








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DESCRIPTION 

The SSI 34R575 device is a bipolar monolithic inte­
grated circuit used in floppy disk systems for head 
control and write, erase, and read selectfunctions. The 
device has either two or four discrete read, write, and 
erase channels. Channel select inputs are ITL com­
patible. The SSI 34R575 device requires +5 V and 
+ 12 V power supplies and is available in 18-pin 
(2-channel version) or 24-pin (4-channel version) dual 
inline packages. 
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SSI 34R575 
2 or 4-Channel Floppy Disk 

Read/Write Device 

November 1991 

FEATURES 

• Operates on +5 V, +12 V power supplies 

• TWO or four channel capability 

• ITL compatible control Inputs 

• Read/Write functions on one-chip 

• Internal center tap voltage source 

• Supports all disk sizes 

• Applicable to tape systems 

PIN DIAGRAM 
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GND 4 21 HOY 
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DY 8 17 H2Y 

DX 9 16 H3X 

rn-. WIT 10 15 H3Y 
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CAUTION: Use handling procedures necessary 
for a static sensitive component. 



SSl34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

FUNCTIONAL DESCRIPTION 

The SSI 34R575 functions as a write and erase driver 
or as a read amplifier for the selected head. Two TTL 
compatible inputs are decoded to select the desired 
read/write and erase heads. Head select logic is 
indicated in Table 1. Both the erase gate (EG) and 
write gate (WG) lines have internal pull up resistors to 
prevent an accidental write or erase condition. 

MODE SELECTION 

The read or write mode is determined by the write gate 
(WG) line. The input is open collector TTL compatible. 
With the input low, the circuit is in the write mode. With 
the input high (open), the circuit is in the read mode. In 
the read mode, or with the +5 V supply off, the circuit will 
not pass write current. 

ERASE 

The erase operation is controlled by an open collector 
TTL compatible input. With erase gate (EG) input high 

PIN DESCRIPTION 

NAME TYPE DESCRIPTION 

Vee +5V 

VDD +12V 

(open) or the +5 V supply off, the circuit will not pass 
erase current. With EG low, the selected open collec­
tor erase output will be low and current will be pulled 
through the erase heads. 

READ MODE 

With the WG line high, the read mode is enabled. In the 
read mode the circuit functions as a differential ampli­
fier. The state of the head select input determines 
which amplifier is active. When the mode or head is 
switched, the read output will have a voltage level shift. 
External reactive elements must be allowed to recover 
before proper reading can commence. A current 
diverting circuit prevents any possible write current 
from appearing on a head line. 

WRITE MODE 

With the WG line low, externally generated write cur­
rent is mirrored to the selected head and is switched 
between head windings by the state of the write data 
(WO) signal. 

HOX-H3X X, Y head connections 
HOY-H3X 

DX,DY X, Y Read Data: Differential read signal out 

WG Write gate: sets write mode of operation 

we Write current: current mirror used to drive floppy disk heads 

WO Write data line 

EG Erase gate: allows erasure by selected head 

EO-E3 Erase head driver connections 

HSO-HS1 Head select inputs 

GND Ground 

VCT Center Tap Voltage Source 
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SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

TABLE 1: HEAD SELECT LOGIC 

4-CHANNELS 

HS1 HSO HEAD 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

2-CHANNELS 

HS1 HEAD 

0 0 

1 1 

ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 
(Operating above absolute maximum ratings may damage the device.) 

PARAMETER RATING UNIT 

DC Supply Voltage: Vee 6.0 v 
Vdd 14.0 v 

Write Current 10 mA 

Head Port Voltage 18.0 v 
Digital Input Voltages: DX, DY, HSO, HS1, WO -0.3 to+ 10 v 

EG,WG -0.3 to Vee+ 0.3 v 
DX, DY Output Current -5 mA 

VCT Output Current -10 mA 

Storage Temperature Range -65 to+ 150 oc 
Junction Temperature 125 oc 
Lead Temperature (Soldering, 10 sec.) 260 oc 
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SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

RECOMMENDED OPERATING CONDITIONS (0°C<Ta<50°C, 4.7 V<VCC<5.3 V, 11 V<VDD<13 V) 

PARAMETER CONDITIONS MIN NOM MAX 

Vee Supply Current 

Read mode Vee MAX 15 

Write mode Vee MAX 35 

Voo Supply Current 

Read mode VooMAX 25 

Write mode VDDMAX 15 

Write Current 5.5 

ERASE OUTPUT 

PARAMETER CONDITIONS MIN NOM MAX 

Erase' On Voltage IE =80 mA 0.7 1.3 

Erase Off Leakage 100 

LOGIC SIGNALS 

PARAMETER CONDITIONS MIN NOM MAX 

Head Select (HSO, HS1) and Write Data (WD) 

Low Level Voltage -0.3 0.8 

High Level Voltage 2.0 6.0 

Low Level Current V1N = O volts -1.6 

High Level Current V1N = 2.7 volts 40 

WRITE GATE (WG) and ERASE GATE (EG) 

Low Level Voltage -0.3 0.81 

High Level Input Current -300 

Low Level Current V1N = 0 volts -2.0 

9-28 

UNIT 

mA 

mA 

mA 

mA 

mA 

UNIT 

voe 
µA 

UNIT 

voe 
voe 
mA 

µA 

voe 
µA 

mA 
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READ MODE 

PARAMETER CONDITIONS 

Differential Gain f = 100 kHz, Vin= 5 mV Rms 

1--· 
RL = 10 kn 

Bandwidth Vin= 5 mVRms 
RL = 10 K CL = 15pF 

Input Voltage Range for 95% f = 100 kHz, RL = 10 K 
Linearity 

Differential Input Resistance f = 1 MHz 

Differential Input Capacitance f = 1 MHz 

Input Bias Current 

Input Offset Voltage 

Output Voltage, Common Mode 

Output Resistance 

Output Current Sink 

Output Current Source 

Common Mode Rejection Ratio f = 1 MHz (input referred) 

Power Supply Rejection Ratio f = 1 MHz (input referred) 

Channel Separation f = 1 MHz (input referred) 

Input Noise BW = 100 Hz to 1 MHz, 
z Source= O 

WRITE MODE 

PARAMETER CONDITIONS 

Write Current Gain IW=5.5 mA 

Write Current Voltage Level IW=5.5 mA 

Differential Head Voltage IW=5.5mA 

Unselected Head Current IW=5.5 mA 
DC Condition 

Write Current Unbalance IW=5.5 mA 

Write Current Time Symmetry IW=5.5 mA 

Read Amplifier Output Level 

Center Tap Voltage (Read and Write Modes) 

1191 - rev. 9-29 

SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

MIN NOM MAX UNIT 

80 100 120 VN 

9 MHz 

25 mVpp 

100 kQ 

10 pF 

25 µA 

12 mV 

8 voe 
35 Q 

2 mA 

3 mA 

50 dB 

50 dB 

50 dB 

7 µVRMS 

MIN NOM MAX UNIT 

.97 1.05 AJA 

1.2 2.1 voe 
12.5 voe 

0.1 mA 

1 % 

±10 ns 

10.5 voe 
8.5 voe 



SSI 34R575 
2 or 4-Channel Floppy 
Disk Read/Write Device 

SWITCHING CHARACTERISTICS 

PARAMETER 

Write and Erase 
Gate Switching Delay 

Head Select Switching Delay 

Head Current Switching Delay 

Head Current Switching Time 

Write to Read Recovery Time 

WO 

HEAD 
CURRENT 

CONDITIONS 

Delay to 90% of Write Current 

T1 in Fig. 1 

IW = 5.5 mA Shorted Head 

MIN 

FIGURE 1: Head Current Switching Delay 
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NOM MAX UNIT 

1 µsec 

1 µsec 

10 nsec 

10 30 nsec 

2 µsec 
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PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

E2 24 E1 

E3 2 23 EO 

vDD 3 22 HOX 

GND 4 21 HOY 

EG 5 20 H1X 

HS1 6 19 H1Y 

HSO 7 18 H2X 

DY 8 17 H2Y 

DX 9 16 H3X 

WG 10 15 H3Y 

Vee 11 14 VCT 

WD 12 13 WC 

24-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

SSI 34R575 24-Pin DIP 

SSI 34R57518-Pin DIP 

SSI 34R575 
2 or 4-Channel Floppy 

Disk Read/Write Device 

H1Y 18 N/C 

H1X 2 17 VCT 

HOY 3 16 WC 

HOX 4 15 WO 

EO 5 14 Voo 

E1 6 13 WG 

Vee 7 12 DX 

GND 8 11 DY 

EG 9 10 HS1 

18-Pln DIP 

ORDER NO. PKG.MARK 

34R575-4CP 34R575-4CP 

34R575-2CP 34R575-2CP 

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

Silicon Systems, Inc .. 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 
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DESCRIPTION 

The SSI 348580 device is a bipolar integrated circuit 
that serves as an input/output port expander for an 
8084 type microprocessor based floppy disk drive 
system. The device consolidates functions normally 
performed by a variety of LSTTL, SSI, AND MSI 
devices. The combination of an SSI 34P570 (read, 
write, and erase device), an 8048 type microprocessor, 
and the SSI 348580 provides the majority of electron­
ics required for a SA400 type floppy disk drive system, 
including host interface bus driver and receiver. In 
addition to its port expansion function, the SSI 348580 
processes system data and provides both pulse width 
and delay control (adjustable by external elements) for 
the INDEX SENSOR input. The device requires a 
single +5 V power supply and is available in a 28-pin 
package. 
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FEATURES 

SSI 348580 
Port Expander 

Floppy Disk Drive 

July 1990 

• Reduces package count in flexible disk drive 
systems 

• Replaces bus Interface and combinational 
logic devices between the SSI 34P570, on 
board microprocessor and mechanical Inter­
faces 

• Surface mount available for further real 
estate reduction 

• Provides drive capability for mechanical and 
system Interfaces 

" 

J ... 
j P21 

P22 

J 1'23 

J wm 

GNl 

') 

)I1 IVllXl£ 

::i .._.... 
J EDV 

J Wll'l'ROT 

....... 

