array - Based 

Design Design Design 
(Semlcustom) (Semlcustom) 

T I T 
! 

Electrical Design (CAE) -I 10M"" 1-- - - -- - - - --
Physical Design (CAD) 

I 
.L. .L. .L. 

Hand-Packed Auto Place & Array - Based 
Layout Route Layout Layout 

(Full-Custom) (Semlcustom) (Semlcustom) 

CONVERT SEMICUSTOM DESIGN INTO FULL-CUSTOM DESIGN 

With its unique integrated design automation system, Silicon Systems can easily convert a semicustom design into 
full-custom circuitry. This capability allows Silicon Systems' customers to reduce production costs by converting an 
area-inefficient semicustom design into a high-performance full-custom design. 
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SOPHISTICATED DESIGN AUTOMATION TOOLS 

The PegasysTM design automation system, with proprietary and Silicon Systems-enhanced vendor software, 
addresses both the electrical and physical phases of design. 

Capacitor 
Simulation 

ELECTRICAL DESIGN 

Electrical design is done on Mentor Graphics/Apollo 
engineering workstations with Silicon Systems-en
hanced software that provides schematic capture, simu
lation, synthesis, and documentation tools. This software 
is supported by libraries of pre-designed cells and 
components. Due to our integrated CAE environment, 
there is no distinction between any schematic capture, 
simulation, or synthesis capabilities for full- or semicus
tom design approaches. 
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Generators 

Design 
Rule 

Tape 
ReadlWrite 

ANALOG & DIGITAL SIMULATION 

Simulation ensures that we meet the customer's perfor
mance specification before converting the design into 
silicon. Circuit simulation, an important key to Silicon 
Systems' design methodology, allows us to accurately 
simulate the performance numbers of our technologies. 
For circuit simulation, we use Meta-Software's 
HSPICETM with a proprietary analog CMOS model that 
accurately predicts output impedance and other analog 
parameters over a wide range of operating conditions 
and device sizes. The HSPICE environment includes a 
fully hierarchical netlister, a preprocessor called 
PHSPICE, and a Meta-Software graphic plotter called 
HSPLOTTM. For the analog simulation of switched ca
pacitors, we use Columbia University's SWITCAPTM. 

For digital simulation, we use a proprietary version of 
SimuCad's SILOSTM that performs gate and switch-level, 
zero-delay, functional logic and fault simulation. To ana
lyze delays with a timing-based logic simulation, we use 
a combination ofTSIMTM (developed on Meta-Software's 
Circuit Path FinderTM) and SILOS. 
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DEVICE MODELING AND CHARACTERIZATION LABORATORY 

Highly-accurate circuit simulation models and parameters are developed in Silicon Systems' state-of-the-art 
Device Modeling and Characterization (DMC) laboratory. With capabilities including precision AC measure
ment, RS1 statistical analysis, and worst-case modeling, the DMC lab provides complete device model data 
for our processes. 

PHYSICAL DESIGN 

Silicon Systems is in the process of converting its physical design system from a proprietary VAX-based 
system (ALICE) to an enhanced Mentor Graphics/Apollo-based system (ICgraph™). Both systems support 
a full range of capabilities, including graphical editing, design rule checking (DRC), circuit trace, and pattern 
generation (PG) in an integrated environment. 

With the ALICE system, Silicon Systems pioneered a correct-by-construction device-level design methodol
ogy which has proven highly effective in the production of mixed analog/digital chips. Silicon Systems will 
embody this methodology within the Mentor Graphics-based system. 

AUTOMATIC PLACE AND ROUTE SOFTWARE 

Silicon Systems' cell-based automatic place-and-route capability, which is based on Cadence's T ANCELL TM 
software, performs physical design far more rapidly than can be done by hand. Extensive proprietary software, 
developed to complement TANCELL, supports hierarchical routing, parameter passing, library creation and 
maintenance, and CMOS switched-capacitor analog macro generation directly from full-custom design. A 
random-logic digital macro assembler is in development. This flexible place-and-route environment supports 
floor planning, automatic chip construction, and the mix and match of custom cells, standard cells, and 
compiled cells-all of which are used to reduce design development time. 

AUTOMATIC CIRCUIT TRACE AND VERIFICATION SOFTWARE 

Using a proprietary circuit-trace program called ANITATM, we compare the completed IC layout database 
automatically to the Mentor schematic database to ensure that the layout implementation matches the 
schematic design exactly. When this trace program is applied to CMOS and bipolar mixed analog/digital 
designs, it performs a more detailed trace than is available through commerciallayout-versus-schematic 
(LVS) packages. ANITA allows Silicon Systems to dramatically reduce design errors and minimize the time 
to product introduction. 

DESIGN AUTOMATION BENEFITS 

The proprietary PegasysTM Design Automation system gives Silicon Systems the flexibility to create 
increasingly complex ASIC designs for our customers while dramatically reducing design schedules, costs, 
and errors. 
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MANUFACTURING SUPPORTS CMOS AND BIPOLAR TECHNOLOGIES 

Silicon Systems continually invests in quality and capacity improvements to 
ensure thatthe company's wafer fabrication, test, and assembly capabilities 
meet the latest manufacturing requirements. 

Two manufacturing facilities offer specialized capabilities depending on 
fabrication needs. Both facilities offer high resolution stepper photolithog
raphy technology, positive resist, dry plasma etch systems, high current 
implantation and automatic sputtering. 

Fab 1 in Tustin employs bipolar processes including the high-speed BN 
process. Four-inch wafers are produced, targeted primarily toward the 
storage products marketplace. Fab 2 in Santa Cruz runs both bipolar and 
CMOS processes on both four- and six-inch wafers targeted primarily toward 
the communications and automotive products sector. The newest of the two 
manufacturing facilities, Fab 2, offers 5x stepper technology, robotics, and 
a migration towards sub-micron capability. 

COMPUTER-AIDED MANUFACTURING WITH PROMIS TM 

FOR RAPID DELIVERY OF RELIABLE ICs 
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Committed to Computer-Aided Manufacturing 
(CAM), Silicon Systems has invested in exten
sive computer resources. To handle the vast 
amounts of data required for manufacturing, 
monitoring, and statistical process control, Sili
con Systems uses the Process and Manage
ment Information System (PROMISTM). The 
PROMIS system: 

manages inventory information, 
tracks wafers in process, 

monitors the clean room environment 

performs statistical process control. 

PROMISTM provides computer-controlled (Le., 
paperless) facilities, which reduces sources of 
contamination in the wafer fab clean rooms. 
Silicon Systems' wafer fab is a class "50" envi
ronment with class "10" work surfaces. Cleanli
ness is maintained through the service chase 
approach, which channels a minimum of 5 air 
exchanges per minute. PROM IS allows Silicon 
Systems to deliver reliable ICs rapidly, thus al
lowing customers to introduce products to the 
marketplace on schedule and within budget. 
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SILICON SYSTEMS WORKS WITH CUSTOMERS 
TO CREATE THE BEST IC SOLUTION 

Silicon Systems has five IC design centers located in Tustin, Grass Valley, and Santa Clara, California as well as Tokyo 
and Singapore. Any of these design centers can accept a functional specification and complete the entire design task 
using either a full-custom or a cell-based approach. 

CUSTOMER INTERFACE FOR FULL-CUSTOM AND CELL-BASED DESIGNS 

CUSTOMER 

Design Specifications 
and Requirements 

Final DeSign Review 

Evaluate Prototype 
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SILICON SYSTEMS 

Design Components 
• Schematic Capture 
• Simulation 
• Netlisting 

• Automatic Placing 
and Routing or 
Hand-Packed Layout 

• Automatic Circuit 
Trace 

Test Program Creation 
Photomask 
WaferFab 
Prototype 

(Assembly, Test, Ship) 
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Or, a customer can complete most of the design, using array technology, and take advantage of Silicon Systems' 
expertise for physical layout. 

CUSTOMER INTERFACE FOR ARRAY-BASED DESIGNS 

CUSTOMER 

IC and Test 
Specification 

Schematics 
Database Tape 

Special Layout Info 
Test Secification 

Review Cells, 
as required 

Final Design Review 

Final Layout Review 

Evaluate Prototype 
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SILICON SYSTEMS 

Interactive 
Physical Layout 

& Automatic 
Circuit Trace 

Test Program Creation 
Photomask 
WaferFab 
Prototype 

(Assembly, Test, Ship) 



Notes: 
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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 meet the customer's expectations and requirements. 
This statement serves as the corporate quality policy and 
reflects key elements that are instrumental in attaining true 
customer satisfaction. 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 (MSICsTM). Our Corporate Quality Mission 
describes that commitment: "Achieve Total Customer Satis
faction Through Quality Excellence and Exceed the Goal of 
1 ppm by Continuous Improvement.· 

We realize and practice the concept that quality must be 
designed and built into our products. In addition, Silicon 
Systems utilizes rigid inspections and data analysis to evalu
ate the acceptability and variation existing in incoming ma
terials and performs stringent outgoing quality verification. 
The manufacturing process flow is encompassed by an 
effective system of tesVinspection checks and in-line moni
tors which focus on the control 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 tE!chniques, analytical controls 
and other quantitative methods ensures that Silicon Systems' 
products maintain the highest levels of quality and reliability. 
Our Reliability and Quality Assurance organization is com
mitted to working closely with the customer to provide assis
tance and a continually improving level of product quality. 

Reliability and 
Quality Assurance 

1.2 RELIABILITY AND QUALITY ASSURANCE 

It is the objective of the Reliability and Quality Assurance 
organization to ensure that proactive quality systems are in 
place to ensure that Silicon Systems' products will meet or 
exceed customer requirements and expectations. In addi
tion, the Reliability and Quality Assurance organization works 
to facilitate the timely implementation of solutions and moni
tors the effectiveness of corrective actions. These organi
zational strategies support the continuing enhancement of 
quality consciousness throughout Silicon Systems, a nec
essary element in supporting our objective of world-class 
quality. 

To facilitate the close coordination required of the Reliability 
and Quality function, a combined Reliability and Quality 
Assurance organization has been established. The R&QA 
organization structure is pictured in Figure 1. For maximum 
effectiveness, this organization is headed by a Senior Vice 
President reporting directly to the PresidenVCEO. 

SECTION 2: QUALITY ASSURANCE 

2.1 QUALITY OBJECTIVES 

While all Silicon Systems employees have direct responsibility 
for quality in their functions, Quality Assurance has the 
ultimate responsibility for the reliable performance of our 
products. This is accomplished through the administration of 
formal systems which assure Silicon Systems' management, 
as well as our customers, that products will meet the require
ments of customer purchase orders and all other specifica
tions related to design, raw material and thorough completion 
of the finished product. 

Quality Assurance supports and directs the formal qualifica
tion of suppliers, material, processes, and products, and the 
administration of quality systems and production monitors to 
assure that our products meet Silicon Systems quality stan
dards. Quality Assurance also provides the liaison between 

FIGURE 1: Organizational Chart 
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Silicon Systems and the customer for all product quality 
related concerns. 

It is the practice of Silicon Systems to have the corporate 
quality and reliability objectives encompass all of its activi
ties. 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 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 Fab
rication, Test, and Process Control personnel. 

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

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

4. Stringent electrical testing (100% and QAAQUSample 
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 
such strategic areas as Wafer Fabrication, Wafer Probe, 
Assembly, and Final Test. These quality monitoring tests are 
performed in addition to the intermediate and final inspec
tions found in the manufacturing process. 

Quality control monitors have been integrated throughoutthe 
manufacturing flow, so that data may be collected and 
analyzed 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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A generic description of the product flow and QC inspection 
points is shown in Figure 2. 

2.3 DESIGN FOR QUALITY 

Since the foundation of a reliable product is in the design 
process, the Reliability and Quality Assurance organization 
utilizes comprehensive reviews of design stages prior to the 
product's transition to production status. These review stages 
assure a predictable and effective development cycle. Other 
important design-related functions include ensuring that pro
cess specification revisions are translated into updated de
sign parameters and the translation of manufacturing pro
cess capability into design guidelines. This is accomplished 
through the identification and monitoring of critical process 
and device parameters. These elements, included in Silicon 
Systems design for quality effort, support the development of 
robust design rules which are as insensitive as possible to 
manufacturing variation. The result is a product that delivers 
predictable and reliable long term performance. 

