

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SSI 78P234
2048 KBit/s

PCM Interface Unit

PIN DESCRIPTION

RECEIVER
1’0 LABEL PIN NO. DESCRIPTION
l LIN+, LIN- 4,5 Differential inputs, transformer-coupled from line.
(0] RXPOS 7 Unipolar receiver output, active as result of positive pulse
at inputs.
(0] RXNEG 8 Unipolar receiver output, active as result of negative pulse
at inputs.
RXCLK 9 Clock pulses recovered from line data.
(0] LSIG 2 Loss-of-signal output indicating that input signal is less
than threshold value.
TRANSMITTER
| TXPOS 11 Unipolar transmitter data input, active high.
| TXNEG 14 Unipolar transmitter data input, active high.
| CLKIN 12 Transmitter clock input. Controls transmit pulse width.
Transmit is active when low.
(0] LOUT+ 15 Output to transformer for positive data pulses.
o LOUT- 17 Output to transformer for negative data pulses.
LOOPBACK CONTROL
| LINELP 13 Low level causes receiver recovered data and clock to be
connectedto the transmitter. Data and clock continue to be
present at receiver outputs.
| LOCALP 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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SSI| 78P234
2048 KBit/s

PCM Interface Unit

PIN DESCRIPTION (continued)

EXTERNAL COMPONENT CONNECTION

110 LABEL PIN NO. DESCRIPTION

| RFO 1 Resistor connected to Vec to provide basic center fre-
quency of receiver phase locked loop oscillator.

- LF1 19 Resistor-capacitor loop filter network to RXGND to

LF2 18 establish bandwidth of phase locked loop.

- RCPK 3 Parallel resistor-capacitor network connected to RXGND
to determine charge/discharge characteristics of peak de-
tector.

POWER

- Vce 20 Positive supply terminal for receiver circuits.

- RXGND 6 Ground terminal for receiver circuits.

- TXGND 16 Ground terminal for transmitter driver circuits.

ABSOLUTE MAXIMUM RATINGS

(Ta = 0°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 Voltage -0.5t0 +7.0 \

Storage Temperature -65t0 130 °C
Soldering Temperature (10 sec.) 260 °C

Voltage Applied to Logic Inputs -0.5t0 +7.0 \Y
Maximum Power Dissipation 600 mwW
Junction Operating Temperature 0to +130 °C

NOTE: Allinputs 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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SSI 78P234
2048 KBit/s
PCM Interface Unit

RECOMMENDED OPERATING CONDITIONS

PARAMETER CONDITIONS MIN NOM | MAX UNIT
Ta Ambient temperature 0 70 °C
Vee Power supply voltage 4.75 5.25 \
VIH High-level input voltage 2.0 \
VIL Low-level input voltage 0.8 \
IOH  High-level output current LSIG pin only; -7 -13 mA
VO =15V
EXTERNAL COMPONENTS (Refer to Figure 1 for location of components.)
RFO Loop center frequency resistor 6.04 KQ
RLF  Loop filter resistor 10 KQ
CLF1 Loop filter capacitor 0.015 puF
CLF2 Loop filter capacitor 200 pF
RPK  Peak-detector resistor 36 KQ
CPK  Peak-detector capacitor 0.0015 | 0.015| 0.15 uF
Transmit line transformer Refer to Table 1 - -
D. C. ELECTRICAL CHARACTERISTICS
(Ta = 0°C to 70°C, Vce = 5V + 5%, unless otherwise specified.)
PARAMETER CONDITIONS MIN NOM | MAX UNIT
ICC  Supply current All outputs open 100 mA
IIH High-level input current VIH=2.7V 20 HA
liL Low-level input current VIL = 0.4V -0.36 mA
VOH High-level output voltage I0H = -400pA 2.7 \
VOL Low-level output voltage IOL = 4.0mA; 0.4 \
IOL = 2.0 mA, LSIG pin
RIN  Receiver input resistance 800 1250 Q
538 0790 - rev.



SSI 78P234
2048 KBit/s
PCM Interface Unit

DYNAMIC CHARACTERISTICS AND TIMING, TRANSMITTER

(Ta = 0°C to 70°C, Vcc = 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 attrans- | 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.

Tros — —'I TTNDH
TXNEG "5% F

— TTPL—H

vP—
TRANSMIT . L
LINE OUTPUT 0.5vP

0.5VN— T

VN.
VN

M—TTNL—HM

0790 - rev.

FIGURE 2: Transmit Waveforms
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SSI| 78P234
2048 KBit/s
PCM Interface Unit

DYNAMIC CHARACTERISTICS AND TIMING, RECEIVER

(Ta = 0°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 +3.9 Vpk
VLOS  Loss-of-signal + +1.0 Vpk
indicating voltage
TLOS  Loss-of-signal delay time Timed from removal 0.7TPK 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 C.=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 (All 1's Data 66 79 pA/Rad
Detector Gain Pattern)
KO Clock Recovery Phase 0.40 0.55 Megrad/
Locked Oscillator Control Gain sec. Volt
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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SSI1 78P234
2048 KBit/s
PCM Interface Unit

RECEIVE LINE
INPUT (REF) I I | I l—
N————— TRCF———— I———J
TRC—3)  TRONT TRCPT
SN A N NIV aNIVS
l—TRD TROPH—)
AXPOS 15v A 4 N \
— TROP ———) TRONS—M—TRDNH—)
RXNEG 18 KL
TRON————H
FIGURE 3: Receive Waveforms
LINE TRANSFORMERS

The SSI 78P234 is designed to connect to 75Q coaxial or 120Q symmetrical pair cabling. The transmitter must
meet output pulse characteristics as specified by the CCITT (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
Turns ratio 75Q coax N 2.53CT:1

120Q twisted pair 2CT:A
Primary open circuit inductance Lp 3 ' mH
Primary leakage inductance L1 4.0 uH
Primary volt-time product ET 5 V-usec
Primary DC resistance Rp 25 Q
Interwinding Capacitance Cy 25 pF

TABLE 1: Transmit Line Transformer Characteristics

0790 - rev. 5-41



SSI 78P234
2048 KBit/s
PCM Interface Unit

LINE TRANSFORMERS (continued)

75Q Coax Connection

Approximate turns ratios for connection to 75Q 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.

RCV/XMIT 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 75Q Coax Connection

120Q Symmetrical Pair Connection

Connection to 120Q symmetrical pair requires a 2CT:1 ratio for the transmitter and 1:1 (no CT) on the receiver.

Some recommendations are listed below.

RCV/XMIT TURNS RATIO PART NUMBER MANUFACTURER
XMIT 2CTH 1323 BH

XMIT 2CT:1 G52J12C Pan-Mag
XMIT 2CT: 11815 Schott Corporation
XMIT 1:11 PE 64931 Pulse Engineering
RCV 11 PE 64935 Pulse Engineering
RCV 1:1:1 G52J111P Pan-Mag

TABLE 3: Recommended Line Transformers for 120Q Symmetrical Pair Connection

5-42
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SSI 78P234
2048 KBit/s
PCM Interface Unit

RECEIVE LINE
INPUT (REF) |

RUCNL T N N S

RXPOS

RXNEG

TRANSMIT
LINE OUTPUT | | ‘—’___l—\i

FIGURE 4: Line Loopback Waveforms

CLIN W

TXPOS

TXNEG

PN NS NS N NS

RXPOS

RXNEG

LINE GUTPUT. | L
I
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FIGURE 5: Local Loopback Waveforms
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SSI1 78P234
2048 KBit/s
PCM Interface Unit

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
RFo [] 1 20 [] vec
Lsic [] 2 19 [J LF1
RePk [ 3 18 [] LF2
LN+ [] 4 17 |] Lout-
LN-[]5 16 |] TXGND
RXGND [ 6 15 [] LouT+
RxPOS [ 7 14 [] TXNEG
RXNEG [] 8 13 [] ONELP
RXcLK [] 9 12 [] cLkiN
LOCALP [] 10 11 || T™XPOS
20-Pin DIP, SO
ORDERING INFORMATION
PART DESCRIPTION ORDER NO. PACKAGE MARK
SSI 78P234
20-Pin Plastic DIP - SS178P234-CP 78P234-CP
20-Pin SO SSI78P234-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 fromits use. No license is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data
sheet is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 731-5457

©1989 Silicon Systems, Inc. 5-44 0790 - rev.



SSI 78P236

_Preliminary Data

Jl#wﬂ ﬂ JL[GIW D53 Ling Imerioes

July, 1990
DESCRIPTION FEATURES
The SSI 78P236 is a line interface transceiver IC o  Single chip transmit and receive interface for
intended for DS-3 (44.736 Mbit/s) applications. The DS-3 (44.736 Mbit/s) applications

receiver has a very wide dynamic range and is

designed to accept B3ZS-encoded Alternate-Mark ° Unique clock recovery circuit, requires no
Inversion (AMI) inputs; it provides clock, data, and low- crystals or tuned components

level signal detector logical outputs. The transmitter

converts clock and data input signals into AMi puises ~ ° Selectable transmit line buildout to
of the appropriate shape for transmission. A line accommodate shorter line lengths

buildout (LBO) filter may be selected to attenuate the .
outgoing pulses for shorter line lengths. The SSI ° Standard unipolar POS and NEG dataand CLK

78P236 requires a 5-volt supply and is available in DIP ports
and surface mount packages. o Compliant with AT&T Compatibility
Bulletin 119

° Low-level input signal indication

° Available in DIP or surface mount packages

° Pin-compatible with SS178P2361 and 78P2362

BLOCK DIAGRAM PIN DIAGRAM
LF2  LF1
g1 28 E\
Rvec | 02 27 [
Low-Level o qs 26 ]
. Clock ROLK
Df(lgg:;l) n Recovery q 4 25 []
OVee gs 24 []
6 23
R Signal Data RPOS . ’
- Acquisition Detection RANEG 07 2]
T 0s 21 []
RGND DGND

0o 20 ]
TVee 0 10 19 [1

Output
?3 Driver, GPulse‘ TOLK g n 18 ]

i enerator TPOS
“ oo O 12 17 [
TGN 13 16 []
014 15 []
OPTZ LBO OPTT
28-Pin DIP

|70AUTION: Use handling procedures necessary

0790 5-45 for a static sensitive component.




SSI 78P236
DS-3 Line Interface

FUNCTIONAL DESCRIPTION

The SS178P236 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
alternate 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 Ampilifier is used to adjust the signals
applied to the Voltage Comparators to a relatively
constant peak amplitude over the range of expected
input levels. This is accomplished by means of the
Peak Detectorand AGC Amplifierwhereinthe amplified
signal peaks are compared with a fixed reference
voltage, andthefiltered difference appliedtothe variable
gain stage which cause the signal peaks to nearly
equal the reference value.

The amplified positive and negative input data pulses
are detectedby high speed Voltage 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
whichis active onlywhencycle-slippingoccurs 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
provisionto added externalfiltercomponentsinparallel.

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.

Aninternal 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 setinternally.
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SSI1 78P236
DS-3 Line Interface

PIN DESCRIPTION

RECEIVER

NAME TYPE DESCRIPTION

LIN+, LIN- | 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 | Unipolar transmitter data input, active high.