PIN DIAGRAM 

... 28 P22 

Vee 27 P21 

WlmE1ll 26 P20 

ll!!mllrnll 25 NOT USED 

1llR 24 WRl'llllT 

m 23 1!EXlW 

.,,,,.. 
22 TmlR'll' 

PROO 21 GND 

WR PROT SENSOA 20 WllltTE 

TRACK 0 SENSOR 10 19 'RllElr 

l\IDEXSENSOR 11 18 mrnro:mT 

GND 12 17 RD DATA IN 

WCD 13 16 T1 

wcw 14 15 wm 

CAUTION: Use handling procedures necessary for 
a static sensitive component. 
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SSI 348580 
Port Expander 
Floppy Disk Drive 

FUNCTIONAL DESCRIPTION 

PORTS 

The SSI 348580 has two 4-bit input ports, Port A and 
Port B. Port A receives data from the host interface bus 
for conveyance to the drive's read/write circuitry and to 
the microprocessor. Three sensors report the status of 
the drive to the 348580 via Port B. Common to both 
ports is a drive select (DS) signal from the host inter­
face bus. This allows the hostto address separate disk 
drives. There is also a 4-bit bidirectional port on the 
S~I 348580. This is port 2 and it can be used by the 
microprocessor to write to or read from the 
SSI 348580. 

READ MODE 

Ports A and B can be read by a microprocessor via Port 
2. This allows the microprocessor to obtain data from 
the host interface bus and the status sensors. The 
PROG signal from the microprocessor provides the 
timing for the operation. First an OP code and a port 
address must be placed on Port 2 (see Table 1), then 
latched in on the falling edge of PROG. When the OP 
code and addresses have been decoded the desired 
input port is selected and output on Port 2. The 
op~ration is terminated by the rising edge PROG, 
which returns Port 2 to the input mode. 

WRITE MODE 

In the write mode the microprocessor passes system 
param~ters to the SSI 348580 for logic processing and 
outputting. Table 2 shows how each bit of Port 2 affects 
the SSI 348580. A logic one on the zero bit of Port 2 
~ill reset the index latch. P21, qualified by the DS 
signal, sends a ''this drive ready" signal from the 
microprocessor the the host interface bus. Similarly 
P22 is DS qualified and sent to the host as a signal that 
the head is positioned over track 0. P23 is used in the 
logic that sends a R/W signal to the drive's read/write 
circuitry. The write mode occurs when the proper OP 
code and address is placed on Port 2 and latched in on 
the falling edge of PROG (see Table 2). The micropro­
cessor writes in the data on PROG's rising edge. 

9-34 

INDEX PULSE 

An optical sensor connected to the INDEX SENSOR 
pin detects the diskette's index marker. The state of the 
index sensor is latched into the SSI 348580 and is 
available to be read by the microprocessor on P22. 
The latch may be reset by writing a one to P20 from the 
microprocessor. The pulse received from the sensor 
also drives the host interface signal INDEX, the width 
and delay of which can be controlled by external R/C 
circuits. The time constant attached to the RIC D pin 
determines the delay from the INDEX SENSOR input 
to the INDEX signal on the host interface bus. The 
equation for the delay is Td = 0.59Rd x Cd (seconds). 
The width of the INDEX signal is determined by the 
circuit attached to the RIC W pin and the equation Tw 
= 0.59Rw x Cw (seconds). 

INTERRUPT 

The INTR signal is asserted every time a step com­
mand is issued to the drive on the host interface bus. 
Thus when INTR is tied to the interrupt pin of 8048 type 
microprocessor, an interrupt service routine will be 
executed on each step command. This routine typi­
cally obtains information on the direction the heads 
should move and the status of the track O sensor to use 
for generating the stepper motor control signals. The 
interrupt signal is cleared (set high) by first placing the 
the proper OP code and address on Port 2 (seeTable 
2). This is latched in on the falling edge of PROG, then 
on its rising edge logic ones on P20 and P21 will be 
latched in to set INTR back to a high state. Note that 
an indeterminate operation will result from holding the 
INDEX SENSOR latch reset (holding P20 high). 

T1 PIN 

This signal changes state with the STEP command of 
the host interface bus when the drive is selected. It 
drives the T1 pin on an 8048 type microprocessor 
which is an input to a counter. The 8048 can use this 
count and the DIR signal read from Port 2 of the 
SSI 348580 to monitor the head position and issue a 
CB (current boost) command to the SSI 34P570 when 
a specific track is reached. 

0790- rev. 



INPUT TO PORT2 READ FROM PORT 2 

OP 
Code Addr. 
P22 P20 P23 P22 P21 

0 0 DS Index WR 
Sensor Sensor 
Latch 

0 1 OS WGATEIN MOTOR ON 

TABLE 1: Read Mode 

INPUT TO PORT2 DATA PROCESSED FROM PORT 2 

OP 
Code Addr. 
P22 P20 WGATE TRAC KO READY 

1 0 z (P22•DS) (P21•DS) 

1 1 

Where Z = (P23 •WR PROT SENSOR)+ (OS• WGATEIN) 

TABLE 2: Write Mode 

~ TAGG 

PORT2 OUTPUT VALID 

FIGURE 1: Timing Diagram 
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SSI 348580 
Port Expander 

Floppy Disk Drive 

4-BIT 

Input 
Port 

P20 

Track 0 B 
Sensor 

DIR A 

Index 
Latch 

INTR Reset 

P20 

See 
Text 

TOR 
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SSl348580 
Port Expander 
Floppy Disk Drive 

PIN DESCRIPTIONS 

NAME TYPE 

P20 - P23 1/0 

WGATE IN I 

MOTOR ON I 

DIR I 

DS I 

INDEX SENSOR I 

WR PROT SENSOR I 

TRACK 0 SENSOR I 

STEP I 

T1 0 

RD DATA IN and 1/0 
RD DATA OUT 

WGATE 0 

INDEX 0 

TRACKO 0 

READY 0 

WR PROT 0 

PROG I 

INTR 0 

R/C D and R/C W 

Vee 

GND 

DESCRIPTION 

4-bit bidirectional port, referred to as Port 2. 

This input command to write is asserted by the host interface bus. 

This input command to tum on the spindle motor comes from the 
host interface bus. 

Input from the host interface bus selecting the direction in which the 
stepper motor should move the head. 

Drive Select 

Input from the photodiode that indicates the index marker in the 
diskette. 

Input from the photodiode that indicates if the diskette is write 
protecteq. 

Input from the photodiode that detects when the head is positioned 
over track 0. 

Input from the host interface bus indicating that the head should be 
moved. 

This pin changes state when a STEP command is received from the 
host interface bus. 

Read data path 

Output to the disk drive's read/write circuitry. 

Output to the host interface bus indicating index sensor status. 

Output to the host interface bus indicating track 0 sensor status. 

Output to the host interface bus indicating track O sensor status. 

Output to the host interface bus indicating write protect sensor 
status. 

Input from the 8048 microprocessor for 1/0 control of the 
SSI 348580. 

Output to the interrupt pin of the 8048 microprocessor. 

The external resistor and capacitor networks tied to these pins 
determine the delay and width of the output pulse to the INDEX pin. 

+5 V supply 

Ground 
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ELECTRICAL SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS (All voltages referred to GND) 

SSI 348580 
Port Expander 

Floppy Disk Drive 

Operation above absolute maximum ratings may permanently damage the device. 

PARAMETER RATING UNIT 

DC Supply +7 VDC 

Voltage Range (any pin to GND) -0.4 to+ 7 VDC 

Power Dissipation 700 mW 

Storage Temperature -40 to+ 125 oc 
Lead Temperature (10 sec soldering) 260 oc 

ELECTRICAL CHARACTERISTICS 
(Unless otherwise specified, 4.75 ~Vee~ 5.25 VDC; 0°C <Ta< 70°C) 

PARAMETER CONDITIONS MIN NOM MAX UNIT 

Totem pole outputs (P20 - P23, INTR, T1) 

Output High Voltage IOH = -400 A 2.5 v 
Output Low Voltage IOL = 2 mA 0.5 v 
Open collector outputs (RD DATA OUT, INDEX, WGATE, TRACKO ,READY, WR PROT) 

Output High Current VOH = 5.25V 250 µA 

Ou!E_ut Low Volt<!Q_e 10L=48 mA 0.5 v v 
Inputs (P20- P23, PROG, RD DATA IN) 

Input High Voltage 2.0 v 
Input Low Voltage 0.8 v 
Input Low Current VIL= 0.5 V -0.8 mA 

Input High Current VIH = 2.4 V 40 µA 

ln~t Current Vin= 7.0 V 0.1 mA 

Schmitt - Trigger Inputs (WGATE IN, MOTOR ON, DIR, DS, STEP) 

Threshold Voltage Positive Going, Vee= 5.0 V 1.3 2.0 v 
Negative Going, Vee= 5.0 V 0.6 1.1 v 

H_y_steresis Vcc=5.0V 0.4 v 
Input High Current VIH = 2.4 V 40 µA 

Input Low Current VIL= 0.5 V -0.4 mA 

Input Current VIN= 7.0 V 0.1 mA 

9-37 

II 



SSl34B580 
Port Expander 
Floppy Disk Drive 

High Impedance Inputs with Hysteresis ( WR PROT SENSOR, TRACK 0 SENSOR, INDEX SENSOR) 

PARAMETER CONDITION MIN NOM MAX UNIT 

Input High Voltage 2.0 v 
Input Low Voltage 0.8 v 
Hysteresis 0.2 v 
Input Current Vin= Oto Vee -0.25 mA 

TIMING CHARACTERISTICS (Unless otherwise specified; Ta= 25°C; 4.75V :'>Vee:'> 5.25V; CL= 15 pf.) 

PARAMETER CONDITION MIN NOM MAX UNIT 

Propagation Delay Time RD DATA IN to RD DATA OUT 35 ns 

DS to WGATE, TRACK 0 READY 80 ns 
WR PROT,RD DATA, INDEX 

PROG to INTR, WGATE, TRACK 0 100 ns 
(Rising edge) READY, WR PROT 

WR PROTto WGATE, 250 ns 
WR PROT SENSOR 

WGATE IN to WGATE 80 ns 

STEP to T1, P20 80 ns 

TRACK 0 SENSOR 
WR PROT SENSOR to Port 2 250 ns 
INDEX SENSOR 

MOTOR ON 
WGATE IN to Port 2 80 ns 
DS 

Data Setup Time DIR to STEP 50 ns 

Data Hold Time DIR to STEP 0 ns 

Delay Accuracy Td = 0.59 Rd x Cd 0.8TD 1.2TD sec 
(Pin 13) Ro= 3.9 K to 10 K 

Co= 75 pF to 300 pF 

Pulse Width Accuracy Tw = 0.59 Rw x Cw 0.8Tw 1.2Tw sec 
(Pin 14) Rw = 3.9 K to 10 K 

Cw = 75 pF to 300 pF 
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SSI 348580 
Port Expander 

Floppy Disk Drive 

PORT 2 (P20 - P23) TIMING (Timing Referenced to PROG signal, Figure 1.) 