Wafer Fab Final Lot Acceptance 

Wafer Probe Monitor 

Prep for Assembly 

Ship to Assembly 

Assembly Gates & Monitors 

AQLSampie 

Ship to Customer 

D 
o 
6, 

o 
FIGURE 2 

Manufacturing 

Process Control Gates 

Process Control Monitor 

Quality Assurance 
Final Outgoing Inspection 

Process Control Gates and Monitors 



2.4 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 product 
consistency and reliability. The action portion of this program 
is accomplished in three stages: 

1. Identification of defects by failure mode. 

2. Identification of defect causes and in itiation of corrective 
action. 

3. Measurement of results and setting of improved goals. 

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

2.5. COMPUTER AIDED MANUFACTURING CONTROL 

Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification. control, collection and 
dissemination of timely data for logistics control. Silicon 
Systems also uses this type of computerized system for 
statistical process control and manufacturing monitoring. 
PROMIS, the 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. 
PROM IS allows for a paperless facility, which assists in 
minimizing contamination of clean room areas. 

The PROMIS system has been configured to meet the 
specific requirements of Silicon Systems. 

SECTION 3: RELIABILITY 

3.1 RELIABILITY PROGRAM 

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 

2. Production Monitors 

3. Evaluations 

4. Failure Analysis 

5. Data collection and presentation for improvement 
projects 
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3.2 QUALIFICATIONS 

The application of this program ensures that all new product 
designs, processes, and packaging configurations meet the 
absolute maximum ratings of design and the worst case 
criteria for end use. A large database generated by means of 
accelerated stress testing resu~s in a high degree of confi
dence in determining final use performance. 

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 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. 

3_4 EVALUATIONS 

The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design, process param
eters, and package of a new product. This program continu
ously analyzes updated performance characteristics of prod
uct as they undergo improvement projects at Silicon Systems. 

3.5 FAILURE ANALYSIS 

The failure analysis function is an integral part of the Reliabil
ity department at Silicon Systems. Silicon Systems has 
assembled a high 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 corrective 
action for improvement. These test analyses may include 
metallurgic, optical, chemical, electrical, and SEM with X-ray 
dispersive analysis as needed. 

These conclusive in-house testing and analysis techniques 
allow Silicon Systems to monitor all aspects of product 
manufacturing to ensure that the product of highest quality is 
shipped to our customers. 

3.6 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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TEST CONDITIONS PURPOSE OF EVALUATION 
Biased temperature/humidity S5°C/S5° %RH Resistance to high humidity with bias 
High temperature operating life (HTOL) MilSS3C, Method 1005 Resistance to electrical and thermal stress 
Highly accelerated stress test (HAST) SSI Method Evaluates package integrity 
Steam pressure 121°C/15PSI Resistance to high humidity 
Temperature cycling MilSS3C, Method 1010 Resistance to thermal excursion (air) 
Thermal shock MilSS3C, Method 1011 Resistance to thermal excursion (liquid) 
Salt atmosphere Mil SS3C, Method 1009 Resistance to corrosive environment 
Constant acceleration Mil SS3C, Method 2001 Resistance to constant acceleration 
Mechanical shock Mil SS3C, Method 2002 Resistance to mechanical shocks 
Solderability Mil SS3C, Method 2003 Evaluates solderability of leads 
Lead Integrity Mil SS3C, Method 2004 Evaluates lead integrity before board assembly 
Vibration, variable frequency Mil SS3C, Method 2007 Resistance to vibration 
Thermal resistance SSi Method Evaluates thermal dissipation 
Electrostatic damage Method 3015 Evaluates ESD susceptability 
Latch-up SSi Method Evaluates latch-up susCeptibility 
Seal fine and gross leak Mil Std SS3C, Method 1014 Evaluates hermeticity of sealed packages 

TABLE 1: Reliability Stress Tests 

3.7 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-SS3C 
as shown in Table 3. 

3.8 RELIABILITY PREDICTION METHODOLOGY 

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

The model basically states FR = A exp(-EatKT) 

Where: 

FR = Failure rate 

A- Constant 

Ea= Activation Energy (eV) 

K = Boltzmann's constant 8.62 x 10.5 eVl degree K 

T = Absolute temperature (degree K) 
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SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 

4.1 ESD PREVENTION 

Silicon Systems recognizes that procedures for the protec
tion of Electrostatic Discharge (ESD) sensitive devices from 
damage by electrical transients and static electricity are vitat 
ESD safe procedures are incorporated throughout all opera
tions which come in contact with these devices. Continuous 
improvement in the ESO protection levels is being accom
plished through the incorporation of increasingly robust pro
tection devices during the circu~ design process. 

Silicon Systems' quality activity incorporates several protec
tion measures forthe control of ESO. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operation, the use of conductive lab coats in all test areas and 
areas which handle parts and the packaging of components 
in conductive or anti-static containers. 
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Silicon Systems 
Packaging Index 
Ordering Information 

DUAL·IN·LlNE PACKAGE (DIP) 

Plastic 

Ceramic 

SURFACE MOUNTED DEVICES (SMD) 

PLCC (Quad) 

Quad (Fine Pitch) 

Small Outline (SOIC) 

Flatpack 

·SON is a 150 mil width package. 

··SOL is a 300 mil width package. 

···SOW is a 400 mil width package. 

····SOM is a 300 mil width package, fine pitch. 
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PINS PAGE NO. 

8,14,16 & 18 8-5 

20, 22, 24 & 24S 8-6 

28,32 & 40 8-7 

8,14,16 & 18 8-8 

22,24 & 28 8-9 

28,32 & 44 8-10 

52&68 8-11 

52 & 100 8-12 

8,14 & 16 SON· 8-13 

16,18,20,24 & 28 SOL·· 8-14 

34 & 36 SOL·· 8-15 

32 SOW··· 8-15 

36 SOM···· 8-15 

44 SOM···· 8-16 

10,24,28 & 32 8-16 



Package Type 8 10 14 16 18 20 22 

Plastic DIP 

300 mil X X X X X 

400 mil X 

600 mil 

Cerdip 

300 mil X X X X X 

400 mil X 

600 mil 

Side Braze 

300 mil X X X X X 

400 mil X 

600 mil 

Small Outline 

150 mil X X X 

300 mil X X 

400 mil 

Flatpack X X 

Chip Carrier X X 

Plastic Quad 

Ceramic Quad 

QFP 
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24 28 32 

S 

X X X 

X X 

S 

X X 

X X 

X 

X X X 

X 

X X 

X 

Silicon Systems 
Packaging Matrix 

Ordering Information 

34 36 40 44 52 68 100 

X 

X 

X 

X X X 

X X X 

X X 

X X 



Silicon Systems 
Communication Products 
Package Types 

DEVICE TYPE P S* 

Plastic 

8817302180 

73K222U 40 

730620 40 

881 7302291/2292 

73M235 

730640 

730631 

8817302404 

73M214 28 

730215 28 

730216 40 

8817302407 

73M214 28 

730215 28 

730218 40 

730221 32 

8817302417 

73M214 28 

73M215 28 

730219 40 

730225 32 

8817302240 

73K224L 28 

730600 40 

881 7302420/2421 

730680 

730681 

730682 

881 73K2121212L 22,28 

881 73K221/221 L 22, 28 

"Narrow 

PACKAGE TYPE 

H N L W QFP 

Quad 
8mall Fine 

PLCC Outline Pitch 

44 

44 

44 

44 

44 

28 

44 

44 

28 

44 

44 

32 

28 

44 

44 

32 

32 

44 

100 

44 

32 

28 

28 
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DEVICE TYPE P S* 

Plastic 

SSI 73K2221222L 22, 28 

SSI73K222U 40 

SSI73K224L 28 

SSI73K302L 22, 28 

SSI73K322L 22,28 

SSI73K324L 28 

SSI73M214 28 

SSI73M223 16 

SSI73M235 48 

SSI73M376 

SSI 73M450/450F 40 

SSI 73M450U450LF 40 

SSI73M550 40 

SSI 73M650/1650 28,40 

SSI73M1450/2450 28 

SSI73M1550/2550 28 

SSI75T201 22 

S51 75T202l203 18 

551 75T204 14 

S51 75T2089/2090 22 

S5175T2091 28 

S5175T957 22 

551 75T980 8 

SSI75T981/982 22 

S51 78A093A10938 40 

SSI78A207 20 

SSI78P233 24,245 

SSI78P234 20 

SSI78P236 28 

SSI78P2361 28 

SSI78P2362 28 

"Narrow 
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Silicon Systems 
Communication Products 

Package Types 

PACKAGE TYPE 

H N L W QFP 

Quad 
Small Fine 

PLCC Outline Pitch 

28 

44 

32,44 

28 

28 

28 

44 

28 

44 

44 

44 

28,44 

28 

28 

16L 

28 

24L 

16L 

44 

24L 

20L 

. 
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PRODUCT CATEGORY II DEVICE RELEASE II I NUMBER 
TYPE LEVEL OF 

32B HDD Interface I 3 or4 Digits (Revision) CHANNELS 
32C HDD Controller A through E 
32D HDD Data Recovery 
32H HDD Head Positioning 
32M HDD Motor Speed Controller • MODIFIERS 
32P HDD Pulse Detection 

~ 132R HDD ReadlWrite Amp J Burn-In (168 Hours) 
34B FDD Interface K Burn-In (48 Hours) 
34D FDD Data Recovery LJ Low Noise Burn-In (168 Hours) 
34P FDD Pulse Detection L Low Power 
34R FDD ReadlWrite Amp LN Low Noise 
35P Tape Drive Pulse Detection LQ Low Noise, ReSistor, Mirror Image 
73D Modem Device Set LR Low Noise, Resistor 
73K K-Series Modem M Mirror Image 
73M Modem/Modem Support S Serial Version 
75T Tone Signaling SL ' Low Power Serial 
78A Analog Telecom R Damping Resistor 
78P Digital Telecom RM Resistor, Mirror Image 

U On-Chip UART 

Cannot use A-E in left position 

PACKAGE TYPE 

C Side-Brazed Ceramic 
D Ceramic Dip 
F Flat Pack 
G QFP (25 mil, pitch) 
H PLCC 
P Plastic Dip 
T Metal Can 
S Plastic, Skinny Dip 
N Small Ou1l1ne, Narrow (150 mil,) 
L Small Outline, Large (300 miL) 
W Small Outline, Wide (400 mil,) 
M Small Outline, Large (31,6 miL pitch) 

TEMPERATURE RANGE 

C Commercial (0 ·C to +70 ·C) 
I Industrial (-40·C to +85 ·C) 

M Military (-55·Cto +125·C) 

Z(J)cn c S' _. 
3:::J = 
C"c.(') 
CD I» 0 .... a::::J 
5?-ccn -.... ~ _. 0 ......... 
:!. c. 0 
-c'" _. CD 
0(')3 :::J-

3:0 
I» .... 
S -s· 

CQ 



--.----t-----,' .050 (1.270) 

.215(5.481) ~ 

.1~ (3.680) __ ~ 

.J: !;.B~OI ' • .15 I 

JI-I !--.,00lYP.(2.540) 

I.- .015 (0.381) 
~ 

S-Pin Plastic 

.770(19.558) 

.745(18.923) 

Package Information 

.g7g(A·~8) 
,I (. I) 

P H H H H H DO. .200I~OBO) ±; ~ _t 
.150118'0) 
~ 

-l I-- ""TYP. (2.540) 

II~ .mSIOM1) 

1r~ 

-t 

8-5 

.710 (19.558) 

.745(18.923) 

I 
A 

H H H H H H 

'°r'f·ra~' .0 ~ 0, ) 

_t 
-t 

I-- ., .. TYP. I'.""') 