TNEG | Unipolar transmitter data input, active high.

TCLK | Transmitter clock input, active high.

LOUT+ 0] Output to transformer for positive data pulses.

LOUT- 0] Output to transformer for negative data pulses.

LBO | Line buildout control. Selected for shorter cable lengths.

OPT1 | Transmit option 1. Selects faster output pulse transition time and higher
amplitude when low.

OPT2 | Transmit option 2. Disables output driver and reduces output bias current
when low.

EXTERNAL COMPONENT CONNECTION

RFO | 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

TVce - 5V power supply for transmit circuits.

RVce - 5V power supply for receive circuits.

DVcc - 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.

5-48
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SSI 78P236
DS-3 Line Interface

ELECTRICAL CHARACTERISTICS

(TA =0°C to 85°C, Vcc = 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: TVce, RVce, DVee 6.0 \
Storage Temperature -65 to 150 °C
Soldering Temperature (10 sec.) 260 °C
Ambient Operating Temperature, TA 0to +85 °C
Pin Ratings:

LIN+, LIN-, TPOS, TNEG, TCLK, LOUT+,
LOUT-, LBO, RFOQ, LF2, LF1,

OPT1, OPT2 Pins -0.3to Vcc +0.3 \

Pin Ratings:

RPOS, RNEG, RCLK, LOWSIG Pins -0.3 to Vcc +0.3 \
+12 mA

SUPPLY CURRENTS AND POWER

PARAMETER CONDITIONS MIN NOM | MAX UNIT

ICC Supply Current Outputs Unloaded, 111 142 174 mA
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 kQ
RLF Loop filter resistor TBD kQ
CLF1 Loop filter capacitor TBD uF
CLF2 Loop filter capacitor TBD pF

Transmit line transformer TBD
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SSI 78P236
DS-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 15 \'/
VIH Input high voltage 3.5 Vee +0.3 \Y%
1L Input low current VIL = 1.5V -5.0 5.0 HA
IH Input high current VIH = 3.5V -5.0 5.0 HA
VOL Output low voltage IOL = 0.1 mA 1.0 \
VOH Output high voltage IOH = -0.1 mA 4.0 Vv
OPT2 CHARACTERISTICS

ViL Input low voltage IL=0.4mA 0.5 A
VIH Input high voltage 2.0 \'
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=525kQ
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
VDTH  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 stabilization time After application 300 us
of input signal
TRCF  Receive clock period 22.35 ns
TRC Receive clock pulse width 11.18 ns
TRCPT Receive clock positive C.=15pF 45 6 ns
transition time
TRCNT Receive clock negative C.=15pF 45 6 ns
transition time

5-50
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SSI 78P236
DS-3 Line Interface

0790

RECEIVER (continued)

PARAMETER CONDITIONS MIN NOM | MAX UNIT

TRDP  Positive or negative 22.35 ns

TRDN  receive data pulse width

TRDPS Receive data set-up time 8.7 11.18 | 13.7 ns

TRDNS

TRDPH Receive data hold time 8.7 11.18 | 13.7 ns

TRDNH
Receive input jitter tolerance | sine, 60 kHz +3.35 ns
high frequency to 300 kHz 0.3 Ul
Receive input jitter tolerance | sine, 10 Hzto 2.3 kHz | +55.88 ns
low frequency 5.0 Ul

KD Clock Recovery Phase All' 1's data pattern 74 80 86 HA/Rad
Detector Gain KD = .418/RFO

KO Clock Recovery Phase 16 17 18 Mrad/
Locked Oscillator sec. -Volt

TRANSMITTER

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 45 6 ns
transition time

TTCPT Transmit clock positive 4.5 6 ns
transition time

TTPDS Transmit data set-up time 25 11.18 ns

TTNDS

TTPDH Transmit data hold time 25 11.18 ns

TTNDH

TTPL Transmit positive line Measured at 10.62 | 11.18 12.0 ns
pulse width transformer, LBO = Low




SSI| 78P236
DS-3 Line Interface

TRANSMITTER (continued)

PARAMETER CONDITIONS MIN NOM | MAX “UNIT

TTNL  Transmit negative line Measured at 10.62 |[11.18 | 12.0 - ns
pulse width transformer, LBO = Low

TTEQ  Equalized transmit Measured at TBD

pulse shape

transformer, LBO = High

Transmit line pulse
waveshape

See Note

Note: Characteristics are in accordance with paragraph 5.2.2 of AT&T Compatibility Bulletin 119.

RECEIVE LINE
INPUT (REF)

REC CLOCK

REC POS OUT

TRDP

REC NEG OUT

ETRDNS —" G—TRDNHﬂ
TRD

FIGURE 2: Receive Waveforms

TRANSMIT

CLOCK IN
TRANSMIT
POSIN
TINDS —-Jl-——'rrNoH —)
TRANSMIT
NEG IN
[e—TTPL—
VP
TRANSMIT 0.5VP —1
LINE OUTPUT

0.5VN—
VN —

M—TTNL—
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FIGURE 3: Transmit Waveforms
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SSI 78P236
DS-3 Line Interface

PACKAGE PIN DESIGNATIONS

(TOP VIEW)
TBD [| 1 28 [] TBD
TBD [] 2 27 [] TBD
18D [] 3 26 [] TBD
TBD [] 4 25 [] TBD
TBD [] 5 24 [] TBD
TBD [] 6 23 [] TBD
T8D q 7 22 [] T8D
TBD [] 8 21 [] TBD
TBD [ ° 20 [] TBD
TBD [] 10 19 [] TBD
TBD [] 11 18 [] TBD
TBD [] 12 17 [] TBD
TBD ] 13 16 [] TBD
TBD ] 14 15 [] TBD
28-Pin DIP
ORDERING INFORMATION
PART DESCRIPTION r ORDER NO. PKG. MARK
SSI 78P236, DS-3 Line Interface - 28-pin
Standard Width Plastic DIP (600 mil) SSI 78P236-CP 78P236-CP

Surface Mount - TBD

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, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX (714) 731-5457
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SSI1 78P2361
STS-1 Line Interface

~Advance Information

sillaon ﬁ&fm@

DESCRIPTION

The SSI 78P2361 is a line interface transceiver IC
intended for STS-1 (51.84 Mbit/s) 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 SSI
78P2361 requires a 5-volt supply and is available in
DIP and surface mount packages.

July, 1990

FEATURES
° Single chip transmit and receive interface for
STS-1 (51.84 Mbit/s) applications

° Unique clock recovery circuit, requires no
crystals or tuned components

e Selectable transmit line buildout to
accommodate shorter line lengths

o Standard unipolar POS and NEG dataand CLK
ports

o Low-level input signal indication
o Available in DIP or surface mount packages

° Pin-compatible with SSI 78P236 and 78P2362

0790
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BLOCK DIAGRAM

RVce

Low-Level
Signal
Detection

RFo

Signal
Acquisition

Clock
Recovery

Data
Detection

Output

Driver,

Line

OPT2 LBO
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OPT1

CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 78P2361

STS-1 Line Interface

PIN DESCRIPTION

RECEIVER

NAME TYPE DESCRIPTION

LIN+, LIN- | Differential inputs, transformer-coupled from line.

RPOS (@] 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 o] Low signal logic output indicating that input signal is less than threshold
value.

TRANSMITTER B

TPOS l Unipolar transmitter data input, active high.

TNEG | Unipolar transmitter data input, active \hfgh.

TCLK | Transmitter clock input, active high.

LOUT+ 0] Output to transformer for positive data pulses.

LOUT- 0 Qutput to transformer for negative data pulses.

LBO | Line buildout control. Selected for shorter cable lengths.

OPT1 | Transmit option 1. Selects faster output pulse transition time and higher
amplitude when low.

OPT2 | Transmit option 2. Disables output driver and reduces output bias current

when low.

EXTERNAL COMPONENT CONNECTION

RFO | 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 ‘

TVce - 5V power supply for transmit circuits.

RVece - 5V power supply for receive circuits.

DVce - 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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SSI 78P2361
STS-1 Line Interface

ELECTRICAL CHARACTERISTICS

(TA =0°C to 85°C, Vcc =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 %
threshold amplitude for 22.37
MHz sinusoidal input
TSTAB Receiver stabilization time After application 300 us
of input signal
TRCF  Receive clock period 19.3 ns
TRC Receive clock pulse width 9.65 ns
TRCPT Receive clock positive C.=15pF 45 6 ns
transition time
TRCNT Receive clock negative C.=15pF 45 6 ns
transition time
TRDP  Positive or negative 193 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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SSI1 78P2361
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

TTCF  Transmit clock repetition 19.3 ns
period

TTC Transmit clock pulse width 9.65 ns

TTCNT Transmit clock negative 45 ns
transition time

TTCPT Transmit clock positive 45 ns
transition time

TTPDS Transmit data set-up time 9.65 ns

TTNDS

TTPDH Transmit data hold time 9.65 ns

TTNDH

TTPL Transmit positive line Measured at 9.65 ns
pulse width transformer

TTNL 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. Nolicense is granted under any patents, patentrights or trademarks of Silicon Systems. Silicon Systems
reserves the right to make changes in specifications at any time without notice. Accordingly, the reader is cautioned to verify that the data

sheet is current before placing orders.

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 731-5457

©1990 Silicon Systems, Inc.
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SSi 78P2362
34.368 Mbit/s Line Interface

“Advance Information

illiom ﬂJM@

DESCRIPTION

The SSI 78P2362 is a line interface transceiver IC
intended for 34.368 Mbit/s 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.

July, 1990

FEATURES
° Single chip transmit and receive interface for
34.368 Mbit/s applications

° Unique clock recovery circuit, requires no
crystals or tuned components

° Standard unipolar POS and NEG data and CLK
ports

° Compliant with CCITT recommendations
G.703 and G.823

° Low-level input signal indication
° Available in DIP or surface mount packages

° Pin-compatible with SSI 78P236 and 78P2361

0790
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CAUTION: Use handling procedures necessary
for a static sensitive component.




SSI 78P2362

34.368 Mbit/s Line Interface

PIN DESCRIPTION

RECEIVER

NAME TYPE DESCRIPTION

LIN+, LIN- | Differential inputs, transtormer-coupled from line.

RPOS (0] Unipolar receiver output, active as result of positive pulse at inputs.

RNEG [®) 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 | Unipolar transmitter data input, active high.

TNEG l Unipolar transmitter data input, active high.

TCLK I Transmitter clock input, active high.

LOUT+ (o] Output to transformer for positive data pulses.

LOUT- (0] Output to transformer for negative data pulses.

LBO 1 Line buildout control. Attenuates output pulses. Should be tied high for
normal CEPT E3 applications

OPT1 | Transmit option 1. Selects faster output pulse transition time and higher
amplitude. Should be tied low for normal CEPT E3 applications.

OPT2 | Transmit option 2. Disables output driver and reduces output bias current
when low. )

EXTERNAL COMPONENT CONNECTION

RFO | 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

TVce - 5V power supply for transmit circuits.

RVce - 5V power supply for receive circuits.