SYMBOL 

TSA 

THA 

TSO 

THO 

TACC 

TOR 

TPW 

D 

c::§::i 
SPINDLE 
t.llTOR 

... 
+HDo 

·HD 

+HO 

-HO 

E1 

EO 

DESCRIPTION 

Addr. setup time 

Addr. hold time 

Data-in setup time 

Data-in hold time 

Data-out access time 

Data-out release time 

PROG pulse width 

.,. ·IN +JN G1 G2 D1 

SSI 348570 
DATA PATH 

CHIP 

co RlR 

.... 

LEO 
INUSE 

T• 

1l'ITI! 

~ RlR 

02 

ROP 

MIN NOM MAX UNIT 

100 ns 

80 ns 

100 ns 

80 ns 

700 ns 

200 ns 

1500 ns 

+SV +SV 

p p 
TD PW 

WDI 
WDI 

Hso.flllO 
HS<>lll!O 

HOST 
INTERFACE 

BUS 

OS• 
OS2 

RD DATA mr 

SS 348570 
JIOPORT 

EXPANDER 

I 
STEPPER MOTOR ..,._IV\.~--o .sv 

FIGURE 2: Typical Application 
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SSI 348580 
Port Expander 
Floppy Disk Drive 

PACKAGE PIN DESIGNATIONS 
(TOP VIEW) 

P23 28 P22 

Vee 2 27 P21 

WliAi'nli 3 26 P20 

~ 4 25 NOT USED 

l5llf 5 24 ~ 

1l! 6 23 llEAllV 

llm' 22 TRACKO 

PROG 8 21 GNO 

WR PROT SENSOR 9 20 ~ 

TRACKOSENSOR 10 19 1RilEX 

INDEX SENSOR 11 18 Rb DATA OUT 

GND 12 17 RD DATA IN 

RICO 13 16 T1 

F\ICW 14 15 mm 

28-Pln DIP 

ORDERING INFORMATION 

PART DESCRIPTION 

$$1348580 
28-Pin DIP 

$$1348580 
28-Pin PLCC 

I i 0 

~ "' ~ 0 0 ~ ~ > 

m NOT USED 

m Wlfl'ROT 

"STEJI 'FIEAD'i' 

PROO TllAeRO 

WR PROTSENSOR GND 

TRACK 0 SENSOR wrnlTE 

INDEX SENSOR mEX 
12 13 14 15 16 17 

0 0 ;: 
~ ;::: ':!!: 

I 
z ~ 0 
Cl i'f < 

!;;: 
0 
0 
a: 

28-Pln PLCC 

ORDER NO. PKG.MARK 

348580-CP 348580-CP 

348580-CH 348580-CH 

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

Silicon Systems, Inc., 14351 Myford Road, Tustin, CA 92680, (714) 731-7110, FAX: (714) 573-6914 

«:>1989 Silicon Systems, Inc. 9-40 0790- rev. 







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

This is a story about leadership. Silicon Systems is dedi­
cated to taking the point in the creation of high-performance, 
application-specific custom, Mixed-Signal Integrated Circuits 
(MSICs™). 

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

No one's more experienced 

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

Technique Application 

CUSTOM SOLUTIONS 

Faster to market for mixed-signal applications 

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

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

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

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

Silicon Systems Designed Examples 

CMOS Signal Processing For analog continuous time and sampled 73K224 complete single-chip 2400 biVs 
data (switched-capacitor implementation) modem 
and Digital Signal Processing (DSP) . C301 single-chip telephone headset 
applications. Low-power capability also amplifier 
allows inclusion of ROMs, RAMs, and . 14.4 kbit modem 
other analog/digital subsystems. . Direct-broadcast satellite descrambler . Motor controllers . Hi-resolution analog data acquisition 

Bipolar Signal Processing For high-performance, low noise, . Sub 1 nV/vHz HDD R/W amplifiers 
wideband signal acquisition and process- . AGC, pulse detection amplifiers 
ing applications. Offers TTL and/or EGL . High-speed data separators 
logic interfaces with high current drive. Wideband transceivers . PLLs (Phase Locked Loops) 

Optical signal processing 

Digital CMOS For ASIC controllers, sequencers and data . Hard disk drive controllers 
path applications with on-board ROM, SCSI interface controllers 
RAM, and PLA sub-systems. Offers . UARTs 
standard TTL and/or CMOS logic inter- . Protocol controllers 
faces. Digital signal processors 

Digital Bipolar High-speed logic and interface circuitry. Encoders and decoders 
Offers standard logic or custom interfaces . . High-speed digital transceivers 
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The right mix of analog and digital 

Providing total analog/digital systems on a chip allows you 
to meet your cost and performance objectives whether you're 
designing the next generation of communications devices, or 
perhaps an 1/0 multiplexer to control electronics in 21st century 
automobiles. 

We've turned to CMOS to effectively implement low­
power, highly integrated systems solutions tor everything from 
modems and CATV satellite descramblers to hard disk drive 
controllers and digital signal processors. 

We've gone the Bipolar route to meet the high-perfor­
mance needs of products like wideband transceivers, R/W 
amplifiers, low-noise amplifiers, pulse detectors, high-speed 
data separators and high-performance, low-power combo de­
vices. 

On the way is BiCMOS technology. It promises to open up 
new horizons of product capability for applications demanding 
optimum performance at the lowest power. 

SOPHISTICATED TOOLS FOR A CUSTOM 
DESIGN 

At each of five design centers capable of worldwide service 
- Tustin, Santa Clara and Nevada City, California; Tokyo and 
Singapore-Silicon Systems employs PEGASYS™, an internal 
design automation system developed from carefully selected 
vendor tools and our own proprietary software. Using Mentor 
Graphics workstations for both electrical and physical design, 
PEGASYS helps create complex designs while significantly 
reducing schedules, costs and errors. 

By integrating such helpful third-party tools and custom 
software, we're better able to design and analyze mixed-signal 
integrated circuits in all CMOS, Bipolar And Bi CMOS technolo­
gies. It's an approach that has given us the edge in mixed-signal 
design and helped put Silicon Systems' customers in a favor­
ably unique position in the marketplace. 

Specifically, PEGASYS brings the following to each design: 

• Fully integrated design environment 

• Methodology for precision circuit design 

• Integrated physical design 

• Automatic place and route 

• Complete layout verification 

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

Electrical design 

A single GAE (Computer Aided Engineering) environment 
provides for schematic capture, simulation, synthesis and 
documentation. We support this software with extensive librar­
ies of pre-designed cells and components. Highly specialized 
cells or components can be designed and enhanced where 
required. We simulate each circuit to meet precise performance 
specifications using: 

• Analog circuit simulation 

• Digital logic simulation 

• Timing simulation 

• Mixed-mode simulation 

• Switched-capacitor tilter simulation 

• Behavioral simulation 

Admittedly, simulation alone is not the key to perfecting 
performance. That's why we work aggressively to refine our 
understanding of models to make them work with simulation. 
Inside our progressive Device Modeling and Characterization 

Filter 
Synthesis 

Circuit 
Trace 

Circuit 
Simulation 

Timing 
Simulation 

Automatic 
Layout 

Capacitor 
Simulation 
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laboratory, we develop accurate circuit simulation models and 
parameters. The DMC lab provides complete device model 
data for our processes using capabilities such as AC measure­
ment, statistical analysis and worst-case modeling. Accurate 
models are a cornerstone of our design-for-quality approach. 

Physical design 

Our PEGASYS Layout System aids the mask designer 
through all physical design phases, ensuring consistency 
throughout the design cycle. This fully integrated environment 
provides for both full-custom design and auto place-and-route 
design including these capabilities: 

• Graphic editing 

•On-line point-to-point routing 

• Compaction 

• On-line design rule checking 

• Layout-to-schematic verification 

• Parasitic extraction/back annotation 

• Output in industry standard GOS format 

The same physical design environment supports all pro­
cesses and design methodologies. 

Automatic place & route software 

The automatic place-and-route capability speeds through 
physical design far more rapidly than a full-custom, hand-drawn 
approach. We have combined Cadence Design Systems' 
TANCELL ™,the most area-efficient router on the market, with 
our proprietary tools. This flexible environment allows for floor 
planning and automatic routing, and it supports the combina­
tion of custom cells, standard cells and compiled blocks. 

Layout-to-schematic trace and verification 
software 

Our circuit-trace capability compares the completed IC 
layout to the schematic database, using proprietary techniques 
and tools to guarantee quality. We help to eliminate layout 
errors through verification checks of both connectivity and 
component values. The resulting layout is an exact match of the 
schematic design. Further possible layout problems are iden­
tified during post-layout simulations using true parasitic model­
ing of capacitance and resistance interconnect. In short, all 
potential problems are fixed or addressed before first silicon 
fabrication. 

KADS. A mutual drive for custom design 

The Silicon Systems Key Account Design Service (KADS) 
program is our way of designing and developing custom IC 
solutions in a high-level cooperative partnership with our cus­
tomers. 

The KADS approach introduces the best minds in your 
company to Silicon Systems' mixed-signal specialists. Together 
we work closely, freely exchanging each other's ideas and 
experience in order to inspire breakthrough technical 
achievements and raise quality and creativity to a new level. 
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WHERE PROCESS MEETS NEED: CMOS 
Silicon Systems offers two proven CMOS process tech­

nologies for creating low-power, highly integrated systems 
solutions. We use CH for 5V and12V applications and CG for 
5V only needs. Both offer excellent analog performance. For a 
summary, see Table 1. 

Our CH process achieves its higher (to 12V) operation via 
a DOD (Double Diffused Drain) source/drain structure. This 
increases the S/D junction grading and breakdown voltage 
while lowering the associated junction capacitance. 