14-Pin Plastic 

16-Pin Plastic 

1S-Pin Plastic 



Package Information 
(Plastic DIP) 

-DD~858)* 
~ 

PIN NO. t .24Q (6.096) 
IDENT. ~ 

1.CMO(28.416) 
1.010 (25.6541 

* '.'''(30.3531 
••• 75(2 .... 5) 

. '0(3.556) I 
*.'35(3.4211) --L \ 1 
.\""'(5.o801~WFm*!!g~ I ~ \ 

'mI.::&::~ 11-1 I-'.~_ ~ I 1Il1llll ~ 
-i1-=:1lllI - ~ •• 

~~."-t--.[ : : : :: : : l~ 
1.100 27.940 . 
'.060 (27.'32, 

:~!~:~!~WWfMFfj =F 
.'GO('.064, -t 
.• 20(3 .... ' 

//-11:" TYP. (2."', \ ~'5. 
-1r- .023(0 .... ' r--

~,~: : : : : : : : : : B~ 
1.290 (32.7H1 
1.200(30.480) 

=h~T 1M r-.'OOTYP.(2~ 

-1r-::W 
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20 Pin Plastic 
*245 Pin Plastic 

22-Pin Plastic 

24-Pin Plastic 



Package Information 

':lO0(35.052) 28-Pin Plastic 

1025(<1.275) 32-Pin Plastic 

2.020(5'.3001 40-Pin Plastic 
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-0-,-
.325~t2551 

PIN NO.1"· .366 
IDENT. -L-

0.550 13.070 
0.380(·· ... 1 

8-Pin Cerdip 

0.830 (21.(82) 

Package Information 
(Cerdip) 

0.332 
0280 

MN 

0.770 (19.558) 
0.600 117.526) 

t 

0.020 f-------j~ 

==: "II":: 
.'00TVP-j r- -, 1-1 r- ~ 

0.038(0.966) 0.125 (3.175) 1)..15-
M .. ~ 

0.332 (8.433) 
0.280 (7." 21 

14-Pin Cerdip 

0.332 ('.433) 
0.280(7.112) 

0.325 (8255) 
0.290(7.366) 

0.012 (O~061 ~ 
0.008 (0.293) ~ 

--

16-Pin Cerdip 

0 .... 
MAX 

0.930 23.622) MAX 
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O.012~ 
"Ul!IlB" 

18-Pin Cerdip 



Package Information 

PINNO.,-Dr-I 
IDENT. .~. 

1.120 (28448) MAX 

0.010 (0.254) Mi~ 

~~::~T:qTm~-!-:-:-:~~~l 
0.175 (4.4451 

II 0.125 (3.17S) 

.100TVP. (2.5401-1 r- II 
0.060 (1.524) 0.023 (0.584) 
0.038 (0.965) 0.015 (0.381) 

~,J ~ ~ ~ ~ ~ ~ ~ ~ ~] J ,-~~- 'I 

'."~"'~g 0190(-48.26) 

0.070 (l.ns)K O.OM(2.1~9) 
O.020 IO,"'IT ~ 

0.175( •. 445) 

I I II II 0'''13'75) 

0.432 (10.973) 
MAX 

0.632 (16.1)53) 

"AX 

0.625 (15.875) I 
"AX 

I 

O.OZl(O.584~_I~ 
0.015(0.381) ~ U 

.100TYP. 0.060 (1.524) 0023(0.56-4) I 
(2.540) O.().38{O.965) 0.015(0.381) 0.15"---j --

~~,1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~] 
I· ,-~."" ,: 

0.632(16053) 

"AX 

0.625(15.87:5) 
MAX 

'~g"90I"'26) ::;;,:~:;m -L 0.08512.'59) 

T 0.175(4.445) 

I I II II 0.12513.175) 

.100TYP. 0060(1.524) O.02J(0584) 
(2.54O) 0.036(0.965) O.015{O.J81) 

0023{O.584~+ 

)~ 
0.015(0.381) 
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22-Pin Cerdip 

24-Pin Cerdip 

28-Pin Cerdip 



895 (17.M5) 

:'117.399) 

495(1'''" 
:"'(12.32) 

Package Informda)tion 
PLCC (Qua 

.065 11.651) 

.075(1 .... ) 0:1 

28-Pin Quad 
PLCC 

32-Pin Quad 
PLCC 

~7' (1.9." ""] 
,065(U51, ~ ~t --- , , "'-- t1 -'-T ::::~:: -J -=r..,~ J --LJ L -.J \.- .... (1.21.' ~ ~~. -. """"'-

.I!58IUI.662) 

I~ ____ - =:::::: ~ 
I 
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.020(0.508) 

.&90114.9116) 
~ 

44-Pin Quad 
PLCC 



.785 (19.939) 

.795 (20.193) 

.985 (25.019) 

.995 (25.273) 

Packa I ge nformation 

n~ :~~~g::~~: 
.165(4.191) \~ I ... ..., _____ I 

U t 
~ r .050TYP(1·j~)L ~ .016 (0.406) .045 (1.140) 

.020 (0.508) .020 (0.508) 

.690 (17.272) 

.730 (18.542) 

52-Pin Quad PLCC 

.075 (1.905) m .065(1651)1 

.165(4.191) \ ~. V -, ~-

r .050TYP(1.j~) L ~ I 
.016 (0.406) .045 (1.140) 
.00Q (0.508) .020 (0.508) 

.890 (22.606) 

.930 (23.622) 

68-Pin Quad PLCC 
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Package Information 
Quad (Fine Pitch) 

~
.(9.630) ----l 
~~I 

\~ ~ 
.08412.13) 

:::: I -l ~; 
.542(13.77) I .. ~ . 

.772(19.82) 
:7iijiO,iij" 

t--------::~~:.:--------t 

8-12 

52-Lead Quad Fine Pitch 

100-Lead Quad Fine Pitch 



Package Information 
(SON) 

-1 r- .050 TYP. (1.270) 

.200 (5.080) 

.185 (4.699) 

* .160 (4.064) 

.150 (3.810) 

V 

.010 (0254) 

.070 (1.778) t~ I .003(0.076) 

.060 (1.524) ~ Q.J=LR..H.Q~ 

.016nOm(0.40)--j f-- 1 

-1 r- .050 TYP. (1.270) 

0.3SO (8.890) 

0.330 (8.382) 

.010 (0.254) 

.069(1.75) rffiEBhBEE 1.004 (0.10) 

.053(1.35) L ~ 

..j j..-.016 nom (0.40 

-1 r- .OSOTYP. (1.270) 

.160 (4.064) 

.1SO (3 810) 

~~~.1 -1!;=;=n=n=n=;=;=;=;r=;=r=;=;!I-.L 

.400 (10.160) 

.360 (9.652) 

. .010 (0.254) 

.070(1.778)rE~::;:;::;:;~~~~~~, 1.003(0.076) 

.060(1.524)L~-L 

-.j j..-.016nOm(o.40) t 

~ 

r 
\ 

245 (6.223) 

230 (5.842) 

.185 (4.699) 

.170 (4.318) 

.244 (6.20) 

.228 (5.80) 

.245 (6.223) 

.230 (5.842) 

I 
J 

( i 

f.':= 

~ I,--_~J~ 
.185 (4.699) 
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8-Pin SON 

14-Pin SON 

16-Pin SON 



Package Information 
(SOL) 

-1 ~ .050 TYP. (1.270) 

I •. 305J747) 

.285 (7.239) 

PINNO.l_ t 

"~ F::~::-1 
.010 (0.254) 

.110(2.794) rc::::::J I .003(0.076) 

.092(2.336)L~~ 

-.j ~.016nOm(0.40) f 
16-Pin SOL 

-1 r- .OSOTYP. (1.270) 

--,--
.305 (7.747) 

.285 (7.239) 

r 
~ 

, 
.420 (10.668) 

.390 (9.906) 

.335 (8.509) 

.320 (8.128) 

.420 (10.668) 

.390 (9.906) 

\ 
I ~ 

-1 r-.OSOTYP.(1.270) 

II .285 (7.239) 

PINNO.l_~::;::;::;::;::;::;::;::;::;::;::;::;::;::;:::;::;J' ~ 

BEVEL F .465 (11.811) J U U I 
.445 (11.303) I 

C .010(0.254) 

.110(2.794) ~ 1.003(0.076) 

.092(2.336) ~--L 

--I j..-.016 nom (0.40) f 
18-Pin SOL 

--I r-.05OTYP.(1.270) 

-,-
.305(7.747) 

.285 (7.239) 

~~~"-F '515(13'081)~-'- ~ iL-___ ...I) p ~~V~'I-F .015(15.021) U U U ul--L 
.495(12.573) .335 (8.509) .595(15.113) ~ 

.320 (8.128) .010(0.254) C .010(0.254) L~ 
~ 

- .110(2.790) ~OO3(0.070) .110(2.790) 1.003(0.076) ~.~.~ ~.~~ ~~ ~~ 

-~ --L -~ 
_ I I _ ---. -.J j...016 nom (0.40) -r 

--J ~ .016 nom (0.40) I I 

20-Pin SOL 

-1 r- .050 TYP. (1.270) 

--,--
.305 (7.747) 

.285 (7.239) 

PINNO.l_ -'-

BEVEL F .715(18.161) U U U U U I 
.695(17.653) ~ 

.010 (0.254) 

.110(2.79O)t~ 1.003(0.076) 

.092(2.336)L~--L 

--I j..-.016 nom (0.40) f 
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24-Pin SOL 

28-Pin SOL 



Package Information 
(SOL/SOM/SOW) 

-1 r-.050lYP.( • .270) 

~,J~ ~::~:::::::::: :i~ I U U U U U U .820(20."'8) U U U U U U I 
r--.7lI6(2O.'.3)~ 

.013 (0.330) 

'''0(2'790)r~ •. 003(0.076) 
.092(2.338) L -

--..J 1-+,0'.h~(0.")lYP. f 

-H-·o.s.om -1 r-.04OTYP.( •. ~ 

D :r:-
~ 

PINNO •• _ --L 

~ F::::~~ 
C .0039(0.'0) 

.0925(2.35) ~~ 1_0 •• 8 (0.30) 

.• 060 (2.S9) ~U-U-U-U-U--lJ-U-L 

j l.0'6~.40)TYP_t 

f 
.420 ('0.668) 

'380J~) 

32-Pin SOW 

34-Pin SOL 

36-Lead SaM 
(Fine Pitch) 

.110(2.790) I r-:o C~ .003(0.076) 

.092(2.338) LL'O(0.254) --rtrF=====Rl ~ .007(.'7) 

j L.03O (0.75) lYP. j L.03t5(0.80)lYP.jL.o.:Ivp. 

T _006(,'5) 

2·Sc:tewees 
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I-

B 

~ 
T 

.0875(2.223rL ~~ r·OCW(o.tO) 

.t054(2 .• niL~H~~--L 

j'l=LHw:l-.... Hw-l=(0.7H5)=l-TV43p. 4j4--l=l-~LI-W"03W.t5-1=(01--l ... 4-) TV.J=l.P.-l=jJ.-l=l-L4=I--I=I-.ot• (0.1) TVP. 

44-LeadSOM 
(Fine Pitch) 

f 
"20 (to .... ) 

~."1"OO) 

~_(t ... ~) ___ -, 

2-8 degrees 

.335( •. 520) 

=( .... 0) 

Package Information 
(Flatpack) 

A ·1 I- A 

n T ; 0 
E L 

D J 1 I; 
T 

~ 

~ ~:~ f-w-j i i ~w~ 
0 Q I I 

~ t T c:::::::J 

T 
Flatpack Flatpack 
24-Leads 10, 28, 32-Leads 

Pkg. Lead 
A B C D E F L Q W Type ent. 

F 10 .900 .015 .045 .090 .200 .004 .250 .074 .250 
.019 .055 max typ .007 .260 typ .260 

F 24 .900 .015 .050 .087 .567 .004 .391 .075 .264 
.019 typ max typ .007 .405 typ .276 

F 28 1.150 .015 .045 .092 .645 .004 .712 .085 .492 
.019 .055 max .655 .007 .728 .078 .508 

F 32 1.150 .015 .045 .092 .745 .004 .812 .085 .492 
.019 .055 max .755 .007 .828 .078 .508 
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~.OO7(.t7) T .000(.t5) 

-I 
:+ r 1 

E L 

:~j 
F 

-.L 
T 
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0690 

Glossary 

ACK - "Acknowledge" character. A transmission control 
character transmitted by a station as an affirmative 
response to the station with which a connection has 
been set up. An acknowledge character may also be 
used as an accuracy control character. 

ACOUSTIC COUPLER - A type of low-speed modem 
interface frequently used with portable terminals. It 
sends and receives data using a conventional tele
phone handset and does not require an electrical con
nection to the line. 

ADAPTIVE DIFFERENTIAL PULSE CODE MODU
LATION (ADPCM) - An encoding technique, standard
ized by the CCITT, that allows an analog voice conver
sation to be carried within a 32K bps digital channel. 
Three or four bits are used to describe each sample, 
which represents the difference between two adjacent 
samples. Sampling is done 8,000 times per second. 