DVcc - 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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SSI 78P2362
34.368 Mbit/s Line Interface

ELECTRICAL CHARACTERISTICS

(TA = 0°C to 85°C, Vcc = 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 %
threshold amplitude for 22.37
MHz sinusoidal input
TSTAB Receiver stabilization time After application 300 us
of input signal
TRCF  Receive clock period 29.1 ns
TRC Receive clock pulse width 14.55 ns
TRCPT Receive clock positive CL.=15pF 45 6 ns
transition time
TRCNT Receive clock negative Cu=15pF 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 Hzto 1.0 kHz | +21.83 ns
low frequency
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SSI| 78P2362
34.368 Mbit/s Line Interface

ELECTRICAL CHARACTERISTICS (Continued)

TRANSMITTER

Transmit pulse characteristics are obtained using a test load of 75Q 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 TBD

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

Silicon Systems is commiitted to leadershipinthe
development of high-performance, application-
specific, custom/semicustom Mixed-Signal Inte-
grated Circuits (MSICs™).

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
pay off by dramatically reducing the time (and
cost) it takes to deliver the most optimized cus-
tom/semicustom 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.

DESIGN

SERVICE &
SUPPORT

ENGINEERING §

WAFER
FABRICATION

TEST &
ANALYSIS

COMPLETE ASIC
DEVELOPMENT AND
PRODUCTION FROM
SILICON SYSTEMS

DISK DRIVES

READ/WRITE

HEAD POSITIONING
PULSE DETECTORS
DATA RECOVERY
MOTOR CONTROL
CONTROLLER
ACTIVE FILTERS

COMMUNICATION
AUTOMOTIVE
MODEMS
TONE SIGNALING CUSTOM
TELEPHONY/ SEMICUSTOM
DIGITAL TELECOM
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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.

InCMOS, 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 bit/s modems.

Inbipolar, 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.

digital subsystems.

...~ Technique. Application - Silicon Systems Designed Examples’
CMOS Signal Processing | For analog continuous time and * 73K224 complete single-chip 2400 bit/s
sampled data (switched-capacitor modem
implementation) and Digital Signal » C301 single-chip telephone headset
Processing (DSP) applications. Low- amplifier
power capability also allows inclusion 14.4 kbit modem

of ROMs, RAMs, and other analog/

Direct-broadcast satellite descrambler
Motor controliers
Hi-resolution analog data acquisition

Bipolar Signal Processing

current drive.

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

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

custom interfaces.

Digital CMOS ForASIC controllers, sequencers and |+ Hard disk drive controllers
data path applications with on-board |+ SCSlI interface controllers
ROM, RAM, and PLA sub-systems. « UARTs
Offers standard TTL and/or CMOS » Protocol controllers
logic interfaces. « Digital signal processors
Digital Bipolar High-speed logic and interface » Encoders and decoders

circuitry. Offers standard logic or

High-speed digital transceivers
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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 Standard Bipolar mixed- Standard product single-
Bipolar low-noise signal, high-performance  chip 2400 bit/s modem with
read/write IC data separator switched capacitor filters

and RISC DSP

“DESIGN-FOR-TESTABILITY” AND TEST SUPPORT

Silicon Systems employs design-for-testability method-  These testers are supported by:
ologies, such as built-in test modes that allow direct

testing of internal subsystems. Silicon Systems uses ° Automatic handlers (Trigon PLCC, Symtek &
highly specialized equipment, test programs and test Tesec SOIC, and MCT DIP and Delta QFP)
procedures for combined analog/digital designs to en-

sure delivery of high-quality product. To determine prod- ° Burn-in sockets, temperature chambers, Aehr
uct reliability under extreme conditions, products are burn-in ovens, and Highly Accelerated Stress
tested in-house by a wide variety of advanced analog or Test (HAST)

digital testers including:

® LTX(TS88/DX90) testers
®  Trillium Micromaster Plus
®* Teradyne A520
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CMOS PROCESS TECHNOLOGIES

Silicon Systems’ mixed signal CMOS pro- Polysilicon Nitrite
cesses are used to implement low-power, Passivation
highly integrated systems solutions. 8';'{59 Aluminum
Interconnect
The two main processes used for new de- Field
signs are CH (for 12V applications) and CG Oxide DD
P Source/Drain
(for 5V applications). These processes are
: : ‘ DDD
summarized in the table below. Other pro- | Source/Drain PWell
duction process technologies (such as metal . (for NFETs)
gate) are not utilized for new designs. $/D Contacts . ‘(Lof,"gf,?t‘ﬁ“y)v "
CH CMOS PROCESS TRANSISTOR
: L o Drawn : . T
RS DT Application ; Gate “Interconnect Pitches . T
Process | Type.. . - .. Voltage. |BVDSS| Length | Poly 1 |Metal 1|Metal 2| Features ~ - -
CH Si-Gate, single metal, 12v 18V 3.6p 5.8u 6.4n n/a » DDD S/D structure
dual poly, P Well * Poly-poly capacitors
* Low-voltage coefficient
» High Q /Opoly resistors
« Epi substrate option
* Buried Well-ring
CG Si-Gate, dual metal, 5V 7w 1.5p 3.0p | 45u | 6.0n | «DDD S/D structure
dual poly, P Well « Poly-poly capacitors
* Shrinkable to 1.2
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. Thisincreases the
S/D junction grading and thus increases the breakdown
voltage and lowers the associated junction capacitance.
The CH process also provides low-voltage coefficient,
precision poly-poly capacitors. These high quality ca-
pacitors support high performance switched-capacitor
fitering and data conversion (A/D 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 voltage coefficients and do not have a large
parasitic bottom place capacitor.

Another important feature for analog applications is
found onthe Silicon Systems CH process, high Q/Opoly
resistors. These resistors have a low voltage coefficient
which s very important for low distortion, continuous time

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 mA.

The CG process is designed to support 5V mixed-signal
systems. As the feature size (1.5p) 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 1.2. Both the CH and
CG process are proven production processes, thus
minimizing your unknowns and risks.
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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.

Base Emitter Collector

Advanced polysilicon emitter
stm"(‘:lure for high-performance
S

Up-junction isolation

Base plug for reduced
base resistance

Collector plug for reduced
collector resistance

Lighter doped epi for improved
lateral PNPs, higher NPN BV, ¢,
and lower junction capacitance

BK BIPOLAR PROCESS NPN TRANSISTOR

\ Buried layer for reduced

collector resistance

Process TYpe BV¢eo | NPN Ft

Emitter
Size

M1
Pitch

M2

Pitch | Features

BK Junction-isolated 12v 2 GHz

2.5p

« Polysilicon emitters

» A1 Schottky diodes

« Nitride capacitors

« lon implanted resistors

« Up/down junction isolation
« Collector/base plugs

9.op | 14.0n

BN Oxide-isolated 6V 8 GHz

2,

op

8.0n |+ High performance NPNs
« PtSi Schotty diodes

« Nitride capacitors

« lon implanted resistors

« Sidewall oxide isolation

« Collector/base plugs

4.5

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 PiSi 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 designerto
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 (IDM™), a
semicustom designtechnique for designing 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 analog/
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 66 I/0 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
systeminterfaces. The Mixed-Signal Arrays employ aftile
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 specific electronic
functions in combined analog and digital technology
throughthe use of single tiles or tile/component 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 specific to hisown
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-SIGNAL ARRAYS
The benefits of using arrays are: '
* Anarray 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 appllcatlons
High voltage capability

ESD protection at each /O pad

Full CAE support on Mentor Graphics workstations
Analog and digital macro library

_MIXED-SIGNAL | TECHNOLOGY | . EQUIVALENT | EQUIVALENT .| - -BONDING - -
_ ARRAY.. | . " | GATES | OPAMPS | . PADS
6701 CMOS 1608 40 66
6702 CMOS 280 12 36
6703 CMOS 604 12 42
6704 CMOS 604 12 44
6901 Bipolar 96 24 48
6902 Bipolar 0 8 28
6903 Bipolar 24 26 52
6951 144 52 64
6952 High 24 16 40
6953 Performance 72 34 56
6954 Bipolar 144 16 56
6955 288 22 72

Silicon Systems Mixed-Signal Array Series
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INTEGRATED DESIGN METHODOLOGY—THE IDM™ ADVANTAGE

Silicon Systems has spentalmost 10 years developingits
Integrated Design Methodology (IDM™). IDM™ consists
of an interlocking set of design methods supported by a
single Computer-Aided Engineering (CAE) and Com-

puter-Aided Design (CAD) system. As IDM™ supports
analog and digital designs in any of Silicon Systems’
CMOS andbipolar technologies, it offers the tremendous
advantage of flexibility.

COMPARE FULL-CUSTOIM TO SEMICUSTOM DESIGN

IDM™ 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 fo 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 I/O 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 IDM™ design approach offers unique cost, time, and performance trade-offs.

CUSTOM / SEMICUSTOM TRADE-OFFS

Time (schedule)

Die Size (silicon area)

Cost (non-recurring expense) 1.0

1.0

Piece Price (production cost) 1.0
1.0

05-08
05-0.7

12-14
1.1-12

04-0.7
04-0.6

1.5-2.0
1.3-1.6

Full - Custom Semicustom
Composite Symbolic Cell-Based Array-based
Design Design Design Design

02-04
0.2-0.4

20-25
1.6-2.0

Note: All comparisons are normalized to a composite-level design.

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.

Cell - Based Array - Based
FuIIDe(::lgsntom Design Design
(Semicustom) (Semicustom)
1 T
—
El
BecrkalDesgnican) | el
Physical Design (CAD)
* - -
Hand-Packed Auto Place & Array - Based
Layout Route Layout Layout
(Full-Custom) (Semicustom) (Semicustom)

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.

6-8




Custom/Semicustom
Capabilities

SOPHISTICATED DESIGN AUTOMATION TOOLS

The Pegasys™ design automation system, with proprietary and Silicon Systems-enhanced vendor software,
addresses both the electrical and physical phases of design.

Schematic Schematic .
! Layout Design
Checker Editor Editor Rule
- — R Checks
Filter Circuit _,,
Synthesis Trace
Circuit E[')“‘!“ cal Automatic PDheyssilc:I
Simulation i esign Layout 3 9
Y System N System
Ny N Pattern
Timing C Generation
Simulation Documentation
; ‘ / CALMA
ulati Capacitor Library & Read/Write
Simulation Device
- Generators
ELECTRICAL DESIGN ANALOG & DIGITAL SIMULATION

Electrical design is done on Mentor Graphics/Apollo  Simulation ensures that we meet the customer’s perfor-
engineering workstations with Silicon Systems-en-  mance specification before converting the design into
hanced software that provides schematic capture, simu-  silicon. Circuit simulation, an important key to Silicon
lation, synthesis, and documentationtools. This software ~ Systems’ design methodology, allows us to accurately
is supported by libraries of pre-designed cells and  simulate the performance numbers of our technologies.
components. Due to our integrated CAE environment, = For circuit simulation, we use Meta-Software’s
there is no distinction between any schematic capture, = HSPICE™ with a proprietary analog CMOS model that
simulation, or synthesis capabilities for full- or semicus-  accurately predicts output impedance and other analog
tom design approaches. 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
HSPLOT™. For the analog simulation of switched ca-
pacitors, we use Columbia University’s SWITCAP™.