The CH process also provides high quality, low voltage 
coefficient, precision poly-poly capacitors that support high 
performance switched-capacitor filtering and data conversion 
(AID and D/A) circuits. Another important CH process feature 
for analog applications is found with our high nr poly resistors. 
Their low voltage coefficient is important for low distortion, 
continuous time filters such as in anti-aliasing applications. 
Typical CMOS processes use unacceptable high-value well 
resistors, and do not provide poly-poly capacitors. 

Improved CMOS reliability 

Silicon Systems boosts your system's reliability by incor­
porating a well ring into the CH process. This improves well tie­
down and increases latchup immunity. For harsher environ­
ments such as motor drivers or the automobile, we use an 
epitaxial (epi) substrate to provide latchup immunity of more 
than 200 mA. 

CMOS CG. Low-power & high performance 

Our CG CMOS process is specifically designed to support 
your 5V mixed-signal applications. Its smaller feature size 
(1.5µ, shrinkable to 1.2µ) allows for much higher levels of 
system integration, higher speed and lower power. 

CG supports high performance analog circuitry with preci­
sion poly-poly capacitors as well as complex digital circuitry 
including DSPs, microcontrollers, datapaths and memory. 

For a cross-section view of the Silicon Systems CG CMOS 
process, see Figure 1. 

BIPOLAR & BICMOS PROCESS 
TECHNOLOGIES 

Our bipolar MSICs take advantage of two high-perfor­
mance Bipolar processes: BK (for 12Vapplications) and BN (for 
5V applications). The BK analog/digital process achieves its 
higher voltage operation and improves lateral PNP transistor 
performance by using a lightly-doped epi layer. 

In BK we provide deep N+ and P+ enhancement layers to 
reduce both collector series and base resistance. Our use of 
up-junction isolation to gives us a major reduction in device 
area, when compared with that of typical junction isolated 
processes. Metal-Poly capacitors with a nitride dielectric are 
used for improving capacitor reliability. 

II 
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BN. Low-power/ 8 Ghz Bipolar at 5 volts 

A noteworthy feature of a minimum size BN process 
transistor is that it's only about 1 /5th the size of a minimum size 
BK transistor. Because we employ full oxide isolation in BN, we 
can fabricate very fast, very small transistors and reduce 
sidewall capacitances. This supports not only high speed, but 
also low power. 

The BN process features high-performance NPN transis­
tors to support mixing high-performance emitter coupled logic 
(ECL) with analog circuitry. To provide for strict TTL 110 compat­
ibility, we use superior PtSi Schottky diodes. 

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

For a feature-by-feature comparison of Silicon Systems' 
BK and BN bipolar processes, see Table 3. 

BiCMOS process technologies 

High performance NPNs and CMOS transistors highlight 
our BiCMOS process. They support mixing high performance 
analog circuitry with high density digital logic. 

We greatly improve response speed through the use of 
silicided base components and S/D regions that decrease 
extrinsic resistances in both types of active components while 
reducing the Emitter-Base and Gate-Source (Drain) space. 

Our BiCMOS process offers enhanced reliability and fully 
supports all 5V mixed-signal designs. 

Drawn 

··Pn>cess Type 
: . 

CH 

CG 

Si-Gate, single metal, 
dual poly, P Well 

Si-Gate, dual metal, 
dual poly, P Well 

Polysilicon 
Gate 

Field 
Oxide 

Appno&t1on Gflte Interconnect Pitches 
Voltage 8VDSS Length Poly1 Metal 1 Meta12 

12V 18V 3.6µ 5.8µ 6.4µ n/a 

5V 7V 1.5µ 3.0µ 4.5µ 6.0µ 

TABLE 1: CMOS Process Chart 

N - Substrate 

Gate 
Oxide 

FIGURE 1: CG CMOS Process Transistor 
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Features 
• DDD S/D structure 
• Poly-poly capacitors 
• Low-voltage coefficient 
• High a ID poly resistors 
• Epi substrate option 
• Buried well-ring 

• DOD S/D structure 
• Poly-poly capacitors 
• Shrinkable to 1.2µ 

NWell 
(for PMOS) 



Appl. 
Type Voltage BVDSS 

Bipolar: 5V 10V 

Oxide isolated 

CMOS: 

Si-Gate, single 
poly, triple 
metal, P Well 

Process Type 

BK Junction-isolated 

BN Oxide-isolated 

Base plug for reduced 
base resistance 

Oxide isolation 
for reduced collector -
substrate capacitance 

Buried layer 
for reduced 
collector resistance 

CUSTOM SOLUTIONS 

Drawn 
Gate Interconnect Pitches 

Length Poly MO M1 M2 BVceo NPN Ft Emitter Features 

1.0µ 2.6µ 3.2µ 3.8µ 5.0µ 8V 13 GHz 1.0µ Bipolar: 

•High Perl. NPN'S 
•PtSi Schottky Diodes 
•Gate Oxide Capacitors 
•Poly Capacitors 
•Sidewall Oxide Isolation 
•Fuses 

CMOS: 
•Lightly Doped Drains 

TABLE 2: BiCMOS Process Chart 

Emitter M1 M2 
BVceo NPN Ft Size Pitch Pitch Features 

12V 2 GHz 2.5µ 9.0µ 14.0µ • Polysilicon emitters 
• A 1 Schottky diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Up/down junction isolation 
• Collector/base plugs 

6V 8 GHz 2.0µ 4.5µ 8.0µ • High performance NPNs 
• PtSi Schotty diodes 
• Nitride capacitors 
• Ion implanted resistors 
• Sidewall oxide isolation 
• Collector/base plugs 

TABLE 3: Bipolar Process Chart 

~=~-====:::::-----J __ Aluminum interconnect 

Substrate 
(P- high resistivity) 

FIGURE 2: BN Bipolar Process NPN Transistor 
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(second layer) 

Aluminum interconnect 
(first layer) 

Collector plug 
for reduced 
collector resistance 
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A SUPERIOR FINISH FOR CMOS, BIPOLAR 
ANDBICMOS 

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

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

At Fab 1, in Tustin, we focus on Bipolar processes such as 
high-speed BN. 

Our Fab 2, in Santa Cruz, emphasizes advanced mixed­
signal CMOS processes. Fab 2, the newer of the two facilities, 
has been expanded to accommodate Fab 3, also on site in 
Santa Cruz, dedicated to a new high-speed BiCMOS process 
and the production of next generation six-inch wafers. 

The right package 

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

Promis. Quality through CAM 

Process and Management Information System (PROM IS) 
underscores our commitment to Computer-Aided Manufactur­
ing (CAM). And to delivering you a superior quality product on 
time. 

We use PROMIS to facilitate the data required in our 
manufacturing, monitoring and Statistical Process Control (SPC) 
systems. 

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

PROM IS also assists our SPC efforts, as does our commit­
ment to fully train all of our manufacturing personnel in SPC 
basics. 

We design for quality 

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

The results of such an effort are IC products that boast 
lower defect rates, higher parametric performance and far 

fewer redesigns. Moreover, our persistence in improving qual­
ity keeps us focused on finding better and faster ways to satisfy 
future customer demands. 

Quality that delivers 

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

For details on how you can take best advantage of Silicon 
Systems' custom mixed-signal IC solutions, see your nearest 
Silicon Systems representative, or contact us. Silicon Systems, 
Inc. 14351 Myford Road, Tustin, CA 92680. 714-731-7110. 
FAX: (714) 573-6914. 

CUSTOMER 

Design Specifications 
and Requirements 

SILICON SYSTEMS 

.-----1 Initial De•ign Review i------, 

Final Design Review 

Evaluate Prototype 

Design Components 
• Schematic Capture 
• Simulation 
• Netlisting 

• Automatic Placing 
and Routing or 
Hand-Packed Layout 

• Automatic Circuit 
Trace 

Final Layout Review 

Test Program Creation 
Photomask 
Wafer Fab 
Prototype 

(Assembly. Test, Ship) 

Verify System Function Final Review 
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SECTION 1 

1.1 INTRODUCTION 

Silicon Systems is committed to the goal of customer satis­
faction through the on-time delivery of defect free products 
that meet the customer's expectations and requirements. 
This statement serves as the corporate quality policy and 
reflects key elements that are instrumental in attaining true 
customer satisfaction. This section outlines Silicon Systems' 
ongoing activities for the control and continual improvement 
of quality in every aspect of our organization. 

Silicon Systems is diligently working to maintain and improve 
its position as a world-class provider of mixed-signal inte­
grated circuits (MSICs™). Our Corporate Quality Mission 
describes that commitment: "Achieve Total Customer 
Satisfaction Through Quality Excellence by Continuous 
Improvement." 

We realize and practice the concept that quality and reliability 
must be designed and built into our products. In addition, 
Silicon Systems utilizes rigid inspections and data analysis to 
evaluate the acceptability and variation existing in incoming 
materials and performs stringent outgoing quality verifica­
tion. The manufacturing process flow is encompassed by an 
effective system of test/inspection checks and in-line moni­
tors which focus on the 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 ensures that Silicon Systems' 
products maintain the highest levels of quality and reliability. 
Our Reliability and Quality Assurance organization is com­
mitted to working closely with the customer to provide assis­
tance and a continually improving level of product quality. 

QuaNty Program 
Managsrs 

Cor8~:;~ortf 
Manager 

Sits CC 

Reliability 
Engineering 

Manager 

Reliability and 
Quality Assurance 

1.2 RELIABILITY AND QUALITY ASSURANCE 

It is the objective of the Reliability and Quality Assurance 
organization to ensure that proactive quality systems are in 
place to ensure that Silicon Systems' products will meet or 
exceed customer requirements and expectations. In addi­
tion, the Reliability and Quality Assurance organization works 
to facilitate the timely implementation of solutions and moni­
tors the effectiveness of corrective actions. These organi­
zational strategies support the continuing enhancement of 
quality consciousness throughout Silicon Systems, a nec­
essary element in support of world-class quality. 

In order 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 organizational structure is pictured in Figure 1. To 
reflect corporate commitment, this organization is headed by 
a Senior Vice President reporting directly to the President/ 

coo. 

SECTION 2: QUALITY ASSURANCE 

2.1 QUALITY OBJECTIVES 

While all Silicon Systems employees have direct responsibility 
for quality in their functions, Quality Assurance has the 
ultimate responsibility for the reliable performance of our 
products. This is accomplished through the administration of 
formal quality systems which assure Silicon Systems' man­
agement, as well as our customers, that products will fulfill the 
requirements of customer purchase orders and all other 
specifications related to design, raw material and in process 
through completion of the finished product. 