ALGORITH M - A prescribed set of well-defined rules for 
the solution of a problem in a finite number of steps, e.g., 
A full statement of an arithmetic procedure for evaluat
ing sine x to a stated precision. 

AMPLITUDE - Magnitude or size. In waveforms or 
Signals occurring in a data transmission, a complete 
definition of the waveform can be made if the voltage 
level is known at all times. In this case, the voltage level 
is called the amplitude. 

AMPLITUDE MODULATION - Method of modifying the 
amplitude of a sine wave signal in order to encode 
information. 

ANALOG LOOPBACK - A technique used for testing 
transmission equipment that isolates faults to the ana
log signal receiving or transmitting circuitry. Basically, 
where a device, such as a modem, echoes back a 
received (test) signal that is then compared with the 
original signal. 

ANALOG SIGNAL - Signal in the form of a continuously 
varying physical quantity such as voltage, which reflects 
variations in some quantity. 

ANSI- American National Standards Institute. A highly 
active group affiliated with the International Standards 
Organization (ISO) that prepares and establishes stan
dards for transmission codes (e.g., ASCII), protocols 
(e.g., ADCCP), media (tape and diskette), and high 
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level languages (e.g., Fortran and Cobol), among other 
things. 

ANSWERBACK - A reply message from a terminal that 
verifies that the correct terminal has been reached and 
that it is operational. 

APPLICATION LAYER -Thetopofthe seven-layerOSI 
model, generally regarded as offering an interface to, 
and largely defined by, the network user; in IBM's SNA, 
the end-user layer. 

ASCII- American Standard Code for Information Inter
change. A 7-bit binary code that defines 128 standard 
characters for use in data communications. 

ASYNCHRONOUS - Occurring without a regular or 
predictable time relationship to a specified event, e.g., 
The transmission of characters one at a time as they are 
keyed. Contrast with synchronous. 

ASYNCHRONOUS TRANSMISSION - Transmission 
in which each information character, or sometimes each 
word or small block, is individually synchronized, usu
ally by the use of start and stop elements. Also called 
start-stop or character asynchronous transmission. 

ATTENUATION - A decrease in the power of a current, 
voltage, or power of a received signal in transmission 
between pOints because of loss through lines, equip
ment or other transmission devices. Usually measured 
in decibels. 

AUTO-ANSWER - Automatic answering; the capability 
of a terminal, modem, computer, or a similar device to 
respond to an incoming call on a dial-up telephone line, 
and to establish a data connection with a remote device 
without operator intervention. 

AUTO BAUD - The generally used term for automati
cally detecting the bit rate of a start/stop (character 
asynchronous) communication format by measuring 
the length of the start bit of the first character transmit
ted. Some modems extend this to additionally deter
mine the parity in use by stipulating that the first two 
characters from the DTE should be "AT". The word 
autobaud comes from a popular misuse of baud rate to 
mean the same as bit rate. 

AUTODIAL - Automatic dialing; the capability of a 
terminal, modem, computer, or a similar device to place 
a call over the switched telephone network, and estab
lish a connection without operator intervention. 



AUTOMATIC DIALER, OR AUTODIALER - Device spread usage, it is being replaced by IBM's more 
which allows the user to dial preprogrammed numbers efficient protocol, SDLC. 
simply by pushing ,a single button. 

BANDPASS FILTER - A circuit designed to allow a 
single band of frequencies to pass; neither of the cut-off 
frequencies can be zero or infinite. 

BANDWIDTH - 1) The range of frequencies that can 
pass over a given circuit. The bandwidth determines the 
rate at which information can be transmitted through the 
circuit. The greater the bandwidth, the more information 
that can be sent through the circuit in a given amount of 
time. 2) Difference, expressed in hertz (Hz), between 
the highest and lowest frequencies of a transmission 
channel. 

BASEBAND - Pertaining or referring to a signal in its 
original form and not changed by modulation. A 
baseband signal can be analog or digital. 

BASEBAND SIGNALING -Transmission of a digital or 
analog signal at its original frequencies, i.e., a signal in 
its original form, not changed by modulation; can be an 
analog or digital Signal. 

BAUD - A measure of data rate, often misused to 
denote bits per second. A baud is equal to the number 
of discrete conditions or Signal events per second. 
There is disagreement over the appropriate use of this 
word, since at speeds above 2400 bit/s, the baud rate 
does not always equal the data rate in bits per second. 

BELLCORE - Bell Communications Research; organi
zation established by the AT&T divestiture, represent
ing and funded by the BOCs and RBOCs, for the 
purposes of establishing telephone network standards 
and interfaces; includes much of former Bell Labs. 

BERT - Bit Error Rate Test. A test conducted by 
transmitting a known, pattern of bits (commonly 63, 
511, or 2047 bits in length), comparing the pattern 
received with the pattern transmitted, and counting the 
number of bits received in error. Also see bit error rate. 
Contrast with BLERT. 

BINARY CODE -Representation of quantities expressed 
in the base-2 number system. 

BINARY SYNCHRONOUS COMMUNICATIONS - A 
half-duplex, character-oriented data communications 
protocol originated by IBM in 1964. It includes control 
characters and procedures for controlling the establish
ment of a valid connection and the transferof data. Also 
called bisync and BSC. Although still enjoying wide-

BIPOLAR - 1) The predominant signaling method used 
for digital transmission services, such as DDS and T1 , 
in which the signal carrying the binary value success
fully alternates between positive and negative polari
ties. Zero and one values are represented by the signal 
amplitude at either polarity, while no-value "spaces" are 
at zero amplitude. 2) A type of integrated circuit (IC or 
semiconductor) that uses NPN, PNP, and junction 
FET's as the primary active devices, as opposed to 
CMOS, which uses MOS FET's. See Alternate Mark 
Inversion. 

BIT - The smallest unit of information used in data 
processing. It is a contraction of the words "binary digit." 

BIT ERROR RATE (BER) - In data communications 
testing, the ratio between the total number of bits 
transmitted in a given message and the number of bits 
in that message received in error; a measure of the 
quality of a data transmission. 

BITS PER SECOND (BIT/S) - Basic unit of measure for 
serial data transmission capacity; Kbit/s, or kilobits, for 
thousands of bits per second; Mbitls, or megabit/s, for 
millions of bits per second, etc. 

BOC - Bell Operating Company. One of 22 local tele
phone companies spun off from AT&T as a result of 
divestiture. The 22 operating companies are divided 
into seven regions and are held by seven RBHCs 
(Regional Bell Holding Company). 

BROADBAND - Referring or pertaining to an analog 
circuit that provides more bandwidth than a voice grade 
telephone line, i.e., acircuitthat operates at a frequency 
of 20 kHz or greater. Broadband channels are used for 
high-speed voice and data communications, radio and 
television broadcasting, some local area data networks, 
and many other services. Also called wideband. 

BUFFER - A storage medium or device used for holding 
one or more blocks of data to compensate for a differ
ence in rate of data flow, ortime of occurrence of events, 
when transmitting data from one device to another. 

BUS - 1) Physical transmission path or channel. Typi
cally an electrical connection, with one or more conduc
tors, wherein all attached devices receive all transmis
sions atthe same time. Local network topology, such as 
used in Ethernet and the token bus, where all network 
nodes listen to all transmissions, selecting certain ones 
based on address identification. Involves some type of 
contention-control mechanism for accessing the bus 
transmission medium. In data communications, a net-
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work topology in which stations are arranged along a 
linear medium (e.g., a length of cable). 2) In computer 
architecture, a path over which information travels 
internally among various components of a system. 

BYTE - Group of bits handled as a logical unit; usually 8. 

CABLE - Assembly of one or more conductors within a 
protective sheath; constructed to allow the use of con
ductors separately or in groups. 

CALL PROGRESS DETECTION (CPD) - A technique 
for monitoring the connection status during initiation of 
a telephone call by detecting presence and/or duty 
cycle of call progress signaling tones such as dial-tone 
or busy signals commonly used in the telephone net
work. 

CALL PROGRESS TONES - Audible signals returned 
to the station user by the switching equipment to indi
cate the status of a call; dial tones and busy signals are 
common examples. 

CCITT - Comite Consultatif International de Telephonie 
et de Telegraphie. Telegraph and Telephone Consul
tive Committee. An advisory committee to the Interna
tional Telecommunications Union (ITU) whose recom
mendations covering telephony and telegraphy have 
international influence among telecommunications en
gineers, manufacturers, and administrators. 

CENTRAL OFFICE (CO) - See Exchange 

CHANNEL BANK - Equipment typically used in a tele
phone central office that performs multiplexing of lower 
speed, digital channels into a higher speed composite 
channel. The channel bank also detects and transmits 
signaling information for each channel, and transmits 
framing information so that time slots allocated to each 
channel can be identified by the receiver. 

CHANNEL SERVICE UNIT (CSU) - A component of 
customer premises equipment (CPE) used to terminate 
a digital circuit, such as DDS orT1 at the customer site; 
performs certain line-<;onditioning functions, ensures 
network compliance per FCC rules and responds to 
loopback commands from central office; also, ensures 
proper ones density in transmitted bit stream and per
forms bipolar violation correction. 

CHANNEL, VOICE GRADE - Channel suitable for 
transmission of speech, analog data, or facsimile, gen
erally with a frequency range of about 300 to 3000 Hz. 
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CHARACTER - Letter, fiQure, number, punctuation, or 
other symbol contained in the message. In data com
munication, common characters are defined by 7- or 8-
bit binary codes, such as ASCII. 

CHIP - A commonly used term which refers to an 
integrated ciruit. 

CIRCUIT, TWO-WIRE - A circuit formed by two con
ductors insulated from each other that can be used as 
either a one-way or two-way transmission path. 

CLOCK - In logic or transmission, repetitive, precisely 
timed signal used to control a synchronous process. 

CMOS - Complementary Metal-Oxide Semiconductor. 
A type of transistor, typicalily used in low-power inte
grated circuits. 

COAXIAL CABLE - Cable consisting of an outer 
conductor surrounding an inner conductor, with a layer 
of insulating material in between. Such cable can carry 
a much higher bandwidth than a wire pair. 

CPE - Customer Premises Equipment 

CROSSPOINT - 1) Switching array element in an 
exchange that can be mechanical or electronic. 2) Two
state semiconductor switching device having a low 
transmission system impedance in one state and a very 
high one in the other. 

CROSSTALK - Interference or an unwanted signal 
from one transmission circuit detected on another, 
usually an adjacent circuit. 

CYCLIC REDUNDANCY CHECK (CRC) - A powerful 
error detection technique. Using a polynomial, a series 
of two 8-bit block check characters are generated that 
represent the entire block of data. The block check 
characters are incorporated into the transmission frame, 
then checked at the receiving end. 

DATA COMMUNICATIONS EQUIPMENT (DCE) -
Equipment that performs the functions required to con
nect data terminal equipment (DTE) to the data circuit. 
In a communications link, equipment that is either part 
of the network, an access-point to the network, a 
network node, or eqUipment at which a network circuit 
terminates; in the case of an RS-232C connection, the 
modem is usually regarded as DCE, while the user 
device is DTE, or data terminal eqUipment; in a CCITT 
X.25 connection, the network access and packet
switching node is viewed as the DCE. 



DATA LINK - Any serial data communications trans
mission path, generally between two adjacent nodes or 
devices and without any intermediate switching nodes. 

DATA SET - A synonym for modem used by AT&T and 
a few other vendors. 

DATA SERVICE UN IT (DSU) - A device that replaces 
a modem on a Digital Data Service (DDS) line. The data 
service unit regenerates the digital signals fortransmis
sion over digital facilities. 

DATA TERMINAL EQUIPMENT (DTE) - Equipment 
which is attached to a network to send or receive data, 
generally end-user devices, such as terminals and 
computers, that connect to DCE, which either generate 
or receive the data carried by the network; in RS-232C 
connections, designation as either DTE or DCE deter
mines signaling role in handshaking; in a CCITT X.25 
interface, the device or equipment that manages the 
interface at the user premises; see DCE. 

dB - Decibel; unit for measuring relative strength of a 
signal parameter such as power, voltage, etc. The 
number of decibels is twenty times the logarithm (base 
10) of the ratio of the power of two signals, or ratio of the 
power of one signal to a reference level. 

dBm - Decibels relative to one milliwatt. 