For digital simulation, we use a proprietary version of
SimuCad’s SILOS™ 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
acombinationof TSIM™ (developed on Meta-Software’s
Circuit Path Finder™) and SILOS.

6-9



Custom/Semicustom
Capabilities

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 TANCELL™
software, performs physical design far more rapidly than canbe 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 ANITA™, 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 commercial layout-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 Pegasys™ 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 onboth 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 ™
FOR RAPID DELIVERY OF RELIABLE ICs

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 (PROMIS™). The
PROMIS system:

* manages inventory information,

= tracks wafers in process,

« monitors the clean room environment
« performs statistical process control.

PROMIS™ provides computer-controlled (i.e.,
. 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. PROMIS 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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Capabilities

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 | [ SILICON SYSTEMS |

Design Specifications

and Requirements |

Initial Design Review

A

Design Components
« Schematic Capture
« Simulation

* Netlisting

'
'
'
]
'
'
!
'
/

Final Design Review

il

* Automatic Placing
and Routing or
Hand-Packed Layout

* Automatic Circuit

Trace
v

Final Layout Review

v

Test Program Creation
Photomask
Wafer Fab
Prototype

(Assembly, Test, Ship)

-

PR T U S g P

Evaluate Prototype

v :

Verify System Function [~ Final Review

v

Release to Production
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Capabilities

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

SILICON SYSTEMS

IC and Test
Specification

H

Initial Design Review

—

Design Cell/Circuit

—»

Review Cells,
as required

—

Complete Design
and Analysis

| Final Design Review

Schematics
Database Tape
Special Layout Info
Test Secification

3

4
’
'
'
'

_!_’

Interactive
Physical Layout
& Automatic
Circuit Trace

'
’
'
'
1

L

Final Layout Review

SR

Test Program Creation
Photomask
Wafer Fab

Prototype

(Assembly, Test, Ship)

L

Evaluate Prototype

—

’
’

Verify System Function

Final Review

v

Release to Production
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SECTION 1 J
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 (MSICs™). 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 test/inspection 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 techniques, analytical controls
and other quantitative methods ensuresthat 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.

Reliabilty &
Quality Assurance
Sr. Vice President

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 President/CEQ.

SECTION 2: QUALITY ASSURANCE
2.1 QUALITY OBJECTIVES

While all Silicon Systems employees have directresponsibility
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

Exacufive
Secrotary | | Sy
Quality Program R&QA
Managers Director
Configuratiorv Corporate Reliabili Failure Corporate R&QA
Documg‘n‘: Control Oualllsrﬁssuunce Engir\eeri'ry\g Analysis S.Q.C. - sign
Manager Manager Manager Manager Manager Corporate Fellow

-
'
'
'
'
'
'

Site QA
T T anta G, l 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 builtinto 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.
Rigorous evaluation of designs, materials, and pro-
cessing procedures.

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

5. Ongoing reliability monitors and process verifications.

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

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

8. Timely corrective action system.
9. Control of non-conforming material.

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

2.21 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 throughout the
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.

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’stransition 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
Wafer Probe Monitor
Probe Gate

Prep for Assembly

Ship to Assembly

Assembly
Assembly Gates & Monitors

Receive from Assembly
DPA, Mark Perm. & Solderability Monitors

Assembly Gate

Final Test
AQL Sample

D Manufacturing

O Process Control Gates

Test Gate
Finished Goods
Pack and Ship Gate A Process Control Monitor

Ship to Customer <> Quali
Final

FIGURE 2
Process Control Gates and Monitors

Assurance
utgoing Inspection
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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. |dentification of defect causes andinitiation of corrective
action.

3. Measurementof results and setting ofimproved goals.

The data summarized from the established PPM program is
compiled as a ratio of units rejected/tested. This ratio is then
expressed in terms of defective parts per million (PPM).
Founded on a statistically valid database of PPM data and an
established five-year strategic plan identifying PPMimprove-
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.
PROMIS 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
Production Monitors
Evaluations
Failure Analysis
Data collection and presentation for improvement
projects

a s

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
criteriafor end use. A large database generated by means of
accelerated stress testing results 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 asthey 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 hightechnical 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 85°C/85° %4 RH Resistance to high humidity with bias

High temperature operating life (HTOL)

Mil 883C, 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

Mil 883C, Method 1010

Resistance to thermal excursion (air)

Thermal shock

Mil 883C, Method 1011

Resistance to thermal excursion (liquid)

Salt atmosphere

Mil 883C, Method 1009

Resistance to corrosive environment

Constant acceleration

Mil 883C, Method 2001

Resistance to constant acceleration

Mechanical shock

Mil 883C, Method 2002

Resistance to mechanical shocks

Solderability

Mil 883C, Method 2003

Evaluates solderability of leads

Lead integrity

Mil 883C, Method 2004

Evaluates lead integrity before board assembly

Vibration, variable frequency

Mil 883C, 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 883C, 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-883C
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 condition to a
normal use temperature condition.

The model basically states FR = A exp(-Ea/KT)
Where:
FR = Failure rate
A = Constant
Ea= Activation Energy (eV)
K = Boltzmann’s constant 8.62 x 10 eV/ degree K
T = Absolute temperature (degree K)

7-4

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 vital.
ESD safe procedures are incorporated throughout all opera-
tions which come in contact with these devices. Continuous
improvement in the ESD protection levels is being accom-
plished through the incorporation of increasingly robust pro-
tection devices during the circuit design process.

Silicon Systems’ quality activity incorporates several protec-
tion measures for the control of ESD. Some of the preventive
measures include handling of parts at static safe-guarded
workstations, the wearing of wrist straps during all handling
operation, the use of conductive lab coats in alltest 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-LINE PACKAGE (DIP) PINS PAGE NO.
Plastic 8,14,16 & 18 8-5
20, 22, 24 & 24S 8-6
28,32 & 40 8-7
Ceramic 8,14,16 & 18 8-8
22,24 & 28 8-9
SURFACE MOUNTED DEVICES (SMD)
PLCC (Quad) 28,32 & 44 8-10
52 & 68 8-11
Quad (Fine Pitch) 52 & 100 8-12
Small Outline (SOIC) 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
Flatpack 10, 24, 28 & 32 8-16

*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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Silicon Systems
Packaging Matrix
Ordering Information

Package Type 8 {1014 |16 |18 |20 [22 |24 (28 |32 |34 | 36 [ 40 | 44 | 52 | 68 | 100

Plastic DIP

300 mil X X | X | X | X S

400 mil X

600 mil X| X ] X X

Cerdip

300 mil X X| X | X |X

400 mil X

600 mil X|X X

Side Braze

300 mil X X | X | X | X S

400 mil X

600 mil X | X X

Small Outline

150 mil X X | X

300 mil X X XX X | X X

400 mil X

Flatpack X X X

Chip Carrier X X

Plastic Quad

XX X[

Ceramic Quad

QFP X X

8-1



Silicon Systems
Communication Products

Package Types
PACKAGE TYPE
DEVICE TYPE P S* H N L W _QFP
Quad
Small Fine
Plastic PLCC QOutline Pitch
SSI173D2180
73K222U 40 44
73D620 40 44
SSI 73D2291/2292
73M235 44
73D640 44
73D631 44
SSI73D2404
73M214 28 28
73D215 28 44
73D216 40 44
SSI 73D2407
73M214 28 28
73D215 28 44
73D218 40 44
73D221 32 32
SS173D2417
73M214 28 28
73M215 28 44
73D219 40 44
73D225 32 32
SSI173D2240
73K224L 28 32
73D600 40 44
SS| 73D2420/2421
‘ 73D680 100
73D681 44
73D682 32
SSI 73K212/212L 22,28 28
SSI 73K221/221L 22,28 28
*Narrow

8-2



Silicon Systems
Communication Products

Package Types
PACKAGE TYPE
DEVICE TYPE P S* H N L W QFP
Quad
Small Fine
Plastic PLCC Outline Pitch
SSI 73K222/2221 22,28 28
SSI 73K222U 40 44
SSI 73K224L 28 32, 44
SSI 73K302L 22, 28 28
SSI 73K322L 22,28 28
SSI 73K324L 28
SSI173M214 28 28
SSI 73M223 16
SSI 73M235 48 44
SSI 73M376 28
SSI 73M450/450F 40 44
SSI| 73M450L/450LF 40 44
SSI 73M550 40 44
SSI 73M650/1650 28, 40 28, 44
SSI 73M1450/2450 28 28
SSI 73M1550/2550 28 28
SSI 75T201 22
SSI 75T202/203 18
SSI 757204 14 16L
SSI 75T2089/2090 22
SSI 75T2091 28 28
SSI 757957 22 241
SSI175T980 8 16L
SS175T981/982 22
SSI 78A093A/093B 40 44
SSI 78A207 20
SSI 78P233 24, 24S 24L
SSI178P234 20 20L
SSI 78P236 28
SSI78P2361 28 *
SSI 78P2362 28
*Narrow
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Optional

32B
32C
32D
32H
32M
32P
32R
34B
34D
34P
34R
35P
73D
73K
73M
75T

PRODUCT CATEGORY

HDD Interface
HDD Controller
HDD Data Recovery

HDD Head Positioning

HDD Motor Speed Controller
HDD Pulse Detection

HDD Read/Write Amp

FDD Interface

FDD Data Recovery

FDD Pulse Detection

FDD Read/Write Amp

Tape Drive Pulse Detection
Modem Device Set

K-Series Modem
Modem/Modem Support
Tone Signaling

Analog Telecom

Digital Telecom

DEVICE RELEASE NUMBER

TYPE LEVEL OF
3 or 4 Digits (Revision) CHANNELS
A through E

MODIFIERS

J Burn-In (168 Hours)

K Burn-In (48 Hours)
LJ  Low Noise Burn-In (168 Hours)
L Low Power

LN  Low Noise

LQ Low Noise, Resistor, Mirror Iimage
LR  Low Noise, Resistor

M Mirror Image

S  Serial Version

SL . Low Power Serial

R  Damping Resistor
RM  Resistor, Mirror Image

U  On-Chip UART

Cannot use A-E in left position

TEr2049ITI0NMO00

PACKAGE TYPE

Side-Brazed Ceramic

Ceramic Dip

Flat Pack

QFP (25 mil. pitch)

PLCC

Plastic Dip

Metal Can

Plastic, Skinny Dip

Small Outline, Narrow (150 mil.)
Small Outline, Large (300 mil.)
Small Outline, Wide (400 mil.)
Small Outline, Large (31.6 mil. pitch)

c
|
M

TEMPERATURE RANGE

Commercial (0 °C to +70 °C)
Industrial (-40 °C to +85 °C)
Military (-55 °C to +125 °C)

uoiiuyysg squinN

Buneylepy 1onpo.id plepuelis

swalsAg uoaljIs
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.015 (0.381) ™ o
.023 (0.584)
e oo e o Ol s N e e B s I o M e
PN NO. 1 | o
IDENT.
PV BV I R B L B B B R
1.290 (32.766) - .
1200 (30.450) 24-Pin Plastic

160 (4.084
125 ii.n'a)

065 (1.651)
015 (o:ml}

——| Io— 100 TYP. (2.540)

:015 ’DJM
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Package Information

i T ke O e U o e O o O e Yl O e e o e B o

) 560 (14.224)
B30 (13462)
PNNO. 1
IDENT. |
L WL LI T O R L T R LT L
1.450 (36 830)
1.380 (3.052)
.oes((vg?;
zzo(sw ; } - \
B3 l.lﬁ}
o] ﬂﬁﬁ lﬁﬁﬁ lﬂﬂﬂf t
B J lOOTYP (2540) ':g‘(qi_::%

.015 (0.381)
023 (0.584)

28-Pin Plastic

PINNO. 1
IDENT.

i T 0l T kA e i O e e N 0 ke W e
) ssogtza))
R RLV ALY LIV R RPN R IR RV

1.670 (42.418)

1,625 (41.275)

32-Pin Plastic

%%‘r_tf—l
i I i
:|W{l:054, N f
100TYF (2540)

— ] f— '015 (0438:)

RN AR e WAl e Ba L oL e W

) .560 :l.zZ‘
PNNO. 1, | o l
DENT.