Quality Assurance supports, coordinates and actively partici­
pates in the formal qualification of suppliers, material, pro­
cesses, and products, and the administration of quality 
systems and production monitors to assure that our products 
meet Silicon Systems quality standards. Quality Assurance 

Failure 
Analysis 
MllflllfJflf 

c""°"''" Quality l"1>f'0V9ment 
MllflllfJflf 

LocalJSite 
Document Control 

Santa Croz. SkJga/JOrfl 
- Tustm, Santa OUz, .....,.,,. FIGURE 1: Organizational Chart 
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also provides the liaison between Silicon Systems and the 
customer for all product quality related concerns. 

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

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

1. Structured training programs directed at Wafer Fabri­
cation, Test, Process Control personnel and support­
ing organizations. 

- Team based problem solving methodologies. 

- Corporate-wide training of quality philosophy and 
statistical methods. 

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

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

4. Stringent electrical testing (100% and QC AQUSample 
testing). 

5. Ongoing reliability monitors and process verifications. 

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

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

8. Timely corrective action system. 

9. Control of non-conforming material. 

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

2.2.1 INCOMING INSPECTIONS 

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

2.2.2 IN-PROCESS INSPECTIONS 

Silicon Systems has established key inspection monitors in 
such strategic areas as Wafer Fabrication, Wafer Probe, 
Assembly, and Final Test. These quality monitoring tests are 
performed in addition to the intermediate and final inspections 
found in the manufacturing process. 

Quality control monitors have been integrated throughout the 
manufacturing flow, so that data may be collected and ana­
lyzed to vertty the results of intermediary manufacturing 
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steps. This data is used to document quality trends or long 
term improvements in the quality of specttic operations. 
Abnormality control is being used to enhance the effective­
ness of this process. A generic description of the product flow 
and QC inspection points is shown in Figure 2. In process 
monitors such as oxide integrity, electromigration immunity 
and other parameters monitor long term reliability as well as 
circuit performance. 

2.3 DESIGN FOR QUALITY 

Since the foundation of a reliable product is rooted in the 
design process, the Reliability and Quality Assurance organi­
zation actively participates in comprehensive cross-func­
tional reviews of design stages prior to the product's transition 
to production status. These review stages assure a predict­
able and effective development cycle. Other important de­
sign-related functions include ensuring that process spectti­
cation revisions are translated into updated design param­
eters and the translation of manufacturing process capability 
into design guidelines. This is accomplished through the 
identification and monitoring of critical process and device 

Wafer Fab Final Lot Acceptance 

Wafer Probe Monitor 

Prep for Assembly 

Ship to Assembly 

Assembly Gates & Monitors 

AOL Sample 

D Manufacturing 

Finished Goods Q Process Control Gates 

Pack and Ship Gate D Process Control Monitor 

Ship to Customer A Quality Assurance V Final Outgoing Inspection 

FIGURE2 
Process Control Gates and Monitors 



parameters. Wafer level test at the early stages of process 
development also plays a critical role. These elements, in­
cluded in Silicon Systems design for quality effort, support the 
development of robust design rules which are as insensitive 
as possible to inherent manufacturing variation. The result is 
a product that delivers predictable and reliable long term 
performance. 

2.4 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 future 
product consistency and reliability. The action portion of this 
program is accomplished in three stages: 

1. Identification of defects by failure mode. 

2. Identification of defect causes and initiation of corrective 
action. 

3. Measurement of results and setting of improved goals. 

The data summarized from the established PPM program is 
compiled as a ratio of units 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 PPM improve­
ment goals, Silicon Systems has consistently achieved ex­
cellent quality standards and will continue to progressively 
improve PPM standards. 

2.5. COMPUTER AIDED MANUFACTURING CONTROL 

Computer Aided Manufacturing (CAM) is used throughout 
Silicon Systems for the identification, control, collection and 
dissemination of timely information for logistics control. Sili­
con Systems also uses this type of computerized system for 
statistical process control and manufacturing monitoring. 
PROMIS, (PROcess Management and Information System), 
displays approved/controlled recipes, processes, and proce­
dures; tracks work-in-process; reports accurate inventory 
information; allows continuous recording of facilities data; 
contains statistical analysis capabilities; and much more. 
PROMIS allows for a paperless facility, a major element in 
minimizing contamination of clean room areas. 

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. 
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These programs can be categorically described by: 

1. Qualifications 

2. Production Monitors 

3. Evaluations 

4. Failure Analysis 

5. Wafer Level Reliability 

6. Data collection and presentation for improvement 
projects 

3.2 QUALIFICATIONS 

Extensive qualification programs ensures that all new prod­
uct designs, processes, and packaging configurations meet 
the absolute maximum ratings of design and the worst case 
performance criteria for end users. A large database gener­
ated by means of accelerated stress testing results in a high 
degree of confidence in predicting final use performance. The 
qualification criteria used are periodically reviewed to be 
consistent with Silicon Systems' increasing quality and reli­
ability goals in support of our customers. 

3.3 PRODUCTION MONITORS 

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

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

3.4 EVALUATIONS 

The evaluation program at Silicon Systems is an ongoing 
effort that will continue defining standards which address the 
reliability assessment of the circuit design, process param­
eters, and package of a new product. This program continu­
ously analyzes updated performance characteristics of prod­
uct as they undergo improvement efforts at Silicon Systems. 

3.5 FAILURE ANALYSIS 

The failure analysis function is an integral part of the Quality 
and Reliability department at Silicon Systems. Silicon Sys­
tems has assembled a highly technical and sophisticated 
failure analysis laboratory and staff. This laboratory provides 
visual analysis, electrical reject mode analysis, and both 
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TEST CONDITIONS PURPOSE OF EVALUATION 

Biased temperature/humidity as 0 c1as0 %RH Resistance to high humidity with bias 
Highly accelerated stress test (HAST) SSi Method Evaluates_e_ack~e int~!!}'._ 
High temperature operating life (HTOL) Mil 883C, Method 1005 Resistance to electrical and thermal stress 
Steam _.2!essure 121°C/15PSI Resistance to h.!g_h humid!!Y_ 
Temperature ~Ii~ Mil 883C, Method 1010 Resistance to thermal excursion_{_ai!}_ 
Thermal shock Mil 883C, Method 1011 Resistance to thermal excursion J!!g_ui<!)_ 
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 solderabili.!Y_ of leads 
Lead integrity Mil 883C, Method 2004 Evaluates lead int~!!}'._ before board assemb!!'._ 
Vibration, variable frequency Mil 883C, Method 2007 Resistance to vibration 
Thermal resistance SSi Method Evaluates thermal diss.!2_ation 
Electrostatic damage Mil 883C, Method 3015 Evaluates ESD susc~ability 
Latch-up SSi Method Evaluates latch-!£ susc~ibili.!Y_ 
Seal fine and gross leak Mil Std 883C, Method 1014 Evaluates hermeticity of sealed packages 

TABLE 1: Reliability Stress Tests 

destructive and non-destructive data to aid the engineers in 
developing corrective action for improvement. These test 
analyses may include metallurgical, optical, chemical, electri­
cal, SEM with X-ray dispersive analysis, and E-Beam non­
contact analysis as needed. 

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

3.6 WAFER LEVEL RELIABILITY PROGRAM 

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

The primary advantage of wafer level reliability testing is the 
speed at which results can be derived, thereby providing 
additional response time and an early warning of process 
changes. This tool provides Silicon Systems with a very rapid 
analysis tool which allows for the early idenrnication of pos­
sible problems and a determination of their origin. 
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The continuous improvement approach taken at Silicon 
Systems uses the wafer level reliability tests as tools to 
improve the process, identtty potential problems, determine 
the sources of any process weakness and eliminate prob­
lems upstream in the process. This results in a focus on 
reliability improvement that goes well beyond merely deter­
mining the projected lifetime of a product to a detailed 
characterization, measurement and control of the specific 
parameters which actuallly determine product lifetime. 

3.7 DATA COLLECTION AND PRESENTATION FOR 
IMPROVEMENT PROJECTS 

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

3.8 RELIABILITY METHODS 

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



3.9 RELIABILITY PREDICTION METHODOLOGY 

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

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

Where: 

FR Failure rate 

A Constant 

Ea Activation Energy (eV) 

K Boltzmann's constant 8.62 x 1 o·• eV I degree K 

T Absolute temperature (degree K) 

SECTION 4: ELECTROSTATIC DISCHARGE 
PROGRAM 

4.1 ESD PREVENTION 

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

Silicon Systems' quality activity incorporates several protec­
tion measures fort he control of ESD. Some of the preventive 
measures include handling of parts at static safe-guarded 
workstations, the wearing of wrist straps during all handling 
operations, the use of conductive lab coats in all test areas 
and all areas which handle parts and the packaging of 
components in conductive or anti-static containers. 

11-5 
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Silicon Systems 
Packaging Index 

DUAL-IN-LINE PACKAGE (DIP) 

Plastic 

Ceramic 

SURFACE MOUNTED DEVICES (SMD) 

PLCC (Quad) 

Quad (Flatpack) 

Thin Quad Flatpack 

Small Outline (SOIC) 

VSOP (SOV) 

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 (0.8mm). 

SOV is a 220 mil width package, fine pitch (0.65mm). 

12-0 

PINS PAGE NO. 