DDS - 1) Digital Data Service. A digital transmission 
service supporting speeds upto 56 KbiUs. 2) Dataphone 
Digital Service. An AT&T leased line service offering 
digital transmission at speeds ranging from 2400 to 
56 Kbitls. 

DELAY DISTORTION -The change in a signal from the 
transmitting end to the receiving end resulting from the 
tendency of some frequency components within a 
channel to take longer to be propagated than others. 

DIAL-UP -The process of, or the equipment or facilities 
involved in, establishing a temporary connection via the 
switched telephone network. 

DIAL TONE (DT) - Signal sent to an operator or sub
scriber indicating that the switch is ready to receive dial 
pulses. 

DIGITAL - Referring to communications procedures, 
techniques, and equipment whereby infonnation is en
coded as either binary "1" or "0"; the representation of 
information in discrete binary form, discontinuous in 
time, as opposed to the analog representation of infor
mation in variable, but continuous, waveforms. 

DIGITAL LOOPBACK - A technique for testing the 
digital processing circu itry of a communications device. 

It may be initiated locally, or remotely via a telecommu
nications circuit. The device being tested will echo back 
a received test message, after first decoding and then 
re-encoding it, the results of which are compared with 
the original message. 

DIGITAL SIGNAL - Discrete or discontinuous Signal; 
one whose various states are discrete intervals apart. 

DIP - Dual-In-Une Package. Method of packaging 
electronic components for mounting on printed circuit 
boards. 

DISTORTION - The modification of the waveform or 
shape of a signal caused by outside interference or by 
imperfections ofthe transmission system. Mostforms of 
distortion are the result of the characteristics of the 
transmission system to the different frequency compo
nents. 

DOTTING, DOUBLE DOTTING, PATTERN -The term 
"dotting" was coined by Bell to describe a data pattern 
consisting of alternate marks and spaces. The CCITT 
uses the full description of "alternating binary ones and 
zeros" on first needing this idea in a recommendation, 
but then abbreviate this to ·reversals." By extrapolation, 
"double dotting" has come into use to refer to the data 
pattern tenned "S1" which is used in V.22bis to indicate 
2400 bitls capability. The full description is "unscrambled 
double dibit 00 and 11 at 1200 biUs for 100 + 3 ms." 

DS-1 - Digital Signal level 1 ; telephony term describing 
a digital transmission format in which 24 voice channels 
are multiplexed into one 1.544 MbiUs (U.S.) T1 digital 
channel. 

DS-3 - Digital Signal level 3; telephony term describing 
the 44.736 MbiUs digital signal carried on a T3 facility. 

DTMF - Dualtone Multifrequency (DTMF) - Basis for 
operation of most push button telephone sets. An in
band signalling technique in which a matrix combination 
of two frequencies, each from a group of four, are used 
to transmit numerical address information; it encodes 
16 possiblecombinationsoftone pairs using two groups 
of four tones each. The two groups of four frequencies 
are 697 Hz, 770 Hz, 852 Hz, and 941 Hz, and 1209 Hz, 
1336Hz,1477 HZ,and 1633 Hz. DTMF is used primary 
for call initiation in GSTN telephone applications. 

ECHO - The distortion created when a transmitted 
signal is reflected back to the originating station. 
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ECHO CANCELLER - A devise used to reduce or 
eliminate echo. It operates by placing a signal that is 
equal and opposite to the echo signal on the return 
transmission path. 

ECHO SUPPRESSOR - A mechanism used to sup
press echoes on long-distance analog connections. 
The device suppresses the transmission path opposite 
in direction to the one being used. This feature, although 
necessary for voice transmission, often interferes with 
data transmission. 

EIA - Electronic Industries Association 

EIA INTERFACE, EIA232D, RS 232C - The logical, 
electrical and physical characteristics of the connection 
between a DTE and a modem is set out in EIA specifi
cation 2320. Previously this has been known as RS232C. 
The logical characteristics are essentially similar to 
those specified in CCITT recommendation V.24 and the 
electrical characteristics to those in V.2B. 

ELECTROMAGNETIC INTERFERENCE (EMI) -
Radiation leakage outside a transmission medium that 
results mainly from the use of high-frequency wave 
energy and signal modulation. EMI can be reduced by 
appropriate shielding. 

EMI - See Electromagnetic Interference. 

ENVELOPE DELAY - An analog line impairment 
involving a variation of signal delay with frequency 
across the data channel bandwidth. 

EQUALIZATION - The introduction of components to 
an analog circuit by a modem to compensate for the 
attenuation (signal loss) variation and delay distortion 
with frequency (attenuation equalization) and propaga
tion time variations with frequency (delay equalization). 
Generally, the higher the transmission rate, the greater 
the need for equalization. 

ERROR - In data communications, any unwanted 
change in the original contents of a transmission. 

ERROR BURST - A concentration of errors within a 
short period of time as compared with the average 
incidence of errors. RetransmiSSion is the normal cor
rection procedure in the event of an error burst. 

ERROR CONTROL - A process of handling errors, 
which includes the detection and in some cases, the 
correction of errors. 

EXCHANGE - Assembly of equipment in a communica
tions system that controls the connection of incoming 
and outgoing lines, and includes the necessary signal-
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ing and supervisory functions. Different exchanges, or 
switches, can be costed to perform different functions, 
e.g., Local exchange, trunk exchange, etc. See Classof 
Exchange. Also known as Central Office (U.S. Term). 

EXCHANGE, PRIVATE AUTOMATIC BRANCH 
(PABX) - Private automatic telephone exchange that 
provides for the switching of calls internally and to and 
from the public telephone network. 

EXCHANGE, PRIVATE BRANCH (PBX) - Private, 
manually operated telephone exchange that provides 
private telephone service to an organization and that 
allows calls to be transmitted to or from the public 
telephone network. 

EXCHANGE AREA - Area containing subscribers 
served by a local exchange. 

II 
FILTER - Circuit designed to transmit signals of fre
quencies within one or more frequency bands and to 
attenuate signals of other frequencies. 

FIRMWARE - Permanent or semi-permanent control 
coding implemented at a micro-instruction level for an 
application program, instruction set, operating routine, 
or similar user-oriented function. 

FLOW CONTROL - The use of buffering and other 
mechanisms, such as controls that turn a device on and 
off, to prevent data loss during transmission. 

FOUR-WIRE CIRCUIT OR CHANNEL - A circuit con
taining two pairs of wire (or their logical equivalent) for 
simultaneous (Le., full-duplex) two-way transmission. 
Contrast with two-wire channel. 

FRAME - 1) A group of bits sent serially over a commu
nications channel; generally a logical transmission unit 
sent between data-link-layer entities that contain its 
own control information for addressing and error check
ing. 2) A piece of equipment in a common carrier office 
where physical cross connections are made between 
circuits. 

FRAMING - Control procedure used with multiplexed 
digital channels such as T1 carriers, whereby bits are 
inserted so the receiver can identify the time slots 
allocated to each subchannel. Framing bits can also 
carry alarm signals indicating specific alarm conditions. 

FREQUENCY - Rate at which an event occurs, mea
sured in hertz, kilohertz, megahertz, etc. 



FREQUENCY BANDS - Frequency bands are defined HERTZ (Hz) - A measure of electromagnetic frequency; 
arbitrarily as follows: one hertz is equal to one cycle per second. 

Range (MHz) 

0.03-0.3 
0.3-3.0 
3-30 
30-300 
300-3000 
3000-30,000 

Name 

Low frequency (LF) 
Medium frequency (MF) 
High frequency (HF) 
Very High frequency (VHF) 
Ultra high frequency (UHF) 
Super high frequency (SHF) (micro 
wave) 

HF - High Frequency. 

HIGH FREQUENCY (HF) - Portion of the electromag
netic spectrum, typically used in shortcwave radio appli
cations. Frequencies in the 3 to 30 MHz range. 

Hz - See Hertz. 

30,000-300,000 Extremely high frequency a 
(EH F) (milli meterwave) 

FSK - Frequency Shift Keying. A method of modulation 
that uses two different frequencies, usually phase 
continous, to distinguish between a mark (digital 1 ) and 
a space (digital 0) when transmitting on an analog line. 
Used in modems operating at 1200 bitls or slower. 

FULL-DUPLEX - Pertaining to the capability to send 
and receive simultaneously. 

IEEE - Institute of Electrical and Electronics Engineers. 

INITIALIZE - To set counters, switches, addresses, or 
contents of storage to zero orotherstarting values atthe 
beginning of, or at prescribed points in, the operation of 
a computer routine. 

INTERFACE -A hardware and/orsoftware link between 
two devices. The interface defines all signal character
istics and other specifications for physical interconnec
tion of the devices. 

INTEROFFICE TRUNK - Direct trunk between local 
GAIN - Denotes an increase in signal power in transmis- central offices (Class 5 offices), or between Class 2, 3, 
sion from one point to another, usually expressed in dB. or 4 offices; also called intertoll trunk. 

GUARD TONE - In CCITT recommendations V.22 and 
V.22bis, guard tones may optionally be transmitted 
along with the data signal from the answering modem. 
A single frequency of either 1800 or 550 Hz is used and 
the data signal power must be reduced to keep the 
overall energy level the same as for transmission with
out guard tone. The purpose of the guard tone is to 
prevent the high-band data signal from interfering with 
the operation of billing apparatus in certain countries. 

GSTN - General Switched Telephone Network 

m 

ISO - International Organization for Standardization. 

ITU - International Telecommunications Union. The 
parent organization of the CCITT. 

JITIER - Slight movement of a transmission signal in 
time or phase that can introduce errors and loss of 
synchronization for high-speed synchronous communi
cations. See Phase jitter. 

HALF·DUPLEX - Pertaining to the capability to send 
and receive but not simultaneously. KEY PULSING (KP) - Manual method of sending 

HANDSHAKE - An exchange of control sequences 
between two locations to set up the correct parameters 
for transmission. 

HDLC - High-level Data Link Control. Bit-oriented com
munication protocol developed by the ISO (Interna
tional Standards Organization). 

HARMONIC DISTORTION - A waveform distortion, 
usually caused by the nonlinear frequency response of 
a transmission. 

numerical and other signals by the operation of 
nonlocking pushkeys. Also called Key Sending. 

KEY SERVICE UNIT (KSU) - Main operating unit of a 
key telephone system. 

KEY TELEPHONE SYSTEM (KTS) - When more than 
one telephone line per set is required, pushbutton or key 
telephone systems offer flexibility and a wide variety of 
uses, e.g., pickup of several exchange lines, PABX 
station lines, private lines, and intercommunicating 
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lines. Features of the system include pickup and hold- LOADING COILS - An inductance coil installed at regu
ing intercommunications, visual and audible signals, lar intervals along a transmission line. Used to improve 
cutoff, exclusion, and signaling. the quality of voice grade circuits. 

KP - Key Pulse (signaling unlocking signal). See Key 
Pulsing. 

kHz - Kilohertz, kilocycles per second. 

KTU - Key Telephone Unit. See Key Service Unit. 

II 
LEASED LINE - A line rented exclusively to one cus
tomer for voice or data communications; dedicated 
circuit, typically supplied by the telephone company or 
transmission authority, that permanently connects two 
or more user locations and is for the sole use of the 
subscriber. Such circuits are generally voice grade in 
capacity and in range of frequencies supported, are 
typically analog, are used for voice or data, can be point
to-point, or multipoint, and can be enhanced with line 
conditioning. Also called private line, tie line, or dedi
cated faCility. 

LED - Light-Emitting Diode. 

LIGHT-EMITTING DIODE (LED) - Semiconductor 
junction diode that emits radiant energy and is used as 
a light source for fiber optic communications, particu
larly for short-haul links. 

LIMITED-DISTANCE MODEM - A short-haul modem 
or line driver that operates over a limited distance. 
Some limited-distance modems operate at higher 
speeds than modems that are designed for use over 
analog telephone facilities, since line conditions can be 
better controlled. 

LINE HIT - A transient disturbance causing a detectable 
error on a communications line. 

LINE-LOADING -The process of installing loading coils 
in series with each conductor on a transmission line. 
Usually 88 milliHenrY coils installed at 6,000 foot inter
vals. 

LINK - 1) A physical circuit between two points. 2) A 
logical circuit between two users of a packet switched 
(or other) network permitting them to communicate 
(although different physical paths may be used). 