T U
2702570 40-Pin Plastic
Fi

,:w {u‘m N ( ?

—>| I-—.wu TYP. 2.540)
015 (0.381)
-023 (0.584)
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Package Information
(Cerdip)

o T s T e B

I B I T ]

325 {&255‘ 325 (8.255,
290 (7.366) ) 'W%‘D‘E{‘ 0.332 (8.433)
PINNO. 1 " ‘ PNNO.1 [e 0.280 (7.112)
IDENT. N — : s g e e gy e g e gy
0.550 (13.970) 0.770 (19.558) 0.325 (8.255)
0.380 (9.652) 0.690 (17526) 0.290 (7.366)
0.020 0.020
MN
MIN 0175 0.475 (4.445)
J MAX TT05 (266N
1 -3 0.175 (4.445) 0.012(0.305)
T 0.125 0012 _y TIBEIT 0,008 (0293)
0.125 0.038 MIN -‘WTVP—-I "- [
0.030 0-15° e
0.100 TYP 15 008 0965 01125 (3:175;

8-Pin Cerdip

14-Pin Cerdip

I ]

) 260 (6.604
240 (6.096;
PINNO. 1 (e
IDENT. |50 s gy S S gy s gy S g ! 0.332 (8.433)
0.280 (7.112)
0.830 (21.082)
0.770 (19.558) 0.325 (8.255) . .
0290 (7.%6) 16-Pin Cerdip
0.020
0175 (4.445)
* ©.105 (2.667) (
f 0.175 (4.445) 021 (0533) |
6125 (3.175) 0015 (0.381)
ADoTYP—Dl l‘— t—
0.030 (0.965) 0.125 (3.175) 0-15° -
MIN 0,030 (2.413)
P S S S S
b 325 (8.255)
290 (7.366)
PINNO. 1
le
IDENT.
O 7 O J T 00 7 0332
MAX
0930 (23.622) MAX
0325
MAX " .
18-Pin Cerdip
060
0020
0175
‘ 0.105
0475 0012
t BIZ o8
.|oo'rvp.(zs4o)——| |<— —’ |' ——-|I<—
o-15°
0.060 0.021
o3 0015



Package Information

e B 0.432 (10.973)

PINNO. 1
IDENT.

s s v sy s s e gy i

1.120 (28 448) MAX 0.420 (10.668)
MAX

0.010 (0.254) Mn.l < .

0.060 (1.524) 0.175 (4.445
0,015 (0.508) 1 WS—}
1 TF ormswas 0023 0580)
0.125 (3.175) 0015 (0.381)

00 TYP, (2. m)——| |-—

0.060 (1.524) 0. oza (o 584) 0-15°
0.038 (0.965) 0.015 (0.381)

22-Pin Cerdip

I I W — I — W1

) 0.632 (16.053)
MAX
PINNO. 1
IDENT. “
= e E == m e R
1.220 (30.998) MAX 24-Pin Cerdi
-FIn Cerai
0,625 (15.875) p
MAX
0.010 (0.254) MIN
* 0190 (4 826)
0070(1.778) i 0085 (2.159)
0020 (0.508) |
0.175 (4.445) 0.023(0.584)
I o178 0015 (0:381)
A00TYP. 0.060(1.524) 0023 (0.584)
(2540) 0.038(0965)  0.015(0381) 15 ~—
P e e o S S S Y
) 0.632 (16 053)
MAX
PN NO. 1
IDENT. -
0 OJ OO OO OO0 OO OO OO OO OO OO o .
1.430(36.322) MAX . -
0.625(15.875) 28'Pln Cerdlp
MAX
0.190 (4.826) —
0,190 (4.826) i 0,085 (2.159)
TRE %)
175 (4.445) 0023 (0.584)
.125 (3.175) 0.015(0.381)

A00TYP. 0060(1.524)  0.023 (0 584)

(2540) 0038(0965) 0015(0381) 0-15°—o)
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Package Information
PLCC (Quad)

495 (12.573) 075 (1 508
485 (12.319) -075 (1.905)

! i 065 (1.651) _]
R

v ] N }
i ] 165 (4.191)
80 (4572 I
q PIN NO. 1 IDENT. : wusn i
awsirzery I wsoresn "I I“ o0 (1.270) 045 (1.140)
As(2319) ] [] 501430 16 (0406) 520 (0508)
1 7020 (0.508)
i N (0.508)
1390 (9.906)
I I 4% (10.922)
{ 1] \ .
e T e 28-Pin Quad
PLCC
456 (11.650)
. 450 (11.430) >
[ 453 (11.51)
9 (11.40) oz3
K7 _l
S oo o oo \
v
q i 140 (3.56) f
) PINNO. 1 IDENT. b 1233.12) i
0 | wea ] o] e Loeosm
78 (1.9
595 (15.11) I I 553 (14.05) 078 (1.%8) o3 032
EgToa| 549 (13.54) o
i 300 REF (7.62 RER) /wo REF (10.16 REF)
1
[ I
430 (10.92) /sso (13.46)
! I I 7390 (9.91 y 4% (12.45) 1
i 1} B
495 (1257) |
‘ 485 (12.32) . PLCC
695 (17.655)
075 (1.906)
885 (17.399) W1
/ I 1 .uo(’.sm ?
: - @m
PINNO. 1 IDENT. i
i 0 *
i 1] —>l lq_»so(mzn) s (1)
( I 1016 (0.406) 020(0.505)
i h 7025 (0.508)
695 (17.655) 856 (16.662)
8% (17.9%) | 0 650 (16.510) u.____“'g'(:;:‘;
i 1}
i i
i i}
[ i
I i}
h | S e g e gy e gy ey S g e gy avn gy l_JA
44-Pin Quad
656 (16.662)




Package Information

785 (19.939) 075 (1.905)
795 (20.193 X
( ) 065 (1.651) ¢

/ )
165 (4.191) 191)
{ I ~200(5.080) oeo) }
PIN NO. 1 IDENT.
[ 1
785 (19.939) [ I 750 (19.050) 050 TYP (1.270) 045 045 (1.140)
795 (20.193) || 0 756 (19.202) o0 face 7020 (0.508)
h 7020 (0.508)
0
l i 690(17.272)
730 (18.542)
( I
\_ J
—J ) T T T T .7
750 (19.050)
~ 756 (19.202) .
52-Pin Quad PLCC
985 (25.019) -
BT 075 (1.905)
.065 (1.651) _‘;
[ [ ) ] [ 4
E 165 (4.191) 191)
~200(5.080) i
PIN NO. 1 [DENT.
I
985 (25.019) ] es0 (24.130) 050 TYP (1.270) 045 (1.140)
595 (25.273) 0 958 (24.333) ot a8 020 (0.508)
7020 (0.508)
I
] . 890(22605) ‘
< s30(m522)
I
' SNS— SN R S R SU Ry SN S SN i S Ry S o
950 (24.130)
058 (24.333)

68-Pin Quad PLCC
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Package Information
Quad (Fine Pitch)

1030(0.76)

[N —
N
{1 —

{1 —

L ]

JUHUENY

01—
026(0.65) TYP. J_

- DUOmogw

379(9.6%0)
393(10.130)
= jﬂ:ﬁ\}m %:
054 (2.13)
+ 2.8 dagroos
028 (70

006 (15) }
012 (30)
542

§

1377)
74.03)

52-Lead Quad Fine Pitch

PIN No. 1 Indicator

il

(8 —

t
012(30) }

016 (40)

936 (23.77)

772(19.62)
536 (24.09) B

792(2012) .

AAAAAAAAA

[/ —
Ll]:
026 (.65) TYP —}_ ar—]

AAAAAAAA

oA AAAAAAAAT

IR

ULHEHLEUULUEE

536 (13.62)

556 (14.12)

102(26)

110(28)

12
1006 {.15) __}_

512(30)

700 (17.77)

710(1803)
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Package Information
(SON)

—I.’ }4\ .050 TYP. (1.270)

(A0

160 (4.064)
150 (3.810)
PIN NO.1 ¥
BEVEL
200 (5.080) 245 (6.229)
185 (4.699) 230 (5.842)
‘ 010 (0.254)
070 (1.778) B | | 7003 (0.07) ‘ |
T | i Vi

.185 (4.699)
.170 (4.318)

016 nm) _>‘ l“‘ f

8-Pin SON

050 TYP. (1.270)
agaanaonnn
1159 (4.04)
48078 14-Pin SON
e — :
0.350 (8.890) .244 (6.20)
0330 (8.362) 228 (5.80)
010 (0.254)
069(1.75) B f ) 004
"004 (0.10)
sy (EFARAARLL
-;»l l«—.ms nom (0.40) oos0a2n) \>‘
0.016 (0.40)
’-:— 050 TYP. (1.270)
o0nnaonaonn
160 (4.064)
150 (3810)
PIN NO.1 . * i
BEVEL > 16-Pin SON
guooouul
.400 (10.160) 1245 (6.223)
.380 (9.652) 1230 (5.842)

N

010 (0.254)
070 (1.778) B

1 ‘l .003 (0.076)
sy (ARARAALE
{
—>| lﬂ— .016 nom (0.40)

.185 (4.699)
170 (4.318)
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Package Information

(SOL)

.092 (2.336) J

—>I |<— 1016 nom (0.40)

.050 TYP. (1.270) .050 TYP. (1.270)
qonnnnn qnaonaoonnn
305 (7.747) 305 (7.747)
.285 (7.239) Zz g(;os::” 285 (;239)
E - PINNO.1
PINNO.1 BEVEL —™
BEVEL_>UL|ULIUD"UU Y guouunouuun
0.54 465 (11.811)
:;: 20.03;; 445 (11.303)
. . i’i‘“ﬁ’ﬂ p 010 (0.254)
[ \ 010(0254) -320 (8.128) 110 2704 3 [ 3 003 (0.076)
.10 (2.794) .003 (0.076) 7002 (2.3%) Y i
.092 (2.336) i S
r— — 1 —>‘ Iq—,msnom (0.40)
—bl Id—.ms nom (0.40)
16-Pin SOL 18-Pin SOL
050 TYP. (1.270) 050 TYP. (1.270)
anaoonaonann aaoonaopanaonn
.420 (10.668)
.305 (7.747) 350 (9.908) .305 (7.747)
.285 (7.239) -390 (3.906) .285(7.239)
PIN NO.1 * *
IR ARy JUo0U0ounn
515 (13.081) .615(15.621) o
495 (12.573) .335 (8.509) 1595 (15.113)
\ 1010 (0.254) 320 (8.128) 1102780 .010(0.254)
1110 (2.790) .003 (0.076) '092 :z':ae; 1003 (0.076)
i UTTTY

—>| lq-ms nom (0.40)

20-Pin SOL 24-Pin SOL
——( lq\.osoTYP. (1.270)
goaonooonaonaonann
305 (7.747)
285 (7.239)
:gqvgf).t * 28-Pin SOL
gubodbtouunuooun
- 715 (18.161) - 1420 (10.666)
695 (17.653) 1390 (9.906)
010 (0.254)
110 (2.790)

R X 1003 (0.076)
=) maﬁﬁmﬁmﬂ?