8, 14, 16 & 18 12-2 

20, 22, 24 & 24S 12-3 

28, 32 & 40 12-4 

8, 14, 16 & 18 12-5 

22, 24& 28 12-6 

20,28 12-7 

32 &44 12-8 

52 &68 12-9 

52 & 100 12-10 

32 &48 12-11 

64 12-12 
__ , 

8, 14 & 16SON 12-13 

16, 18, 20, 24 & 28 SOL 12-14 

34SOL 12-15 

32SOW 12-15 

36SOM 12-15 

44SOM 12-16 

20,24 12-16 



~ 

•
Ordering 
Information 

I lli@ ~tional I 

32B 
32C 
320 
32F 
32H 
32M 
32P 
32R 
34B 
340 
34P 
34R 
35P 
66F 
67F 
730 
73K 
73M 
75T 
78A 
78P 
78Q 

HDD Interface 
HDD Controller 
HDD Data Recovery 
Electronic Filter 
HDD Head Positioning 
HDD Motor Speed Controller 
HOD Pulse Detection 
HDD Read/Write Amp 
FOO Interface 
FDD Data Recovery 
FDD Pulse Detection 
FDD Read/Write Amp 
Tope Drive Pul~ Detection 
Standard Automotive Products 
Standard Automotive Products 
Modem Device Set 
K·Series Modem 
Modem/Modem Support 

;n~eloSi):J!~~ 
DigitofTelecom 
LAN Products 

II 

F 
J 
K 
L 

LP 
LT 
LV 
LZ 
M 
s 
SL 
R 

RM 
u 

MODIFIERS 

FAX Capability 
Burn-In (168 Hours) 
Burn-In (48 Hours) 
low Power 
AT Commands, MNP5 
AT Commands 
AT Commands, MNP5, V.42 

NUMBER OF 
CHANNELS 

AT Commands, MNP5, V.42, V.42bis 
Mirror Image 
Serial Version 
low Power Serial 
Damping Resistor 
Resistor, Mirror Image 
On-Chip UART 

Cannot use A-E in left position 

c 
I 

c 
F 
G 
GT 
H 
p 
T 
s 
N 
L 
w 
M 
v 

SHIPPING OPTIONS 

R Tape and Reel 

Side-Brazed Ceramic 
Flatpack 
QFP, Ouad Flotpack (2.5 mm height) 
TQFP, Thin Quad Flotpack (1.4 mm height} 
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, (300 mil.), Fine Pitch (0.8mm) 
Very Small Outline (220 mil.) Fine Pitch (0.65 mm) 

TEMPERATURE RANGE 

I Commercial 10 '(lo +70 'C) 
Industrial (-40 'C to +85 'C) I 

~en 
Q.:: 
<D -· ::?. 0 
::J 0 

(Q :::J -acn 
0 '< 
""'I en 3 ,.... 
Q) (1) 

5'3 
::J en 



.400 (10.160) 

.350 (9.980) 

8-Pin Plastic 

.no (19.558) 

.745(18.923) 

Package Information 
(Plastic DIP) 

.310 (7.874) 

i---.-285-(7.2-39)-i ~ .,, 

:±;VVvwW1 T .310 (7.874) 

~~ 
1-4-.100TYP.(2.540) 

.015(0.381) 
~ 

~·4::::::::i~ 
.930 (23.622) 

.880 {22.352) 

::±;\nnPnFnnN~ 
~~. 14-.100TYP.(2.5'0) 

.015 0.381 
023 0.584 

~1 -r-0-15° 
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.no (19.558) 

.745 (13.923) 

14-Pin Plastic 

16-Pin Plastic 

18-Pin Plastic 



Package Information 

-DD~ 
.270 (6.858) * 
.260 (6.604) 

PIN NO. t .240 (6.096) 

IOENT. __i_. 

1.040 (26.416) 

1.010 (25.654) 

* 1.195(30.353) 
1.175(29.645) 

~ I * .135 (3.429) __!_ 

* .140(3.556) .150(3.810) ---.-

.2005.06 ~~m **~!H~:! 
.120(3.048) .12s<a.11s1 _ I 

~~ 1-- 100TYP.(2.540) ~ I 0-15" 

.015(0.381) r--
~ 

1.100 (27.940) 
1.080 (27.432) 

:1;\RmnnnnnnJ T 
~~ f--.100TYP.(2.540) 

.015 (0.381) 

.023 (0.584) 

1.290 (32.766) 
1.200 (30."80) 

~0-15° 
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20 Pin Plastic 
*245 Pin Plastic 

22-Pin Plastic 

24-Pin Plastic 

• 



Package Information 

1.450 (36.830) ...... 
1.360 (35.052) 

~·-DC::::::]r 
1.67~2.418) 

1.625 (41.275) 

=~VVVw\mtW T - I 
~~ -1 r-.lOOTYP.(2.54-0) \--OW 

.015 (0.381) 

~ 

~~·-DC::::::~H~ 
2.070 (52.578~ 
2.020 (51.31'.1!) 

28-Pin Plastic 

32-Pin Plastic 

40-Pin Plastic 



~ _[JL 
PINN0.1 _j_ 
IOENT. 

0.550 (13.970) 
0.380 (9.652) 

8-Pin Cerdip 

0.830 (21.082) 

o.no (19.556) 

Package Information 
Cerdip 

0.332 
0.280 
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0.332 (6.433) 
0.280(7.112) 

0.332 
MAX 

0.332(8.433) 

~ 

14-Pin Cerdip 

16-Pin Cerdip 

18-Pin Cerdip 

- I 



Package Information 

~:~·-DCJ 
.,, .. ~ .. '11· ... ,,_, ~· ·I 
~.~~:~.~T:~+Tm~--.-~-:-:::i 

0.175 (4.445) 

11 
0.125 (3.175) 

.100TYP. (2.540)-1 r- II 
0.060 (1.524) 0.023 (0.584) 
0.038 (0.965) 0.015 (0.381) 

11 0.190(4.826) 

0.070(1.778)1 0.085(2.159) 

0.020(0.508)T 
0.175(4.445) 

~~·-[ ~ ~ ~ ~ ~ ~ ~ ~ ] Lf ·--- ·1 
0.010(0.25')MIN ~g 

1~dr ~.JJ::: ~~~b~: 0125(317~,..~ 
~ 

j_~g·190(4.82'l) 0.190(4.82') 0.085(2.1"' 

~T 
0.175(4.445) 

-

I I 11 II 0.125(3175) 

.100TVP. 0.060(1.524) 0.023(0.584) I 
(2.540) ~0.015(0.381) O.-l5"_.. 
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0.432 (10.973) 
MAX 

0.420 (10.668) 
MAX 

0.023 (0.584) 

0.015 (0.381) 

0.632 (16.053) 
MAX 

0.625(15.875) 
MAX 

±+ 
00'3(0'84}+ 
~ 

0.632(16.0SJ) 
MAX 

0.625(15.875) 
MAX 

~ 
0.015(0.381} 

22-Pin Cerdip 

24-Pin Cerdip 

28-Pin Cerdip 



.495 (12.573) 

.485 (12.319) 

.395 (15.8) 

Package Information 
PLCC (Quad) 

14---- .385 (15.4) ---~I 

.354~ 

----.350 (14.0) ---

t ~(7.2) 

.165 (6.6) 

.050 TYP (1.27) 

20-Pin Quad PLCC 

.495 (12.573) 

.485 (12.319) .075 (1.905) 

.065 (1.651) J 

'""~ I .180 (4.572) _l_ 

~(0.4:- .0~0(1.270) ~:~:~ 

.456 (11.650) 

.450 (11.430) 

.456 (11.650) 

.450 (11.430) 

28-Pin Quad PLCC 
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20 (0.508) 

.390 (9.906) 

.430 (10.922) 

II 



I .453(11.51) I 
~.449(11.40)~ 

Package Information 

TL ... ~J IT 
I ! . ~"~ 

.595(15.11) 

.585 (14.86) 

32-Pin Quad PLCC 

.... (16."'2) , ~ ~ ~ ~ I 

.650(16.510)~ 

.075(1.900) 1 

.066(1.851) 

~~_j_t 1 160(4.572) ... ,,., --. 
_, L-.i 1-- .050(1.270) _j ::::: 

016(0.406) 
.020 (0.508) 

. 590 (1-4.986) I 
.630(16.002) 

656 (16.662 . 
:650 {16.510) 

1 
44-Pin Quad PLCC 
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.985 (25.019) 

.995 (25.273) 

Packag 1 P e nformation 
LCC (Quad) 

52-Pin Quad PLCC 

68-Pin Quad PLCC 

12-9 

* t 

.045(1.140) 

.020 (0.508) 

II 



PNtG.11ndc:mr 

Package Information 
Quad Flatpack 

52-Lead Quad Flatpack 

~ ~ 
I """'- I • .941(M.03) • 

100-Lead Quad Flatpack 
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Package Information 
Thin Quad Flatpack 

0.343 (8.7) 

0.366 (9.3) 

0.271 (6.9) 

0.279 (7.1) 

O.BmmTyp . 
(0.0315) 

• 0.053 (1.35) 

_L~~-70 
-t 11f510.12s) 0.01110.3) I I --;---

0.0197 (0.50) Typ. 

0.005 (0.126) + 0.005 (0.132) 

0.00110.111) 0.028(0.7) ~ ~ 

0.343(8.7) 
0.366(9.3) 

0.008 (0.2) Typ. 
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32-Lead Thin Quad Flatpack 

48-Lead Thin Quad Flatpack 

II 



0 

0.0196 (0.5) Typ. 

Package Information 

0.006 (0.14) 

0.010 (0.26) 

0 

0 

'f- ~""' 
~ 

.,L~' 
i- L . ~1.25) 

0.50 ± 0.20 0.061 (1.55) 

64-Lead Thin Quad Flatpack 
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Package Information 
(SON) 

-1 I-- .050 TYP. (1.270) 

.200 (5.080) 

.185 (4.699) 

.010 (0.254) 

.070(1.778) t~ , .003(0.076) 

.060(1.524) L_ ~____!_ 
.016 nom (0.40) --1 j.- I 

-1 I-- .050 TYP. (1.270) 

D I 
.149 (3.78) 

PINN0.1 J. 
BEVEL - ___.!____ 

0.350 (8.890) 

0.330 (8.382) 

C 010 (0.254) 

.069(1.75) ~ I 0041010, 

.053(1.35) ~ 

~ ~.016 nom (0.4;-r 

-1 I-- .050TYP. (1.270) 

.400(10.160) 

.380 (9.652) 

C .010 (0.254) 

.01011.778) ~ I .003 10.016, 

.060 (1.524) ---1.... 