LINK LAYER - The logical entity in the OSI model 
concerned with transmission of data between adjacent 
network nodes. It is the second layer processing in the 
OSI model, between the physical and the network 
layers. 

LOCAL EXCHANGE - Exchange in which subscribers' 
lines terminate. The exchange has access to other 
exchanges and to' national trunk networks. Also called 
local central office, end office. 

LOCAL LOOP - The part of a communications circuit 
between the subscriber's equipment and the equip
ment in the local exchange. 

LOCAL TRUNK - Trunks between local exchanges. 

LOSS (TRANSMISSION) - Decrease in energy of sig
nal power in transmission along a circuit due to the 
resistance or impedance of the circuit or equipment. 

II 
MARK - The signal (communications channel state) 
corresponding to a binary one. The marking condition 
exists when current flows (current-loop channel) or 
when the voltage is more negative than -3 volts (EIA 
RS-232 channel). 

MATRIX - In switch technology, that portion of the 
switch architecture where input leads and output leads 
meet, any pair of which may be connected to establish 
a through circuit. Also called switching matrix. 

Mbit/s - Megabits per second. 

MEGAHERTZ (MHz) - A unit of frequency equal to one 
million cycles per second. 

MF - 1) Medium Frequency. 2) Multifrequency. See 
Dualtone Multifrequency Signaling (DTMF). 

MODEM - A contraction of modulate and demodulate; 
a conversion device installed in pairs at each end of an 
analog communications line. The modem at the trans
mitting end modulates digital signals received locally 
from a computer orterminal; the modem at the receiving 
end demodulates the incoming signal, converting it 
back to its original (i.e., digital) format, and passes it to 
the destination business machine. 

MODULATION - The application of information onto a 
carrier signal by varying one or more of the signal's 
basic characteristics (frequency, amplitude, or phase); 
the conversion of a signal from its original (e.g., digital) 
format to analog format. 
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MODULATION, PULSE CODE (PCM) - Digital trans
mission technique that involves sampling of an analog 
information signal at regular time intervals and coding 
the measured amplitude value into a series of binary 
values, which are transmitted by modulation of a pulsed, 
or intermittent, carrier. A common method of speech 
digitizing using a-bit code words, or samples, and a 
sampling rate of a kHz. 

Ms - Millisecond. One-thousandth of a second. 

network protocol standards to enable any OSI-compat
ible computer or device to communicate with any other 
OSI-compliant computer or device for a meaningful 
exchange of information. 

OVERFLOW - Excess traffic on a particular route, 
which is offered to another (aHernate) route. 

MULTIPLEXER - Device that enables more than one PABX - Private Automatic Branch Exchange. See 
signal to be sent simultaneously over one physical Exchange, Private Automatic Branch (PABX). 
channel. 

MULTIPLEXING - Division of a transmission facility into 
two or more channels either by splitting the frequency 
band transmitted by the channel into narrower bands, 
each of which is used to constitute a distinct channel 
(frequency-division muHiplex), or by allotting this com
mon channel to several different information channels, 
one at a time (time-division multiplexing). 

MUX - See MuHiplexer. 

II 
NAK - "Negative acknowledge" character. A transmis
sion control character that indicates a block of data was 
received incorrectly. 

NOISE - Undesirable energy in a communications path, 
which interferes with the reception or processing of a 
signal. 

Ns - Nanosecond; also nsec. One-billionth of a second. 

OFF HOOK - By analogy with the normal household 
telephone, a modem is off-hook when it is using the 
telephone line to make a call. This is similar to raising 
the telephone handset, or taking it off the hook. Going 
off-hook is also known as "seizing the line." 

ON-HOOK - By analogy with the normal household 
telephone, a modem is on-hook when it is not using the 
telephone line. As with a telephone where the handset 
is on the hook, the line may be used by other equipment 
to make a call. Going on-hook is also known as "drop
ping the line." 

OSI - Open Systems Interconnection. Referring to the 
reference model, OSI is a logical structure for network 
operations standardized within the ISO; a seven-layer 
network architecture being used for the definition of 

PACKET - A group of binary digits including data and 
call control Signals that is switched as a composite 
whole. The data, call control signals, and error control 
information are arranged in a specified format. 

PBX - Private Branch Exchange. See Exchange, 
Private Branch. 

PHASE JITTER - In telephony, the measurement, in 
degrees out of phase, that an analog signal deviates 
from the referenced phase of the main data-carrying 
signal. Often caused by alternating current components 
in a telecommunications network; or: a random distor
tion of signal lengths caused by the rapid fluctuation of 
the frequency of the transmitted signal. Phase jitter 
interferes with interpretation of information by changing 
the timing. 

PHASE MODULATION - One of three ways of mOdify
ing a sine wave signal to make it carry information. The 
sine wave or "carrier" has its phase changed in accor
dance with the information to be transmitted. 

PROPAGATION DELAY - The period between the time 
when a signal is placed on a circuit and when it is 
recognized and acknowledged at the other end. Propa
gation delay is of great importance in satellite channels 
because of the great distances involved. 

PROTOCOL - A set of procedures for establishing and 
controlling communications. Examples include BSC, 
SDLC, X.25, V.42, V.42bis, MNP, V.22bis handshake, 
etc. 

PSK -Phase Shift Keying. A method of modulation that 
uses the differences in phase angle between two sym
bols to encode information. A reference oscillatordeter
mines the phase angle change of the incoming signal, 
which in tum determines which bit or dibit is being 
transmitted. DPSK (Differential Phase Shift Keying) is a 
variation of PSK which changes the phase relative to 
the previous phase. 

9-8 0690 



0690 

PULSE CODE MODULATION (PCM) - A method of 
transmitting information by varying the characteristics 
of a sequence of pulses, in terms of amplitude, duration, 
phase, or number. Used to convert an analog signal into 
a digital bit stream for transmission. 

REGENERATIVE REPEATER -1) Repeater utilized in 
telegraph applications to retime and retransmit the 
received signal impulses and restore them to their 
original strength. These repeaters are speed- and code
sensitive and are intended for use with standard tele
graph speeds and codes. 2) Repeater used in PCM or 
digital circuits which detects, retimes, and reconstructs 
the bits transmitted. 

REGENERATOR - Equipmentthat takes a digital signal 
that has been distorted by transmission and produces 
from it a new signal in which the shape, timing, and 
amplitude of the pulses are that same as those of the 
original before distortion. 

REPEATER -1 ) I n analog transmission, equ ipmentthat 
receives a pulse train, amplifies it and retimes it for 
retransmission. 2) In digital transmission, equipment 
that receives a pulse train, reconstructs it, retimes it, 
and often then amplifies the signal for retransmission. 
3) In fiber optics, a device that decodes a low-power 
light signal, converts it to electrical energy, and then 
retransmits it via an LED or laser-generating light source. 
See also Regenerative Repeater. 

REVERSE CHANNEL - A simultaneous low speed data 
path in the reverse direction over a half-duplex facility. 
Normally, it is used for positive/negative 
acknowledgements of previously received data blocks. 

RINGER EQUIVALENCE NUMBER - This is a number 
that the FCC assigns to approved telecom equipment 
that measures how much load it places on the network 
during ringing. In the U.S.A., you can connect tele
phones, modems, FAX machines etc. In parallel to the 
same telephone line only as long as the sum of their 
ringer equivalence numbers is less than five. Most 
countries have a similar regulating system in force, 
although the methods used to arrive at the number vary 
widely. 

SCRAMBLER/DESCRAMBLER - A scrambler func
tion uses a defined method for modifying a data stream 
in orderto make the altered data stream appear random: 
A descrambler reverses the effect of the scrambler 
using the previously defined method to recover the 
~riginal data stream. Most often used for data encryp
tion, or to avoid transmitting repetitive data patters that 
can adversely affect data recovery in modems and 
other data transmission equipment. 

SDLC - Synchronous Data Link Control. IBM bit ori
ented protocol providing for half-duplex transmission; 
associated with IBM's System Network Architecture 
(SNA). 

SHIELDED PAIR - Two insulated wires in a cable 
wrapped with metallic braid or foil to prevent interfer
ence and provide noise-free transmission. 

~IGNAL-TO-NOISE RATIO - The relative power of a 
signal as compared to the power of noise on a line. As 
the ratio decreases, it becomes more difficult to distin
guish between information and interference. 

SIMPLEX - Pertaining to the capability to move in one 
direction only. Contrast with half-duplex andfull-duplex. 

SIGNALING - Process by which a caller or equipment 
on the transmitting end of a line informs a particular 
party or equipment at the receiving end that a message 
is to be communicated. 

SPACE - Opposite signal condition to a "mark." The 
signal (communications channnel state) corresponding 
to a binary zero. In an EIA RS-232 channel, the spacing 
condition exists when no current flows (current loop 
channel) or when the voltage is more positive than ±3 
volts. 

ST - Start (signal to indicate end of outpulsing). 

START-STOP (SIGNALING) - Signaling in which each 
group of code elements corresponding to a character is 
preceded by a start signal that serves to prepare the 
receiving mechanism for the reception and registration 
of character, and is followed by a stop signal that serves 
to bring the receiving mechanism to rest in preparation 
for the reception of the next character. Also known as 
asynchronous transmission. 

RINGING SIGNAL - Any AC or DC signal transmitted 
over a line or trunk for the purpose of alerting a party at 
the distant end of an incoming call. The signal can 
operate a visual or sound-producing device. 

STOP-BIT - In asynchronous transmission, the quies
RINGI~G. T~NE - Tone received by the calling tele- cent state following the transmission of a character· 
phone mdlcatmgthatthe called telephone is being rung. usually 1-, or 2-bit times long. ' 
Also called Ringback. 
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STOP ELEMENT - Last bit of a character in asynchro
nous serial transmission, used to ensure recognition of 
the next start element. 

SUBSCRIBER LINE - Telephone line connecting the 
exchange to the subscriber's station. Also called 
(U.S.term) access line and subscriber loop. 

SYNCHRONOUS - Having a constant time interval 
between successive bits, characters, or events. Syn
chronous transmission doesn't use non-information bits 
(such as the start and stop bits in asynchronous trans
mission) to identify the beginning and end orcharacters, 
and thus is faster and more efficient than asynchronous 
transmission. The timing is achieved by transmitting 
sync characters prior to data or by extracting timing 
information from the carrier or reference. 

TRUNK -Transmission paths that are used to intercon
nect exchanges in the main telephone network, two 
switching centers, or a switching center and a distribu
tion point, such as a telephone exchange line that 
terminates in a PABX network. 

TTL - Transistor-Transistor Logic. Digital logic family 
having common electrical characteristics. 

TURNAROUND TIME - The time required to reverse 
the direction of transmission, e.g; to change from re
ceive mode to transmit mode in order to acknowledge 
on a haH-duplex line. When individual blocks are ac
knowledged, as is required in certain protocols (e.g., 
IBM BSC) the turnaround time has a major effect on 
throughput, particularly if the propagation delay is 
lengthy, such as on a satellite channel. 

SYNCHRONOUS NETWORK - Network in which all TWO-WIRE CIRCUIT - Circuit formed of two conduc
the communications links are synchronized to a com- tors insulated from each other, providing a send and 
mon clock. return path. Signals may pass in one or both directions. 

SYNCHRONOUS TRANSMISSION - Transmission 
process where the information and control characters 
are sent at regular, clocked intervals sothatthe sending 
and receiving terminals are operating continuously in 
step with each other. 

II 
T-CARRIER - A time-division multiplexed, digital trans
mission faCility, operating at an aggregate data rate of 
1.544 Mbitls and above. T-carrier is a PCM system 
using 64 KbiVs for a voice channel. 

T1 - A digital facility used to transmit a DS-1 formatted 
digital signal at 1.544 Mbitls; the equivalent of 24 voice 
channels. 

VIDEOTEX -An interactive data communications appli
cation designed to allow unsophisticated users to 
converse with remote databases, enter data for trans
actions, and retrieve textual and graphics information 
for display on subscriber television sets or low-cost 
terminals. 

VSLI - Very Large Scale Integration. 

V SERIES RECOMMENDATIONS
(CCITT V.xx Standards) 
Also see Voiceband Modem Standards chart on 
page 9-12. 