—-PI Idv 016 nom (0.40)
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Package Information
(SOL/SOM/SOW)

1050 TYP. (1.270)

Aoonnaonaonoonoanan

puad e 32-Pin SOW

PINNO.1 i

= T OUU0000000000000

1820 (20.828) | | 490 (12.446) ;l
795 (20.193) 520 (13.208)
1013 (0.330)
110 (2.790) 003 (0.076)
092 (2.336) R -
->| l‘- T 435 (11.049)
.016 nom (0.40) TYP. 420 (10.668)
.016 nom 040 TYP. (1.02)
gananoaonnaonaonn
12890 (7.34)
2902 (7.60)
:lENVrE«eA i 34-Pin SOL
16968 (17.70) 12890 (7.34)
i 7130 (18.11) - 2992 (7.60)

.0039 (0.10)

] fa ) | — N\
.0925 (2.35) 0118 (0.30)
1060 (2.69) y l Ji

.3937 (10.00)
4183 (10.65)

~>I L—ms (0.40) TYP.

HAAARAARAAAABAARAAAAAR

B
L S ¥ 36-Lead SOM
B HHHHHEHHHHEEHHEEHEEE (Fine Pitch)
1604 (15.354)
584 (14.846) r 041 (1.04)
110 (2.790) £ 003 (0.076) sl

S 'iiiiiiiiiiiiiii|ii F——h
=esy  UHAHARARAARAARAAAAARA] =
} .335 (8.520)
—»I Lﬁoso(ois)rva ~>1 L.oa!s(o,eo)WP.—»IL—.016(0.4°)TYP~ 28 dagrees sz
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PINNO.1
BEVEL

44-Lead SOM

0875 (2.223)

11054 (2.677),

\ N _+_ 007 (.17)
T -

(Fine Pitch)
BARAAAARAAAAAAAAAAR
305 (7.747) 420 (10.668)
EHHEHEHHHEBEEHEEHHEEEH
730 (18.542) |
1710 (18.034) r 041 (1.04)
3 1004(0.10) [ \
R I
- T 1335 (8.520)
J L.m(o.75)WP. -J L.oets(o,eo)‘rva——lL—.ote(vo)‘NP. 2:8 dogrees 320 {8.140)

Package Information

L

(Flatpack)
ls M|
| * | | 2 -
: 1 ‘ l I : - !: — 1
- ' = A B 1 m—— —
L ‘—(f)_ 4  E—— ::T
C 1 a
: L] — E
L ] fi B
ll : g _L —— —|
— ) 1  —— —
= e 1
A e ‘
|"" W _'l F b _Q R R
Eeasl 4 e 7 f = T
e T
Flatpack Flatpack
24-Leads 10, 28, 32-Leads
?';gé eadl plBlc|Dp|E|F|L]|a]|w
E 10 900 .015 .045 .090 .200 .004 .250 .074 .250
: 019 | 055 | max | typ | 007 | 260 | typ | 260
.015 .050 .087 .567 .004 .391 .075 .264
F 24 -900 .019 typ max typ .007 | .405 typ .276
E o8 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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Glossary

ACK -“Acknowledge” character. Atransmission 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.

ALGORITHM- A prescribed set of well-defined rules for
the solution of aproblemin 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 alltimes. 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 - Signalinthe form of a continuously
varying physical quantity such as voltage, whichreflects
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 - Areply message from a terminal that
verifies that the correct terminal has been reached and
that it is operational.

APPLICATIONLAYER- The top of the seven-layer OSI
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 atatime as they are
keyed. Contrast with synchronous.

ASYNCHRONOUS TRANSMISSION - Transmission
inwhich eachinformation character, or sometimes each
word or small block, is individuaily 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.

AUTOBAUD - 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
which allows the user to dial preprogrammed numbers
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 overagiven circuit. The bandwidth determinesthe
rate at which information canbe 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 signalin
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 transfer of data. Also
called bisync and BSC. Although still enjoying wide-

spread usage, it is being replaced by IBM's more
efficient protocol, SDLC.

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; Mbit/s, 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
telephoneline, i.e., acircuit that operates at a frequency
of 20 kHz or greater. Broadband channels are used for
high-speed voice and data communications, radio and
televisionbroadcasting, 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 inrate 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) usedto terminate
adigital circuit, such as DDS or T1 at the customer site;
performs certain line-conditioning 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.

CHARACTER - Letter, figure, 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, typicallly 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 systemimpedance inone state and avery
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 incorporatedinto 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.
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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 UNIT (DSU) - A device that replaces
amodemon a Digital Data Service (DDS) line. The data
service unit regenerates the digital signals for transmis-
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 Kbit/s. 2) Dataphone
Digital Service. An AT&T leased line service offering
digital transmission at speeds ranging from 2400 to
56 Kbit/s.

DELAY DISTORTION - The change ina signalfromthe
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 atemporary connectionviathe
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 information 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 circuitry 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-Line 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 of the 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
patterntermed “S1” which is used in V.22bis to indicate
2400bit/s capability. The fulldescriptionis “unscrambled
double dibit 00 and 11 at 1200 bit/s for 100 + 3 ms.”

DS-1 - Digital Signal level 1; telephony term describing
adigital transmission format in which 24 voice channels
are multiplexed into one 1.544 Mbit/s (U.S.) T1 digital
channel. ‘

DS-3 - Digital Signal level 3; telephony term describing
the 44.736 Mbit/s digital signal carried on a T3 facility.

DTMF - Dualtone Multifrequency (DTMF) - Basis for
operation of most push button telephone sets. An in-
band signallingtechnique inwhich a matrix combination
of two frequencies, each from a group of four, are used
to transmit numerical address information; it encodes
16 possible combinations of tone 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,
1336 Hz, 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
indirectionto the one beingused. 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-
cation232D. Previously thishasbeenknownas RS232C.
The logical characteristics are essentially similar to
those specified in CCITT recommendation V.24 and the
electrical characteristics to those in V.28.

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 equipmentin a communica-
tions system that controls the connection of incoming
and outgoing lines, and includes the necessary signal-

ing and supervisory functions. Different exchanges, or
switches, can be costed to perform different functions,
e.g., Localexchange, trunk exchange, etc. See Class of
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.

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 thatturn a device onand
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 (i.e., 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 controlinformation 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.
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FREQUENCY BANDS - Frequency bands are defined
arbitrarily as follows:

Range (MHz) Name

0.03-0.3 Low frequency (LF)

0.3-3.0 Medium frequency (MF)

3-30 High frequency (HF)

30-300 Very High frequency (VHF)

300-3000 Ultra high frequency (UHF)

3000-30,000 Super high frequency (SHF) (micro
wave)

30,000-300,000 Extremely high frequency

(EHF)(millimeterwave)

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 bit/s or slower.

FULL-DUPLEX - Pertaining to the capability to send
and receive simultaneously.

GAIN - Denotes anincrease in signal power intransmis-
sionfromone point to another, usually expressed in dB.

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

HALF-DUPLEX - Pertaining to the capability to send
and receive but not simultaneously.

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.

HERTZ (Hz) - Ameasure of electromagnetic frequency;
one hertz is equal to one cycle per second.

HF - High Frequency.

HIGH FREQUENCY (HF) - Portion of the electromag-
netic spectrum, typically used in short-wave radio appli-
cations. Frequencies in the 3 to 30 MHz range.

Hz - See Henrtz.

IEEE - Institute of Electrical and Electronics Engineers.

INITIALIZE - To set counters, switches, addresses, or
contents of storage to zero orother starting values at the
beginning of, or at prescribed points in, the operation of
a computer routine.

INTERFACE - A hardware and/or software linkbetween
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
central offices (Class 5 offices), or between Class 2, 3,
or 4 offices; also called intertoll trunk.

ISO - International Organization for Standardization.

ITU - International Telecommunications Union. The
parent organization of the CCITT.

JITTER - 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.

KEY PULSING (KP) - Manual method of sending
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
onetelephone line per setis required, pushbutton orkey
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-
ing intercommunications, visual and audible signals,
cutoff, exclusion, and signaling.

KP - Key Pulse (signaling unlocking signal). See Key
Pulsing.

kHz - Kilohertz, kilocycles per second.

KTU - Key Telephone Unit. See Key Service Unit.

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 usedfor voice ordata, 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 - Atransient disturbance causing adetectable
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
0S| model, between the physical and the network
layers.

LOADING COILS - Aninductance coil installed atregu-
lar intervals along a transmission line. Used to improve
the quality of voice grade circuits.

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.

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. Aiso 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
froma computerorterminal;the modematthe 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.




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 8-bit code words, or samples, and a
sampling rate of 8 kHz.

Ms - Millisecond. One-thousandth of a second.

MULTIPLEXER - Device that enables more than one
signal to be sent simultaneously over one physical
channel.

MULTIPLEXING - Division of atransmissionfacility 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 multiplex), or by allotting this com-
mon channel to several different information channels,
one at a time (time-division multiplexing).

MUX - See Multiplexer.

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
isonthe 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, OSl is a logical structure for network
operations standardized within the ISO; a seven-layer
network architecture being used for the definition of

network protocol standards to enable any OSI-compat-
ible computer or device to communicate with any other
OSl-compliant computer or device for a meaningful
exchange of information.

OVERFLOW - Excess traffic on a particular route,
which is offered to another (alternate) route.

PABX - Private Automatic Branch Exchange. See
Exchange, Private Automatic Branch (PABX).

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.

PROPAGATIONDELAY - The period betweenthe 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-
bolsto encode information. A reference oscillator deter-
mines the phase angle change of the incoming signal,
which in turn 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.
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PULSE CODE MODULATION (PCM) - A method of
transmitting information by varying the characteristics
of a sequence of pulses, interms of amplitude, duration,
phase, or number. Usedto convert ananalog 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 - Equipment that 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) Inanalogtransmission, equipmentthat
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 viaanLED orlaser-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 atthe number vary
widely.

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.

RINGING TONE - Tone received by the calling tele-
phone indicating that the called telephone is being rung.
Also called Ringback.