~ ~ 016nom(0.40) t 

.245 (6.223) 

.230 (5.842) 

.185 (4.699) 

.170 (4.318) 

244 (6.20) 

.228 (5.80) 

.245 (6.223) 

.230 (5.842) 

.185 (4.699) 

.170 (4.318) 
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8-Pin SON 

14-Pin SON 

16-Pin SON 

II 



Package Information 
(SOL) 

1 r- .OSOTYP. (1.270) 

1

.305if747) 

.285 (7.239) 

PINN0.1 -L:;::;=;::;:::;:;::;:;::;::;::;;:;::;::;::::;:::;:l J 
BEVEL I LI LI I .415 (10.541) LI LI I r .395(10.033) I 

.010 (0.254) 

.110(2.794) rc==::i 1 .003(0.076) 

.092(2.336)L_~_L 

--1 ~.016nom(0.40) r 
16-Pin SOL 

-1 r- .050TYP. (1.270) 

.420 (10.668) 

.390 (9.906) 

.335 (6.509) 

.320 (6.128) 

1 r-.OSOTYP.(1.270) 

I
I 
.285(7.239) 

PIN NO 1 -t;:;::;:;::;::;::;:;::;:;::;::;:::,:;::;::;::;:;'.J_L 

BEVEL F~ J LI LI I 
.445(11.303) I 

.010 (0.254) 

.110(2.794) t~ 1-003(0.076) 

.092(2.336)!__ ~__j_ 

--1 i.- .016 nom (0.40) r 
18-Pin SOL 

__, 14- .050 lYP. (1.270) 

,--
.305 (7.747) 

.285 (7.239) 

PINN0.1 _L 

-· -F ::::::: ~ ~=:::· :~·-C~~~~~~~~~)~ F .615(15.621) u u u u I 
.010 (0.254) 

.110(2.790) t~ J ·003(0.076) 

.092 (2.336) L ____.!_ 

--1 j.-016oom(040) r 
20-Pin SOL 

.335 (8.509) 

.320 (B.12B) 

-1 r- .050TYP. (1.270) 

~~· _( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ )~ 
F~ u u u u ul 

.695(17.653)-, 

.010 (0.254) 

.110(2.790),~ ,.003(0.076) 

.09212.336) L __t_ 

--1 i.- 016 oom (040) r 
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.595(15.113)-----, 

.010 (0.254) 

.110(2.190) f I .ooa(o.01e) 

.092(2.336) L_ _L 

.335 (8.509) 

.320 (8.128) 

-.\ j..-.o16nom(0.40) r 
24-Pin SOL 

28-Pin SOL 



Package Information 
(SOL/SOM/SOW) 

-1 r- .040 TYP. (1.02) 

-1 r- .050TYP.(1.270) 

~·-'~ ~ ~ ~:: ~ ~ ~~~~::~~I~ I u u u u u u -""" (20.828) u u u u u u I r-- .795(20.193)----i 

.013 (0.330) 

.110(2.790),~ •. 003(0.078) 

.092 (2.336) L 
-j j..- .016nom(0.40)TYP. t 

L~ .003(0.078) .110(2.790) -- I l -:010 (o.254) 
.092 (2.336) ~ 

_j L.030(0.75)TYP _j Lo31s(080)TYP _j Lo,:I.P 
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.2890 (7.34) 

.2992 (7.60) 

.3937 (10.00) 

.4193 (10.65) 

2-8~es 

.335 (8.520) 

.320(8.140} 

34-Pin SOL 

32-Pin SOW 

36-Lead SOM 
(Fine Pitch) 

T .006(.••> _l_ .007(.17) II 



Package Information 

f 
.420(10.188) 

·-r~, 
44-LeadSOM 

(Fine Pitch} 

_c:(l.04) 

~---, 

_J L .030(0.77) 

-1 1- .021(0.53) 

I I I ~"" ~.... _,., 
.207 (5.25) 

PINN0.1 --- t I ,c:===L I 
BEVEL F .285(7.25) Li Li Lil ~ 

.281 (7.15) I 
.006 (0.155) 

.oe112.051 t~ I .00510.141 

.071 (1.60) L __t_ 

-..J ~ .016(0.4) f 
.008 (0.2) 

.335(8.520) 

.320 (8.140) 

_J L 0.026 (0.65 mm) 

-1 1- TYP 

~ ~C~~~~~~~~]I 
, 0-10" F ~ Li Li Li. u1 

.303(7.7) -i 
.006 (0.160) 

.050(1.27) r~ 1 .005(0.130) 

.049(1.24) L __t_ 

-..Ji.- .013(0.32) f 
.005 (0.12) 
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_l .007(.17) 

T :ooensr 

20-Pin SOV 

24-Pin SOV 
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North American 
Regional Offices & Sales Representatives 
NORTHWEST NEW MEXICO OHIO GEORGIA 

HEADQUARTERS Western High Tech Marketing, Inc. Makin Associates Technology Marketing Assoc. (TMA) 

Jon Tammel, Manager Albuquerque Cincinnati Norcross 

Keith Hively, District Manager Ph: (505) 884-2256 Ph: (513) 871-2424 Ph: (404) 446-3565 

Michael Haidar, F.A.E. FAX: (505) 884-2258 FAX: (513) 871-2524 FAX: (404) 446-0569 

Jim Lange, F.A.E. UTAH Dublin MARYLAND 
Silicon Systems, Inc. Lange Sales Ph: (614) 793-9545 Burgin-Kreh Associates 
2001 Gateway Place Salt Lake City FAX: (614) 793-0256 Baltimore 
Suite 301 East Ph: (801) 487-0843 Solon Ph: (410) 265-8500 
San Jose, CA 95110 FAX: (801) 484-5408 Ph: (216) 248-7370 FAX: (410) 265-8536 
Ph: (408) 453-7811 

CENTRAL FAX: (216) 248-7372 MASSACHUSETTS 
FAX: (408) 453-5988 Mill-Bern Associates 
CALIFORNIA HEADQUARTERS TEXAS 

Woburn 
Magna Sales Mike Traviolia, Manager OM Associates, Inc. 

Ph: (617) 932-3311 
Brendon Chiu, F.A.E. Austin 

Santa Clara 
Silicon Systems, Inc. Ph: (512) 794-9971 FAX: (617) 932-0511 

Ph: (408) 727-8753 
4708 Main Street, Suite 201 FAX: (512) 794-9987 NEW JERSEY • NORTH 

FAX: (408) 727-8573 
Lisle, IL 60532 Richardson Technical Marketing Group 

OREGON Ph: (708) 810-1151 Ph: (214) 690-6746 West Caldwell 
Western Technical Sales FAX: (708) 810-1158 FAX: (214) 690-8721 Ph: (201) 226-3300 
Beaverton 

Automotive Sales (Detroit): 
FAX: (201) 226-9518 

Ph: (503) 644-8860 Houston 
Fabian Battaglia, F.A.E. Ph: (713) 789-4426 NEW JERSEY • SOUTH 

FAX: (503) 644-8200 
Ph: (313) 462-2133 FAX: (713) 789-4825 Omni Sales 

WASHINGTON FAX: (313) 462-2405 WISCONSIN 
Erdenheim, PA 

Western Technical Sales 
ILLINOIS Circuit Sales, Inc. 

Ph: (215) 233-4600 
Bellevue FAX: (215) 233-4702 
Ph: (206) 641-3900 Circuit Sales, Inc. Brookfield 

FAX: (206) 641-5829 Itasca Ph: (414) 784-7773 NEW YORK 
Ph: (708) 773-0200 FAX: (414) 784-4528 Electra Sales 

Spokane FAX: (708) 773-2721 Rochester 
Ph: (509) 922-7600 

IN DIANA 
EAST Ph: (716) 427-7860 

FAX: (509) 922· 7603 
Arete Sales, Inc. HEADQUARTERS FAX: (716) 427-0614 

SOUTHWEST Fort Wayne Wayne Taylor, Manager East Syracuse 

HEADQUARTERS Ph: (219) 423-1478 Russ Dow, District Manager Ph: (315) 463-1248 

Larry Cleland, Manager FAX: (219) 420-1440 Silicon Systems, Inc. FAX: (315) 463-1717 
53 Stiles Road 

Silicon Systems, Inc. Greenwood Salem, NH 03079 
Technical Marketing Group 

14351 Myford Road Ph: (317) 882-4407 Ph: (603) 898-1444 
Melville 

Tustin, CA 92680 FAX: (317) 888-8416 FAX: (603) 898-9538 
Ph: (516) 351-8833 

Ph: (714) 832-5310 IOWA 
FAX: (516) 351-8667 

FAX: (714) 832-5247 Cahill, Schmitz & Howe 
Georgia Sales Office NO. CAROLINA 
Dan Kilcourse, F.A.E. 

ARIZONA Cedar Rapids Ph: (404) 409-8405 Refer calls to TMA Atlanta, Georgia 
Western High Tech Marketing, Inc. Ph: (319) 377-8219 FAX: (404) 368-1060 PENNSYLVANIA 
Scottsdale FAX: (319) 377-0958 Omni Sales 
Ph: (602) 860-2702 ALABAMA Erdenheim KANSAS Technology Marketing Assoc. (TMA) FAX: (602) 860-2712 B. C. Electronics Huntsville 

Ph: (215) 233-4600 
CALIFORNIA Kansas City Ph: (205) 883-7893 VIRGINIA 
Hadden Associates Ph: (913) 342-1211 FAX: (205) 882-6162 Burgin-Kreh Associates 
San Diego FAX: (913) 342-0207 

CONNECTICUT Refer calls to 
Ph: (619) 565-9444 KENTUCKY Orion Group Burgin-Kreh, Maryland 
FAX: (619) 565-1802 Arete Sales, Inc. Southington CANADA SC Cubed Greenwood, IN Ph: (203) 621-8371 
Thousand Oaks Ph: (317) 882-4407 FAX: (203) 628-0494 

BRITISH COLUMBIA 
Ph: (805) 496-7307 FAX: (317) 888-8416 Enerlec 

FLORIDA Richmond FAX: (805) 495-3601 MICHIGAN Technology Marketing Assoc. (TMA) Ph: (604) 273-0882 
Tustin Trilogy Marketing, Inc. Orlando FAX: (604) 2 73-0884 
Ph: (714) 731-9206 Bloomfield Hills Ph: (407) 671-2245 ONTARIO FAX: (714) 731-7801 Ph: (313) 338-2470 FAX: (407) 671-4117 Har-Tech 
COLORADO FAX: (313) 338-6720 

Deerfield Beach Downsview 
Lange Sales MINNESOTA Ph: (305) 427-1090 Ph: (416) 660-3419 
Littleton OHMS Technology, Inc. FAX: (305) 427-1626 FAX: (416) 660-5102 
Ph: (303) 795-3600 Minneapolis 

Largo Nepean FAX: (303) 795-0373 Ph: (612) 932-2920 
Colorado Springs FAX: (612) 932-2918 Ph: (813) 531-4405 Ph: (613) 726-9410 