V.1 - Definitions of key terms for binary symbol notation, 
T1 CIT2IT3/T4 - Digital carrier facilities used to transmit such as binary 0 = space, binary 1 = mark. 
signals at 3.152M, 6.312M, 44.736M, 274.176 MbiVs, 
respectively. V.2 (1) - Specification of power levels for data transmis-

sion over telephone line. 
T3 - A digital carrier facility used to transmit a DS-3 
formatted digital carrier signal at 44.736 Mbit/s; the V.4 - Definition of the order of bit transmission, the use 
equivalent of 672 voice channels. of a parity bit, and the use of start/stop bits for asynchro-

nous transmission. 

V.5 - Specification of data-signaling rates (bitls) for 
synchronous transmission in the switched telephone 
network. 

TOUCH-TONE - An AT&Ttrademark for dualtone mul
tifrequency signaling equipment. Use of tones simpli
fies the switching system design and greatly expands 
the potential for adding features to telephone systems. 
It also speeds up the dialing operation for a person 
making a call. V.6 - Specification of data signaling rates (biVs) for 

synchronous transmission on leased telephone cir
TRANSCEIVER - Device that can transmit and receive cuits. 
traffic. 

V.7 - Definitions of other key terms used in the V-series 
recommendations. 
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V.10 - Description of an unbalanced physical level 
interchange circuit (unbalanced means one active wire 
between transmitter and receiver with ground providing 
the return). 

V.11 - Description of a balanced physical level inter
change circuit (balanced means two wires between the 
transmitter and receiver with both wires' signals con
stant with respect to Earth). 

V.15 - Description of use of acoustic couplers for data 
transmission. 

V.32 -Operating at9.6 Kbitls, encodesfourconsecutive 
bits (quadbits); the bits are mapped to a QAM signal. 

V.32 - Operating at 9.6 Kbitls with Trellis-coded modu
lation (TCM) , encodes four consecutive bits, two of 
which are used to generate a fifth bit; the bits are 
mapped to a QAM signal. 

V.32 -Operating at 4.8 Kbitls, encodes two consecutive 
bits (dibits), which are mapped to a QAM signal. 

V.42 - Defines a method of error control. 

V.16 - Description of the transmission of ECG (electro- V.42bls - Defines a method of data compression. 
cardiogram) signals on the telephone channel. 

Note: In the United States, EIA RS-496 specifies these 
V.19 - Description of one-way parallel transmission measurements and RS-366 specifies these procedures. 
modems using push-button telephone sets. 

VOICE-GRADE CHANNEL - a channel with a fre
V.20 - Description of one-way parallel transmission quency range from 300 to 3000 Hz and suitable for the 
modems, excluding push-button telephone sets. transmission of speech, data, or facsimile. 

V.22bls - Operating at 1.2 Kbitls, encodes two con
secutive bit (dibits); the dibits are encoded as a change 
relative to the previous signal element. 

V.22bls - Operating at 2.4 Kbitls, encodes four con
secutive bits (quadbits); the first two bits are encoded 
relative to the quadrant of the previous signal element, 
the last two bits are associated with the new quadrant. 

V.24 - Definition of the interchange circuit pins between 
DTEs (data terminal equipment) and DCEs (data cir
cuit-terminating equipment). 

V.25 - (2) - Specifications for automatic-answering 
equipment. 

V.25bls - (2) - Specifications for automatic-answering 
equipment. 

V.28 - Description of unbalanced interchange circuits 
operating below 20 Kbitts. 

V.29 -Operating at 9.6 Kbitls, encodes four consecutive 
bits (quadbits); the first bit determines the amplitude, 
the last three bits use the encoding scheme of V.27. 

V.29 -Operating at 4.8 Kbitls, encodes two consecutive 
bits (dibits); amplitude is constant and phase changes 
are the same as V.26. 

V.31 - Description of low-speed interchange circuits (up 
to 75 Sitts). 

V.31bls - Description of low-speed interchange circuits 
(up to 1.2 Kbitts). 

WORD - A group of bits handled as a logical unit; 
usually 16. 
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Voiceband Modem Standards 
CCITT Data Full-or Channel Carrier Modulation Modulation Bits Synchronous Back GSTN Le ... d EqUalization Scrambler 

Standard Rate HaH· Separation Frequency Melhod Rat. Encodod or Channel Linea 
(Blllo) Duplex (Hz) (Baud) Asynchronous 

V;ZL ,. :100" 'ruil" Frequency 
.1080, & 1750 Frequency 

:100 1:1 ".thor ND Vas: 'No .. ND ND 
'DIvision· Shiff' 

v.zz 1200 Ful Frequency 1200, & 2400 Phase 600 2:1 Ehhor ND V .. Point-to-Point Fixed Yes Division Shift 2·Wire 

v:22 . ..eOO Full Ftequoncy ~200, ~ 2400 PI1uo , 600 1:1: '131110, ·NO V .. PoinMo-Point F"vcod Y .. . OMsion. . Shift·· 2·Wire 

Frequency Quadrature- Point-to-Point Fixodl V.22b1o 2400 Ful 1200, & 2400 Amplitude 600 4:1 Ehhor NO Ves Ves Division Modulation 2-Wire Adaptivo 

1200 . , 
~~p FrOq_ Quadrature-

·600 
.. . PofnHo-Point Fixodl' . 

V.22b1O. 1200, &' 2400 Amplitude 2:1 Eitho< NO Yes V .. · _.DiYiaJon Modulation Z.Wim AdapliVa 

v.u 600 (1) HaW NiA 1300, & 1700 Frequency 600 NiA Either Yes Ves No NO NO Modulation 

V.23 .. 12OC1 (1 ) ·.it .. . :,.NlA 1300, & 2100 FrtC\U9ncy 1200 NiA Ekhor V .. V .. No NO' NO Modullllion 

Pha .. Point-to-Point 
V.25 2400 FuR 4-Wim 1800 Shift 1200 2:1 Synchronous Yes No Mull:poinl: ND NO 

4-Wir. 

V.26bi1a ~4OO lIal . :NiA 1800 Pha .. 1200 2~ Synchronous V .. V .. No Rxed ND Shift 

V.26b1o 1200 HaW NiA 1800 Phase 1200 l:f Synchronous Ves Ves No Fixed NO Shift 

V.26te~ 2400. Ekhor EohCI 1800 Pha .. 1200 2:1 Ehhor NO Yo. Point·to-Polnt Efthor Voo' 
cancellation Shift .2·Wir& 

V.26ter 1200 Ehhor EohCI 1800 Pha .. 1200 l:f Either NO Vo. Point-to-Point 
Ekhor Yes Cancellation Shift 2-Wira 

V;~ 4800 Ehhor NO(l). 1800 Phase . 
1600 ·.3:1 Sinc~nou~ Vas. No .Vos(3) Manual V .... Shift 

V.27b1. 4800 Either 4-Wiro(4) 1800 Phase 1600 3:1 Synchronous Yes No 2-Wire, Adaptive Ves Shift 4--Wire 

V.27bio· 2400 E~hOr 4-Wire'i4) . '1600' Pha .. '1200 2:1 Synchronous V .. No ·2·Wirt, 
~a~v8 Yes. .. Shift 4-Wir& 

V.27ter 4800 HaW No .. 1800 Phaoo 1800 3:1 Synchronous Va. Vo. No Adaptive Ves Shift 

V.27ter .' 2400 Hall' Non. 1800 Phase 
1200 2;1 Synchronous Yes YO$ .No Adaptive YO$ Shift . 

Quadrature- Point-to-Point V.20 9600 Ehhor 4-Wira 1700 Amplhude 2400 4:1 Synchronous No No 4--Wira Adaptive Ves 
Modulation 

v.ziI., 1200 Ekhot 4-Wir& 1700 Phase 2400 3:1 Sync:hronous ND No Point-fo-Poi", Adaf?1ivo . VO$. Shift IS) .... Wira 

V.20 4800 Ekhor 4-W .. 1700 Pha .. 2400 2:1 Synchronous NO No Point·to·PoI", Adaptive Ves Shift(S) 4--Wira 

EohCI. CuadratlJra- PoInHO·Poi", V.32·. 9600 'I'ul 1800 AmprllUde' 2400 4:1 Synchronous NO Va. AdaPtive 'YA 
canCGllation Modulation 2·Wire 

Fun Echo Cuadrature- Point-to-Point V.32b10 14400 (proposed) CancefJation 1800 Amplitude 2400 4:1 Synchronous NO Ves 2-Wira Adaptive Yes 
Modulation 

V.U:·· 9600 "Fuil eOho 
Trellio, 

SynChronous' poinHo-Polnt 'i" canooRstion 1800 Coded 2400 5:1 NO Yes 
2·Wir& 

Adaptive 
Modulation 

EchCI Quadrature- Point-to-Point V.32 4800 Ful Cancelation 1800 Amplitude 2400 2:1 Synchronous NO Yes 2-Wira Adaptive Yes 
Modulation 

V.33 14400 Half Synchronous NO Ves Adaptivs Yes 
Bell (U.s.) Standard 

.103 ·300 .. Ful Froquanoy 1':~!) Frequency 300 '1:1 EkltGr No V .. ..: N~ Fil<td No Division . 2025& Shift 
lD70(.) 

201 2400 Hal Nona 1800 Phase 1200 2:1 Synchronous No Yes Point-to-Point Adaptive Ves Shift 2-Wire 

202': . '1200 . Hal. None 1200"&2200 FSK .. 1200 1:1 'E~ltGr YO$ Y .. Point-to-Point 'Fil<td No 2-Wire 

Cuadratura- Point-to-Point 208 4800 Hal None 1800 Amplitude 1600 3:1 Synchronous No Ves 2·Wire Adaptive Ves 
Modullllion 

212 '1200 Ful Ftequoncy 1200&2400 Pha .. 600 2:f Ehhor No Yo. No F_ V .. Division -- Shift 

1. Bitis not used in specification; rate stated in baud 4. For hall-duplex, 2-wira used 

2. Hall-duplex may still usa a backward channel 5. Amplitude is constant on a ralative basis 

3. Makes no mention o14--wire (must be assumed) NO. Not defined (i.e., not specified in the recommendation) 
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North American 
Regional Offices & Sales Representatives 
EAST NO. CAROLINA MINNESOTA COLORADO 
HEADQUARTERS Refer calls to TMA Allanta, Georgia OHMS Technology, Inc. Lange Sales 
Wayne Taylor, Manager PENNSYLVANIA Minneapolis Littleton Ph: (612) 932-2920 Silicon Systems, Inc. Omni Sales FAX: (612) 932-2918 Ph: (303) 795-3600 
53 Stiles Road Erdenheim FAX: (303) 795-0373 
Salem, NH 03079 Ph: (215) 233-4600 MISSOURI NEW MEXICO Ph: (603) 898-1444 FAX: (215) 233-4702 B. C. Electronics Western High Tech Marketing, Inc. FAX: (603) 898-9538 

VIRGINIA 'Bridgeton Albuquerque 
AlABAMA Burgin-Kreh Associates Ph: (314) 739-6683 Ph: (505) 884-2256 
Technology Marketing Assoc. (TMA) lynchburg FAX: (314) 344-3180 FAX: (505) 884-2258 
Huntsville Ph: (804) 239-2626 OHIO UTAH Ph: (205) 883-7893 FAX: (804) 239-1333 Makin Associates lange Sales FAX: (205) 882-6162 Cincinnati Salt lake City 
CONNECTICUT CENTRAL Ph: (513) 871-2424 Ph: (801) 487-0843 
NRG, Ltd. HEADQUARTERS FAX: (513) 871-2524 FAX: (801) 484-5408 
Fairfield Mike Traviolia, Manager Dublin 
Ph: (203) 384-1112 Silicon Systems, Inc. Ph: (614) 793-9545 NORTHWEST 
FAX: (203) 335-2127 340 W. Butterfield Rd., Suite 4B FAX: (614) 793-0256 HEADQUARTERS 
FLORIDA Elmhurst, Il60126 

Solon Jon Tammel, Manager 
Technology Marketing Assoc. (TMA) Ph: (708) 832-3111 

Ph: (216) 248-7370 Silicon Systems, Inc. 
Orlando FAX: (708) 832-3172 

FAX: (216) 248-7372 2840 San Thomas Exp., Suite 140A 
Ph: (407) 857-3760 Administrative Office: Santa Clara, CA 95051 
FAX: (407) 857-6412 Silicon Systems, Inc. TEXAS Ph: (408) 980-9771 