SCRAMBLER/DESCRAMBLER - A scrambler func-
tionuses a defined method for modifying a data stream,
inorderto makethe altered data streamappear random.
A descrambler reverses the effect of the scrambler
using the previously defined method to recover the
original 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.

SIGNAL-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
directiononly. Contrast with half-duplex and full-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 abinary zero. Inan 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.

STOP-BIT - In asynchronous transmission, the quies-
cent state following the transmission of a character;
usually 1-, or 2-bit times long. '




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 or characters,
and thus is faster and more efficientthan asynchronous
transmission. The timing is achieved by transmitting
sync characters prior to data or by extracting timing
information from the carrier or reference.

SYNCHRONOUS NETWORK - Network in which all
the communications links are synchronized to a com-
mon clock.

SYNCHRONOUS TRANSMISSION - Transmission
process where the information and control characters
are sentatregular, clocked intervals so that the sending
and receiving terminals are operating continuously in
step with each other.

T-CARRIER - A time-division multiplexed, digital trans-
mission facility, operating at an aggregate data rate of
1.544 Mbit/s and above. T-carrier is a PCM system
using 64 Kbit/s for a voice channel.

T1 - Adigital facility used to transmit a DS-1 formatted
digital signal at 1.544 Mbit/s; the equivalent of 24 voice
channels.

T1C/T2/T3/T4 - Digital carrier facilities used to transmit
signals at 3.152M, 6.312M, 44.736M, 274.176 Mbit/s,
respectively.

T3 - A digital carrier facility used to transmit a DS-3
formatted digital carrier signal at 44.736 Mbit/s; the
equivalent of 672 voice channels.

TOUCH-TONE - An AT&T trademark 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.

TRANSCEIVER - Device that cantransmit and receive
traffic.

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 half-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.

TWO-WIRE CIRCUIT - Circuit formed of two conduc-
tors insulated from each other, providing a send and
return path. Signals may pass in one or both directions.

VIDEOTEX - Aninteractive 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,
such as binary 0 = space, binary 1 = mark.

V.2 (1) - Specification of power levels for data transmis-
sion over telephone line.

V.4 - Definition of the order of bit transmission, the use
of a parity bit, and the use of start/stop bits for asynchro-
nous transmission.

V.5 - Specification of data-signaling rates (bit/s) for
synchronous transmission in the switched telephone
network.

V.6 - Specification of data signaling rates (bit/s) for
synchronous transmission on leased telephone cir-
cuits.

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.16 - Description of the transmission of ECG (electro-
cardiogram) signals on the telephone channel.

V.19 - Description of one-way parallel transmission
modems using push-button telephone sets.

V.20 - Description of one-way parallel transmission
modems, excluding push-button telephone sets.

V.22bis - Operating at 1.2 Kbit/s, encodes two con-
secutive bit (dibits); the dibits are encoded as achange
relative to the previous signal element.

V.22bis - Operating at 2.4 Kbit/s, 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.25bis - (2) - Specifications for automatic-answering
equipment.

V.28 - Description of unbalanced interchange circuits
operating below 20 Kbit/s.

V.29 - Operating at 9.6 Kbit/s, 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 Kbit/s, 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 Bit/s).

V.31bis - Description of low-speed interchange circuits
(up to 1.2 Kbit/s).

V.32-Operating at 9.6 Kbit/s, encodesfour consecutive
bits (quadbits); the bits are mapped to a QAM signal.

V.32 - Operating at 9.6 Kbit/s 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 Kbit/s, encodes two consecutive
bits (dibits), which are mapped to a QAM signal.

V.42 - Defines a method of error control.
V.42bis - Defines a method of data compression.

Note: In the United States, EIA RS-496 specifies these
measurements and RS-366 specifies these procedures.

VOICE-GRADE CHANNEL - a channel with a fre-
quency range from 300 to 3000 Hz and suitable for the
transmission of speech, data, or facsimile.

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 M i Bits y Back | GSTN Leased Equalization | Scrambier
Standard | Rate - Separation | Frequency Method Rate Encoded or Channel Lines
(Bivs) Duplex (Hz) (Baud) Asynchronous
‘-~ {: a00" Ve | Frequency’ Fraguency . . - K B "~ T -
2% ok f 1080, & 1 o 1 . Etther ND h{ N . ND Ni
v 3_00‘ TR L Diision - ‘ov 81750 St 3oo ‘ 1 E or o5 o | No o
Frequency Phase . - Point-to-Point
V.22 1200 Full Division 1200, & 2400 Shift 600 21 Either ND Yes 2-Wire Fixed Yes
e aso |- . .| Froquency A\ Phaso . . g . 3 Point-to-Paint
V.22 800" - : Ful " Division. | 120082400 | g’ 800 - i Eithat . ND Y«? 2Wire Fixed vgs
Quadrature- . " .
va2uis | 2400 Full F’gg‘.:i;”" 1200, & 2400 | Amplitude 600 41 Either ND | Yes |Pointto-Point | Fixed/ Yes
n Modulation 2-Wire Adaptive
- T Erech . - | Quadrature- .- .. . | " .
ahia’ | Y200 1 Frequency . X . : . [ Point-to-Point Fixed o
iz | e |y | oo | Ay | w0 | m || o | e (PR B e
v.23 600 (1) Half NA 1300, & 1700 ;’:g:;m 600 NA Either Yos | Yes No ND ND
vza. . fracoqy| - Hat | WA | 130082100 | FOOUETEY g0 NA Efther Yes | Yes ' No ND- ND
' Phase Point-to-Point
V.25 2400 Full 4-Wire 1800 Shift 1200 21 Synchronous Yes No Mun"zoim ND ND
4-Wire
Voess | 2400 | Ha¥  |. NA 1800 Fhase 1200 21 | Synchronous | Yes | Yes No  Fixed ND
V.26bis 1200 Half NA 1800 Pgah;e 1200 11 Synchronous Yes Yes No Fixed ND
& 4 Echo Phase . . - { Point-to-Point .
stur ‘ 2400, Em’n_rv Ganceliation . 1800 Shit 1200 21 Fnhor_ ND _Yes 24 Eih?r Yos
. Echo Phase . . Point-to-Point N
V.26ter 1200 Either Cancellation 1800 Shit 1200 11 Either ND Yes 2-Wire Either Yes
vizr - | ad00 Eithor - | ND (3 1800 Phase. 1600 31 | Synchronous | Yes. | No Yos (3) Manual Yos .
V.27bis 4800 Either 4-Wire (4) 1800 Pg:;: 1600 31 Synchronous Yes No ivw:;’ Adaptive Yes
.. P ol - . . Phase . . ‘2-Wire, .
V.z‘nzis | 2400 Enher 4TW|19 4) 1800_'- - shitt 1290 29 Smhm@us Ya§ No “Wire Aqapt}vov_ sz
V.2Tter 4800 Half None 1800 Ps":;: 1800 3:1 Synchronous Yes Yes No Adaptive Yes
vaner - | 2000 | Har Nane 1806 Frase. | 1200 21 | synchronois | Yes | Yes | . No Adaptive | Yes
Quadrature- . "
v.2e 9600 Either 4Wire 1700 "Amplitude 2400 a1 | synctronous | No | Mo [PointieRoimt | agapive Yes
Modulation
. y . Phase . Point-to-Point .
V.29 7209 Euh?r 4Wire 1700 Shift (5) 2400 31 Synchranous ND No 4 Wire Adaptive Yes
v.20 4800 Either 4-Wire 1700 gr?ﬁs(“s) 2400 21 Synchronous | ND [ No | PeintloPoint | agapiyg Yes
. . - Quadrature- . s -Poil .
. - Echo . . : . - Point-ta-Point - ‘v
V.:f?v ?600 Full Gancellation 1800 m:lt:::n 2400 41 ) Synqhmqous ND Tles 2-Wire Adaptive Yes
Quadrature- . .
Full Echo - . Point-to-Point .
V.32bis 14400 (proposed) | Cancallation 1800 m:lt:;:n 2400 41 Synchronous ND Yes 2-Wire Adaptive Yes
var | o | R | Eeme 1800 i 2400 | 51 | Syhronous | ND | ves |PoiHoPoint | i Yos
-~ o T [ Cancellation Modulation A " 2-Wite :
Quadrature- . .
Echo . . Point-to-Point .
V.32 4800 Full Canceliation 1800 I:':::l‘:::n 2400 211 Synchronous ND Yes 2-Wire Adaptive Y?s
V.33 - | 14400 Half Synchronous ND Yes Adaptive Yes
Bell (U.S.) Standard
R c S B 22258 ‘F R . . . .
" ann Tequency 1270{m) raguency g P )
B 193 R 300 R T atision 20258 “Shitt 300 1.1» En{hel' No Yos 2 No . Fixod No
IS B ) - 1070(s) S : o S -
201 2400 Half None 1800 Pg::: 1200 211 Synchronous No Yes Poirg::z;::oim Adaptive Yes
202 | 1200 | Hat - | Nene | 120082200 | FSK | 1200 1 *Either Yes | Yes |Pomtto-Point | g No
Quadrature- . .
208 4800 Halt None 1800 Amplitude 1600 31 Synchronous No Yes Point-to-Point Adaptive Yes
Modulation 2Wire
. Frequency Phase N N - . .
212 1200 Fult Division - 120[)&2400 Shift 600 21 Either No Vof Nt? Fixed Yes .

1. Biv's not used in specification; rate stated in baud

4. For half-duplex, 2-wire used

2. Half-duplex may still use a backward channel

5. Amplitude is constant on a relative basis

3. Makes no mention of 4-wire (must be assumed)

ND = Not defined (i.e., not specified in the recommendation)
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Section

SALES OFFICES/
DISTRIBUTORS




North American
Regional Offices & Sales Representatives

EAST I
HEADQUARTERS

Wayne Taylor, Manager

Silicon Systems, Inc.

53 Stiles Road

Salem, NH 03079

Ph: (603) 898-1444

FAX: (603) 898-9538

ALABAMA

Technology Marketing Assoc. (TMA)
Huntsville

Ph: (205) 883-7893

FAX: (205) 882-6162

CONNECTICUT

NRG, Ltd.

Fairfield

Ph: (203) 384-1112
FAX: (203) 335-2127

FLORIDA

Technology Marketing Assoc. (TMA)
Orlando

Ph: (407) 857-3760

FAX: (407) 857-6412

Deerfield Beach
Ph: (305) 427-1090
FAX: (305) 427-1626

Largo
Ph: (813) 541-1591
FAX: (813) 545-8617

GEORGIA

Technology Marketing Assoc. (TMA)
Atlanta

Ph: (404) 446-3565

FAX: (404) 446-0569

MARYLAND
Burgin-Kreh Associates
Baltimore

Ph: (301) 265-8500
FAX: (301) 265-8536

MASSACHUSETTS
Mill-Bern Associates
Wobum

Ph: (617) 932-3311
FAX: (617) 932-0511

NEW JERSEY

Technical Marketing Group
West Caldwell

Ph: (201) 226-3300

FAX: (201) 226-9518

NEW YORK

Electra Sales
Rochester

Ph: (716) 427-7860
FAX: (716) 427-0614

East Syracuse
Ph: (315) 463-1248
FAX: (315) 463-1717

Technical Marketing Group
Melville

Ph: (516) 351-8833

FAX: (516) 351-8667

NO. CAROLINA
Refer calls to TMA Atlanta, Georgia

PENNSYLVANIA
Omni Sales
Erdenheim

Ph: (215) 233-4600
FAX: (215) 233-4702

VIRGINIA

Burgin-Kreh Associates
Lynchburg

Ph: (804) 239-2626
FAX: (804) 239-1333

CENTRAL BN
HEADQUARTERS

Mike Traviolia, Manager

Silicon Systems, Inc.