Ph: (719) 632-8340 MISSOURI 
FAX: (813) 535-9044 FAX: (613) 726-8834 

FAX: (719) 632-8419 B. C. Electronics QUEBEC 

Bridgeton Har-Tech 

Ph: (314) 739-6683 Pointe Claire 

FAX: (314) 344-3180 Ph: (514) 694-6110 
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EUROPE 
HEADQUARTERS 
Robert Sharman, Manager 
N. Harrison, Tech. Support Mgr. 
Silicon Systems, Europe 
The Business Centre 
Gor-ray House 
758- 760 Great Cambridge Road 
Enfield 
Middlesex EN13RN 
England 
Ph: (44) 81-443-7061 
FAX: (44) 81-443-7022 
TLX: 825824 BUSTEC G (ref. ENFIELD) 

AUSTRIA 
Codico GMBH 
Wien 
Ph: (43) 222-86-24-28 
FAX: (43) 222-86-32-57 

BELGIUM 
A/com Electronics BVBA 
Kontich 
Ph: (32) 3-458-3033 
FAX: (32) 3-458-3126 

DENMARK 
C-88 
Kokkedal 
Ph: (45) 4224-4888 
FAX: (45) 4224-4889 

ENGLAND 
Pronto Electronic Systems, Ltd. 
llford, Essex 
Ph: (44) 81-554-6222 
FAX: (44) 81-518-3222 
TLX: 895-4213 PRONTO G 

FINLAND 
Komde/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 
AUantik Elektronik GmbH 
Martinsried 
Ph: (49) 89-857-0000 
FAX: (49) 89-857-3702 

GREECE 
Peter Caritato & Associates, Ltd. 
Athens 
Ph: (30) 1-902-0115 
FAX: (30) 1-901-7024 
TLX: 216-723 CARI GR 

IRELAND 
Memec Ireland, Ltd. 
Limerick, Republic of Ireland 
Ph: 353-61-3307 42 
FAX: 353-61-331888 

ITALY 
Cefra S.R.L. 
Milano 
Ph: (39) 2-295-20556 
FAX (39) 2-295-20557 

THE NETHERLANDS 
A/com Electronics BV 
2908 LJ Capelle ND IJSSEL 
Ph: (31) 10-451-9533 
FAX: (31) 10-458-6482 
TLX: 26160 

NORWAY 
Hans H. Schive 
Asker 
Ph: (47) 2-900900 
FAX: (47) 2-904484 
TLX: 19124 SKIVE N 

PORTUGAL 
Diode 
Lisbon 
Ph: (351) 1-571390 
FAX: (351) 1-534987 

SPAIN 
Diode 
Madrid 
Ph: (34) 1-555-3686 
FAX: (34) 1-556-7159 
TLX: 42148 DIODE 

SWEDEN 
Bexab Technology AB 
Tiiby 
Ph: (46) 8-732-8980 
FAX: (46) 8-732-7058 
TLX: 136888 BEXTE S 

SWITZERLAND 
E//ypticAG 
Zurich 
Ph: (41) 1-493-1000 
FAX: (41) 1-492-2255 
TWX: 822-542 EL YP CH 

YUGOSLAVIA 
E//ypticAG 
Maribor 
Ph: (38) 62-24561 

AFRICA & MIDDLE EAST -
Monte Vista International 
5976 W. Las Positas Blvd., Suite 220 
Pleasanton, CA 94588 U.S.A. 
Ph: (415) 463-8693 
FAX: (415) 463-8732 

ISRAEL 
Rapac 
Tel Aviv 
Ph: (972) 3-64 77115 
FAX: (972) 3-493272 
TLX: 342173 RAP AC IL 

International 
Distributors & Sales Representatives 

FAR EAST THAILAND 
(axcludlng Japan) Dynamar Computer Products 
HEADQUARTERS Bangkok 
K. S. Ong, District Sales Manager Ph: (662) 278-3690 
Silicon Systems, Singapore (662) 278-5722 
3015A Ubi Road 1, #01-01 FAX: (662) 271-3815 
Kampong UBI Industrial Estate JAPAN Singapore 1440 

SSifTDK CORP. HEADQUARTERS Ph: (65) 744-7700 
Den Suzuki, Manager FAX: (65) 7 48-2431 
1-13-1 Nihonbashi, Chuo-Ku 

AUSTRALIA Tokyo 103, Japan 
R & D Electronics Ph: (81) 3-32785049 
Victoria FAX: (81) 3-32785330 
Ph: (61) 3-808-8911 (81) 3-32785358 
FAX: (61) 3-808-9168 TLX: J24270 
TLX: 790-33288 J26937 
HONG KONG JAPAN 
CET, Ltd. lnternix 
Wanchai Tokyo 
Ph: (852) 520-0922 Ph: (81) 3-3369-1105 
FAX: (852) 865-0639 FAX: (81) 3-3363-8486 
INDIA TLX: 781-26733 
Malhar Corp. 

MEXICO Bangalore 
Ph: (812) 568-772 • Chihuahua & Sonora only 

(812) 568-925 Western High Tech. Marketing 
FAX: (812) 542-588 Albuquerque, New Mexico 

U.S.A. Headquarters Ph: (505) 884-2256 

Rosemont, PA FAX: (505) 884-2258 

Ph: (215) 527-5020 • All other Mexico inquiries should 
FAX: (215) 525-7805 contact SSi Tustin Southwest Sales 

Office KOREA 
Ph: (714) 832-5310 Hanaro Corporation 
FAX: (714) 832-5247 Seoul 

Ph: (82) 2-516-1144 SOUTH AMERICA 
FAX: (82) 2-516-1151 ARGENTINA 
EASYLINK: 62057328 Ye/S.R.L. 
MALAYSIA Buenos Aires 
Dynamar Computer Products Ph: (54) 1-46-211 
Penang FAX: (54) 1-476-2551 
Ph: 604-281414 (6 lines) TLX: 390-18605 
FAX:604-281420 BRAZIL 
Petaling Jaya Elek Electronics Ltd. 
Ph: 603-7767199 Sao Paulo 
FAX: 603-7767201 Ph: (55) 11-531-2258 
NEW ZEALAND FAX: (55) 11-543-4727 
Apex Electronics, Ltd. U.S. Contact 
Wellington Etek Electronics Ltd. 
Ph: (64) 4-878-551 Boca Raton, Florida 
Ph: (64) 4-878-552 Ph: (407) 997-6277 
FAX: (64) 4-387-8566 FAX: (407) 997-5467 
SINGAPORE CHILE 
Dynamar Computer Products Victronics, Ltd. 
Ph: (65) 281-3388 Santiago Centro 
FAX: (65) 281-3308 Ph: (56-2) 2237698 
TLX: RS26283 DYNAMA (56-2) 330237 
TAIWAN FAX: (56-2) 334432 
Dynamar Taiwan Co., Ltd. TLX: 340168 VICTOR CK 
Taipei 
Ph: (886) 2-777-5670 thru 5674 
FAX: (886) 2-777-5867 
TLX: 785-11064 DYNAMAR 
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North American 
Authorized Distributor Offices 
All locations are "Hall-Mark Electronics" except as noted. 

ALABAMA Western Microtechnology MASSACHUSETTS 
Huntsville Saratoga Billerica 
Ph: (205) 837-8700 Ph: (408) 725-1660 Ph: (617) 935-9777 

FAX: (408) 255-6491 
ARIZONA (Sales Dept. FAX) MICHIGAN 
Phoenix Detroit 
Ph: (602) 437-1200 COLORADO Ph: (313) 462-1205 

Englewood 
Aved, Inc. Ph: (303) 790-1662 MINNESOTA 
Phoenix Bloomington 
Ph: (602) 951-9788 CONNECTICUT Ph: (612) 881-2600 

Wallingford FAX: (612) 881-9461 
CALIFORNIA Ph: (203) 271-2844 
Rocklin MISSOURI 
Ph: (916) 624-9781 FLORIDA St. Louis 

Clearwater Ph: (314) 291-5350 
San Diego Ph: (813) 541-7440 
Ph: (619) 268-1201 NEW JERSEY 

Orlando Mt. Laurel 
San Jose Ph: (407) 830-5855 Ph: (609) 235-1900 
Ph: (408) 432-4000 

Pompano Beach Fairfield 
Torrance Ph: (305) 971-9280 Ph: (201) 515-3000 
Ph: (213) 217-8400 

GEORGIA NEW YORK 
Tustin Norcross Ronkonkoma 
Ph: (714) 669-4100 Ph: (404) 447-8000 Ph: (516) 737-0600 

Aved, Inc. ILLINOIS Rochester 
San Diego Wooddale Ph: (716) 425-3300 
Ph: (619) 558-8890 Ph: (708) 860-3800 
FAX: (619) 558-3018 NORTH CAROLINA 

IN DIANA Raleigh 
Aved, Inc. Indianapolis Ph: (919) 872-0712 
Tustin Ph: (317) 872-8875 
Ph: (714) 259-8258 OHIO 

KANSAS Solon 
Western Microtechnology Lenexa Ph: (216) 349-4632 
Orange Ph: (913) 888-4747 
Ph: (714) 637-0200 Worthington 
FAX: {714) 998-1883 MARYLAND Ph: (614) 888-3313 

Columbia 
Western Microtechnology Ph: (301) 988-9800 OREGON 
San Diego Western Microtechnology 
Ph: (619) 453-8430 Beaverton 
FAX: (619) 453-1465 Ph: (503) 629-2082 

FAX: (503) 629-8645 
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OKLAHOMA 
Tulsa 
Ph: (918) 254-6110 

TEXAS 
Austin 
Ph: (512) 258-8848 

Dallas 
Ph: (214) 553-4300 

Houston 
Ph: (713) 781-6100 

UTAH 
Aved, Inc. 
Salt Lake City 
Ph: (801) 975-9500 

WASHINGTON 
Western Microtechnology 
Redmond 
Ph: (206) 881-6737 
FAX: (206) 882-2996 

WISCONSIN 
New Berlin 
Ph: (414) 797-7844 

CANADA 

ONTARIO 
Har-Tech Electronics 
Downsview 
Ph: (416) 665-7773 

BRITISH COLUMBIA 
Enerlec 
Surrey 
Ph: (604) 273-0882 



Silicon Systems, Inc. 
14351 Myford Road, Tustin, CA 92680 
Ph (714) 731-7110, Fax (714) 669-8814 
Printed in U.S .A. 