2201 N. Central Exp., Suite 132 OM Associates, Inc. FAX: (408) 748-9488 Deerfield Beach Richardson, 1)( 75080 Austin TLX: 171-200 Ph: (305) 427-1090 Ph: (214) 669-3381 Ph: (512) 794-9971 
CALIFORNIA FAX: (305) 427-1626 FAX: (214) 669-3495 FAX: (512) 794-9987 
Magna Sales largo Automotive Sales Office: Richardson Santa Clara Ph: (813) 541-1591 Detroit (F AE.) Ph: (214) 690-6746 Ph: (408) 727-8753 FAX: (813) 545-8617 Ph: (313) 462-2133 FAX: (214) 690-8721 FAX: (408) 727-8573 

GEORGIA FAX: (313) 462-2405 Houston OREGON Technology Marketing Assoc. (TMA) 
ILLINOIS Ph: (713) 789-4426 Western Technical Sales Atlanta Phase II Marketing FAX: (713) 789-4825 Beaverton Ph: (404) 446-3565 Rolling Meadows WISCONSIN Ph: (503) 644-8860 FAX: (404) 446-0569 Ph: (708) 806-1330 Phase II Marketing FAX: (503) 644-8200 

MARYLAND FAX: (708) 806-1349 Rolling Meadows, Il WASHINGTON Burgin-Kreh Associates INDIANA Ph: (414) 771-9986 Western Technical Sales Baltimore STB Associates FAX: (414) 771-9935 Bellevue Ph: (301) 265-8500 
Indianapolis Ph: (206) 641-3900 FAX: (301) 265-8536 Ph: (317) 844-9227 SOUTHWEST FAX: (206) 641-5829 

MASSACHUSETTS FAX: (317) 844-1904 HEADQUARTERS Spokane Mill-Bem Associates 
IOWA Mel Marchbanks, Manager Ph: (509) 922-7600 Woburn Cahill, Schmitz & Howe Silicon Systems, Inc. FAX: (509) 922-7603 Ph: (617) 932-3311 Cedar Rapids 454 Carson Plaza Drive, Suite 209 

FAX: (617) 932-0511 Ph: (319) 377-8219 Carson, CA 90745 CANADA Ph: (213) 532-1524, 3499 NEW JERSEY FAX: (319) 377-0958 FAX: (213) 532-4571 BRITISH COLUMBIA 
Technical Marketing Group KANSAS Enerlec 
West Caldwell B.C. Electronics ARIZONA Richmond 
Ph: (201) 226-3300 Western High Tech Marketing, Inc. Ph: (604) 273-0882 
FAX: (201) 226-9518 Kansas City Scottsdale FAX: (604) 273-0884 Ph: (913) 342-1211 Ph: (602) 860-2702 NEW YORK FAX: (913) 342-0207 FAX: (602) 860-2712 ONTARIO 
Electra Sales KENTUCKY Har-Tech 
Rochester Technology Marketing Corp. (TMC) CALIFORNIA Downsview 
Ph: (716) 427-7860 Hadden Associates Ph: (416) 665-7773 
FAX: (716) 427-0614 louisville San Diego FAX: (416) 665-7290 Ph: (502) 893-1377 Ph: (619) 565-9444 East Syracuse FAX: (502) 896-6679 FAX: (619) 565-1802 Nepean 
Ph: (315) 463-1248 Ph: (613) 726-9410 
FAX: (315) 463-1717 MICHIGAN SCCubed FAX: (613) 726-8834 A.P. Associates Thousand Oaks Technical Marketing Group Brighton Ph: (805) 496-7307 QUEBEC 
Melville Ph: (313) 229-6550 FAX: (805) 495-3601 Har-Tech 
Ph: (516) 351-8833 FAX: (313) 229-9356 Pointe Claire 
FAX: (516) 351-8667 Tustin Ph: (514) 694-6110 

Ph: (714) 731-9206 FAX: (514) 694-8501 
FAX: (714) 731-7801 
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EUROPE 
HEADQUARTERS 
R. Sharman, District Sales Mgr. 
Silicon Systems, Inl'l 
Woodpeckers, The Common 
West Chillington 
West Sussex RH20 2PL, UK 
Ph: (44) 79-881-2331 
FAX: (44) 79-881-2117 
TL.X: 878411 SILSYS G 

AUSTRIA 
Allmos GmbH 
Wien 
Ph: (43) 1-627-1953 
FAX: (43) 1-627-102112 

BELGIUM 
Alcorn Electronics BVBA 
Wilrijk 
Ph: (32) 3-828-3880 
FAX: (32) 3-830-5186 

DENMARK 
C-88 
Kokkedal 
Ph: (45) 4224-4888 
FAX: (45) 4224-4889 

ENGLAND 
Pronto Electronic Systems, Ltd. 
liford, Essex 
Ph: (44) 81-554-6222 
FAX: (44) 81-518-3222 
TL.X: 895-4213 PRONTO G 

FINLAND 
KomdelOy 
Espoo 
Ph: (358) 0-885011 
FAX: (358) 0-885-327 
TL.X: 121926 KOMDL SF 

FRANCE 
Datadis, SA 
Massy Cedex 
Ph: (33) 1-69-20-41-41 
FAX: (33) 1-69-20-49-{)0 
TL.X: 603167 F 

GERMANY 
Atlantik Elektronik GmbH 
Martinsried 
Ph: (49) 89-857-{)000 
FAX: (49) 89-857 -3702 
TWX: 5 215111 ALEC D 

GREECE 
Peter caritato & Associates, Ltd. 
Athens 
Ph: (30) 1-902-{)115 
FAX: (30) 1-901-7024 
TL.X: 216-723 CARl GR 

ISRAEL 
Rapac 
Tel Aviv 
Ph: (972) 3-477115 
FAX: (972) 3-493272 
TL.X: 342173 RAPAC IL 

ITALY 
Cefra S.p.A. 
Milano 
Ph: (39) 223-5264 
FAX (39) 2236-{)249 
TL.X: 314543 CEFRA I 

THE NETHERLANDS 
Alcorn Electronics BV 
2908 LJ capelle AID IJSSEL 
Ph: (31) 10-451-9533 
FAX: (31) 10-458-6482 
TL.X: 26160 ALCOM NL 

NORWAY 
Hans H. Schive 
Asker 
Ph: (47) 2-900900 
FAX: (47) 2-904484 
TL.X: 19124 SKIVE N 

PORTUGAL 
Diode 
Lisbon 
Ph: (351) 1-571390 
FAX: (351) 1-534987 

SO. AFRICA 
South Continental Devices 
Pinegowrie 
Ph: (27) 11-789-2400 
FAX: (27) 11-886-2929 
TL.X: 4-24849 SA 

SPAIN 
Diode 
Madrid 
Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TL.X: 42148 DIODE E 

SWEDEN 
Bexab Technology AB 
Tiiby 
Ph: (46) 8-732-8980 
FAX: (46) 8-732-7058 
TL.X: 136888 BEXTE S 

SWITZERLAND 
EllypticAG 
Zurich 
Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 EL YP CH 

YUGOSLAVIA 
Ellyptic AG 
Maribor 
Ph: (38) 62-24561 

International 
Distributors & Sales Representatives 

FAR EAST 
HEADQUARTERS 
K. S. Ong, District Sales Mgr. 
Silicon Systems, Singapore 
3015A UBI Road 1 103-{)1 
Singapore 1440 
Ph: (65) 380-9157 
FAX: (SS) 281-3423 

AUSTRALIA 
R&D Electronics 
Victoria 
Ph: (61) 3-808-8911 
FAX: (61) 3-808-9168 
TL.X: 790-33288 

HONG KONG 
CET, Ltd. 
Wanchai 
Ph: (852) 520-0922 
FAX: (852) 8SS-{)639 

INDIA 
Malhar Corp. 
Bangalore 
Ph: (812) 56-4998 
FAX: (812) 57-5009 

U.S.A. Headquarters 
Rosemont, PA 
Ph: (215) 527-5020 
FAX: (215) 525-7805 

JAPAN 
Intemix 
Tokyo 
Ph: (81) 3-369-1105 
FAX: (81) 3-363-8486 
TL.X: 781-26733 

KOREA 
Hanaro Corporation 
Seoul 
Ph: (82) 2-558-1144 
FAX: (82) 2-558-{)157 

MALAYSIA 
Dynamar Computer Products 
Penang 
Ph: (60) 4-637292 
FAX: (60) 4-637319 
TL.X: MA40750 DYNAMA 

Petaling Jaya 
Ph: (60) 3-7767199 
FAX: (60) 3-7767201 

SINGAPORE 
Dynamar Computer Products 
Ph: (65) 281-3388 
FAX: (SS) 281-3308 
TL.X: RS26283 DYNAMA 

TAIWAN 
New Dynamar International 
Taipei 
Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TL.X: 785-11064 DYNAMAR 
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THAILAND 
Dynarnar Computer Products 
Bangkok 
Ph: (662) 278-3690 

(662) 278-5722 
FAX: (662) 271-3815 

SOUTH AMERICA ••• 
ARGENTINA 
YeIS.R.L. 
Buenos Aires 
Ph: (54) 1-46-211 
FAX: (54) 1-45-2551 
TL.X: 390-18605 

BRAZIL 
Hitech 
Sao Paulo 
Ph: (55) 11-531-9355 
FAX: (55) 11-240-2650 
TL.X: 391-11-53288 HTHB BR 

CHILE 
Victronics, Ltd. 
Santiago Centro 
Ph: (56-2) 2237698 

(56-2) 330237 
FAX: (56-2) 334432 
TL.X: 340168 VICTOR CK 

MEXICO 
Panamtek 
Guadalajara, Jalisco 
Ph: (52) 36-303029 
FAX: (52) 36-30-3115 



North American 
Authorized Distributor Offices 
All locations are "Han-Mark Electronics· except as noted. 

AlABAMA FLORIDA NEW JERSEY 
Huntsville Clearwater MI. Laurel 
Ph: (205) 837-8700 Ph: (813) 530-4543 Ph: (609) 235-1900 

ARIZONA Orlando Fairfield 
Phoenix Ph: (305) 855-4020 Ph: (201) 575-4415 
Ph: (602) 437-1200 

Pompano Beach NEW YORK 
Aved, Inc. Ph: (305) 971-9280 Ronkonkoma 
Phoenix Ph: (516) 737-0600 
Ph: (602) 951-9788 GEORGIA 

Norcross Rochester 
CALIFORNIA Ph: (404) 447-8000 Ph: (716) 244-9290 
Citrus Heights 
Ph: (916) 722-8600 ILLINOIS NORTH CAROLINA 

Wooddale Raleigh 
Aved, Inc. Ph: (312) 860-3800 Ph: (919) 872-0712 
San Diego 
Ph: (619) 792-0257 INDIANA OHIO 

Indianapolis Solon 
San Diego Ph: (317) 291-5350 Ph: (216) 349-5632 
Ph: (619) 268-1201 

KANSAS Worthington 
San Jose Lenexa Ph: (614) 888-3313 
Ph: (408) 432-4000 Ph: (913) 888-4747 

OKLAHOMA 
Torrance MARYlAND Tulsa 
Ph: (213) 217-8400 Columbia Ph: (918) 665-3200 

Ph: (301) 988-9800 
Aved, Inc. TEXAS 
Tustin MASSACHUSETTS Austin 
Ph: (714) 259-8258 Billerica Ph: (512) 258-8848 

Ph: (617) 935-9777 
Tustin Dallas 
Ph: (714) 669-4100 MICHIGAN Ph: (214) 553-4300 

Detroit 
COLORADO Ph: (313) 462-1205 Houston 
Englewood Ph: (713) 781-6100 
Ph: (303) 790-1662 MINNESOTA 

Bloomington UTAH 
CONNECTICUT Ph: (612) 941-2600 Murray 
Wallingford Ph: (801) 268-3779 
Ph: (203) 271-2844 MISSOURI 

SI. Louis WISCONSIN 
Ph: (314) 291-5350 New Berlin 

Ph: (414) 797-7844 
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CANADA 

ONTARIO 
Har-Tech Electronics 
Downsview 
Ph: (416) 665-7773 

BRITISH COLUMBIA 
Enerfec 
Surrey 
Ph: (604) 888-1667 



Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph (714) 731-7ll0, Fax (714) 669-8814 

Printed in U.S.A. 