340 W. Butterfield Rd., Suite 4B
Elmhurst, IL 60126

Ph: (708) 832-3111

FAX: (708) 832-3172

Administrative Office:

Silicon Systems, Inc.

2201 N. Central Exp., Suite 132
Richardson, TX 75080

Ph: (214) 669-3381

FAX: (214) 669-3495

Automotive Sales Office:
Detroit (F.AE.)

Ph: (313) 462-2133
FAX: (313) 462-2405

ILLINOIS

Phase Il Marketing
Rolling Meadows
Ph: (708) 806-1330
FAX: (708) 806-1349

INDIANA

STB Associates
Indianapolis

Ph: (317) 844-9227
FAX: (317) 844-1904

10WA

Cahill, Schmitz & Howe
Cedar Rapids

Ph: (319) 377-8219
FAX: (319) 377-0958

KANSAS

B.C. Electronics
Kansas City

Ph: (913) 342-1211
FAX: (913) 342-0207

KENTUCKY

Technology Marketing Corp. (TMC)
Louisville

Ph: (502) 893-1377

FAX: (502) 896-6679

MICHIGAN

A.P. Associates
Brighton

Ph: (313) 229-6550
FAX: (313) 229-9356

MINNESOTA

OHMS Technology, Inc.
Minneapolis

Ph: (612) 932-2920
FAX: (612) 932-2918

MISSOURI

B. C. Electronics
Bridgeton

Ph: (314) 739-6683
FAX: (314) 344-3180

OHIO

Makin Associates
Cincinnati

Ph: (513) 871-2424
FAX: (513) 871-2524

Dublin
Ph: (614) 793-9545
FAX: (614) 793-0256

Solon
Ph: (216) 248-7370
FAX: (216) 248-7372

TEXAS

OM Associates, Inc.
Austin

Ph: (512) 794-9971
FAX: (512) 794-9987

Richardson
Ph: (214) 690-6746
FAX: (214) 690-8721

Houston
Ph: (713) 789-4426
FAX: (713) 789-4825

WISCONSIN

Phase Il Marketing
Rolling Meadows, IL
Ph: (414) 771-9986
FAX: (414) 771-9935

SOUTHWEST I
HEADQUARTERS

Mel Marchbanks, Manager

Silicon Systems, Inc.

454 Carson Plaza Drive, Suite 209
Carson, CA 90745

Ph: (213) 532-1524, 3499

FAX: (213) 532-4571

ARIZONA

Western High Tech Marketing, Inc.
Scoftsdale

Ph: (602) 860-2702

FAX: (602) 860-2712

CALIFORNIA

Hadden Associates
San Diego

Ph: (619) 565-9444
FAX: (619) 565-1802

SC Cubed

Thousand Oaks

Ph: (805) 496-7307
FAX: (805) 495-3601

Tustin
Ph: (714) 731-9206
FAX: (714) 731-7801
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COLORADO

Lange Sales

Littleton

Ph: (303) 795-3600
FAX: (303) 795-0373

NEW MEXICO

Western High Tech Marketing, Inc.
Albuquerque

Ph: (505) 884-2256

FAX: (505) 884-2258

UTAH

Lange Sales

Salt Lake City

Ph: (801) 487-0843
FAX: (801) 484-5408

NORTHWEST I
HEADQUARTERS

Jon Tammel, Manager

Silicon Systems, Inc.

2840 San Thomas Exp., Suite 140A
Santa Clara, CA 95051

Ph: (408) 980-9771

FAX: (408) 748-9488

TLX: 171-200

CALIFORNIA

Magna Sales

Santa Clara

Ph: (408) 727-8753
FAX: (408) 727-8573

OREGON

Western Technical Sales
Beaverton

Ph: (503) 644-8860
FAX: (503) 644-8200

WASHINGTON

Western Technical Sales
Bellevue

Ph: (206) 641-3900
FAX: (206) 641-5829

Spokane
Ph: (509) 922-7600
FAX: (509) 922-7603

CANADA I
BRITISH COLUMBIA

Enerlec

Richmond

Ph: (604) 273-0882

FAX: (604) 273-0884

ONTARIO

Har-Tech
Downsview

Ph: (416) 665-7773
FAX: (416) 665-7290

Nepean
Ph: (613) 726-9410
FAX: (613) 726-8834

QUEBEC

Har-Tech

Pointe Claire

Ph: (514) 694-6110
FAX: (514) 694-8501



International

Distributors & Sales Representatives

EUROPE NSRRI ITALY

HEADQUARTERS

R. Sharman, District Sales Mgr.
Silicon Systems, Int'l
Woodpeckers, The Common
West Chiltington

West Sussex RH20 2PL, UK
Ph: (44) 79-881-2331

FAX: (44) 79-881-2117

TLX: 878411 SILSYS G

AUSTRIA

Allmos GmbH

Wien

Ph: (43) 1-627-1953
FAX: (43) 1-627-102112

BELGIUM

Alcom 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

TLX: 895-4213 PRONTO G

FINLAND

Komdel Oy

Espoo

Ph: (358) 0-885011
FAX: (358) 0-885-327
TLX: 121926 KOMDL SF

FRANCE

Datadis, S.A.

Massy Cedex

Ph: (33) 1-69-20-41-41
FAX: (33) 1-69-20-49-00
TLX: 603167 F

GERMANY

Atlantik Elektronik GmbH
Martinsried

Ph: (49) 89-857-0000
FAX: (49) 89-857-3702
TWX: 5215 111 ALECD

GREECE

Peter Caritato & Associates, Ltd.
Athens

Ph: (30) 1-802-0115

FAX: (30) 1-901-7024

TLX: 216-723 CARI GR

ISRAEL

Rapac

Tel Aviv

Ph: (972) 3-477115
FAX: (972) 3-493272
TLX: 342173 RAPAC IL

Cefra S.p.A.

Milano

Ph: (39) 223-5264
FAX (39) 2236-0249
TLX: 314543 CEFRA |

THE NETHERLANDS

Alcom Electronics BV

2908 LJ Capelle A/D IJSSEL
Ph: (31) 10-451-9533

FAX: (31) 10-458-6482
TLX: 26160 ALCOM NL

NORWAY

Hans H. Schive
Asker

Ph: (47) 2-900900
FAX: (47) 2-904484
TLX: 19124 SKIVEN

PORTUGAL

Diode

Lisbon

Ph: (351) 1-571390
FAX: (351) 1-534987

S0. AFRICA

South Continental Devices
Pinegowrie

Ph: (27) 11-789-2400
FAX: (27) 11-886-2929
TLX: 4-24849 SA

SPAIN

Diode

Madrid

Ph: (34) 1-555-3686
FAX: (34) 1-556-7159
TLX: 42148 DIODE E

SWEDEN

Bexab Technology AB
Taby

Ph: (46) 8-732-8980
FAX: (46) 8-732-7058
TLX: 136888 BEXTE S

SWITZERLAND

Ellyptic AG

Zurich

Ph: (41) 1-493-1000
FAX: (41) 1-492-2255
TWX: 822-542 ELYP CH

YUGOSLAVIA
Ellyptic AG
Maribor

Ph: (38) 62-24561

FAR EAST EEEEENESNSENREN THAILAND

HEADQUARTERS

K. S. Ong, District Sales Mgr.
Silicon Systems, Singapore
3015A UBI Road 1 #03-01
Singapore 1440

Ph: (65) 380-9157

FAX: (65) 281-3423

AUSTRALIA

R & D Electronics
Victoria

Ph: (61) 3-808-8911
FAX: (61) 3-808-9168
TLX: 790-33288

HONG KONG

CET, Ltd.

Wanchai

Ph: (852) 520-0922
FAX: (852) 865-0639

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

Internix

Tokyo

Ph: (81) 3-369-1105
FAX: (81) 3-363-8486
TLX: 781-26733

KOREA

Hanaro Corporation
Seoul

Ph: (82) 2-558-1144
FAX: (82) 2-558-0157

MALAYSIA

Dynamar Computer Products
Penang

Ph: (60) 4-637292

FAX: (60) 4-637319

TLX: MA40750 DYNAMA

Petaling Jaya
Ph: (60) 3-7767199
FAX: (60) 3-7767201

SINGAPORE

Dynamar Computer Products
Ph: (65) 281-3388

FAX: (65) 281-3308

TLX: RS26283 DYNAMA

TAIWAN

New Dynamar International
Taipei

Ph: (886) 2-777-5670 thru 5674
FAX: (886) 2-777-5867

TLX: 785-11064 DYNAMAR
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Dynamar Computer Products
Bangkok
Ph: (662) 278-3690
(662) 278-5722
FAX: (662) 271-3815

SOUTH AMERICA IR
ARGENTINA

Yel S.R.L.

Buenos Aires

Ph: (54) 1-46-211

FAX: (54) 1-45-2551

TLX: 390-18605

BRAZIL

Hitech

Sao Paulo

Ph: (55) 11-531-9355

FAX: (55) 11-240-2650

TLX: 391-11-53288 HTHB BR

CHILE

Victronics, Ltd.

Santiago Centro

Ph: (56-2) 2237698
(56-2) 330237

FAX: (56-2) 334432

TLX: 340168 VICTOR CK

MEXICO

Panamtek
Guadalajara, Jalisco
Ph: (52) 36-303029
FAX: (52) 36-30-3115




North American
Authorized Distributor Offices
All locations are “Hall-Mark Electronics” except as noted.

ALABAMA FLORIDA NEW JERSEY CANADA I
Huntsville Clearwater Mt. Laurel
Ph: (205) 837-8700 Ph: (813) 530-4543 Ph: (609) 235-1900 ONTARIO
5 Har-Tech Electronics
ARIZONA Orlando Fairfield Downsview
Phoenix Ph: (305) 855-4020 Ph: (201) 575-4415 Ph: (416) 665-7773

Ph: (602) 437-1200

Pompano Beach NEW YORK BRITISH COLUMBIA
Aved, Inc. Ph: (305) 971-9280 Ronkonkoma Enerlec
Phoenix Ph: (516) 737-0600 Surrey
Ph: (602) 951-9788 GEORGIA Ph: (604) 888-1667
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
St. Louis WISCONSIN
Ph: (314) 291-5350 New Berlin

Ph: (414) 797-7844
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Ph (714) 731-7110, Fax (714) 669-8814

of » i Silicon Systems, Inc.
J ﬂ‘(m 14351 Myford Road, Tustin, CA 92680

Printed in U.S.A.




