


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 

DC ELECTRICAL CHARACTERISTICS 

TA=O° - 70 0 C, Vcc=5.0 V ± 10% unless otherwise specified. 

Symbol Parameter 
Min 

VllCK Clock Input low level -0.5 
VIHCK Clock Input High level 3.0 
Vil Input low level -0.5 
VIH Input High level 2.0 
VOL Output low level 

PDIR IOl=4 mA 
VOH Output High level 2.4 

PDIR IOH=-1 mA 
ICC Avg. power supply current 
III Input leakage 
ICl Clock leakage 

Limits 
Typ Max 

0.6 
VCC 
0.8 

VCC 
0.4 

TBD TBD 
10 
10 

ST78C36 

7 Volts 
GND-0.3 V to VCC+0.3 V 

00 C to +70 0 C 
-40 0 C to +150 0 C 

500mW 

Units Conditions 

V 
V 
V 
V 
V Except PDIR 

IOl=24 mA 

V Except PDIR 
IOH=-12 mA 

mA 
IlA 
IlA 

NOTE: Hewlett Packard / Microsoft compliance testing requires all ECP mode drivers to be push-pull and that 
they have an impedance controlled series resistor of at least 20 Ohms and that the typical on resistance of the 
combination of the driver-resistor pair is in the 45-65 Ohm range. 
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AC ELECTRICAL CHARACTERISTICS 

TA=O· - 70· C, Vcc=S.O V ± 10% unless otherwise specified. 

TRRQ DRQx inactive delay from DACK*x 
active 

TASU AEN setup to command active 40 
TAH AEN hold from command inactive 10 
TCMD Command width 1S0 
TACC Data access from IOR* active 
TDSU Data setup to IOW* inactive 40 
TDH Data hold from command inactive 10 
HOST DMATIMING 
TPOD PD7-0, STROBE*, AUTOFD*, IN IT, 

SLCTIN* delay from IOW* inactive 
TIRQ interrupt delay from ACK* 
TPW Interrupt pre-charge pulse at release 
TDS PD7-0 setup to STROBE* active 
TWS STROBE* width 
TDH PD7-0 hold from STROBE* inactive 
THS STROBE* active to BUSY active 

(handshake) 
TOO PD7-0 hold from BUSY inactive 
TeO BUSY inactive to STROBE* active 

(cycle delay) 
TDS PD7-0, AUTOFD* setup to STROBE* 

active 
T1 STROBE* inactive to BUSY inactive 
T2 BUSY inactive to STROBE* active 
T3 STROBE· active to BUSY active 
T4 BUSY active to STROBE* inactive 
TDH PD7-0, AUTOFD* hold from BUSY 

active 
TDS PD7-0, BUSY setup to ACK* active 
T1 ACK* inactive to AUTOFD* active 
T2 AUTOFD* active to ACK* active 
T3 ACK* active to AUTOFD* inactive 
T4 AUTOFD* inactive to ACK* inactive 
TDH PD7-0 data hold from AUTOFD* 
TAS Host address setup to IOW* active 
TAH Host address hold from IOW* active 
TDS Host data setup to IOW* active 
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100 S 

S 
S 
S 

100 S 
S 
S 

100 S 

60 S 
10 S 

600 S 
600 S 
4SO S 

SOO S 

80 S 
680 S 

0 60 S 3 

0 S 
80 200 S 1,2 
0 S 

80 180 S 2 
80 180 S 1,2,3 

0 S 3 
80 200 S 2 
0 S 

80 200 S 1,2 
0 S 
0 S 

40 S 
10 S 
0 20 S 



AC ELECTRICAL CHARACTERISTICS 

TA=O° - 70 0 C, Vcc=5.0 V ± 10% unless otherwise specified. 

TDH Host data hold from lOW" active 
TBSY lOW" active to IOCHRDY low 
TDD lOW" active to PD7-0 valid 
TWPD WAIT" active to PDIR change 
THT IOCHRDY high to Host terminate 

(lOW" inactive) 
TCD lOW" inactive to Host command active 

(lOW" or lOR") 
TPDW PDIR low to WRITE" active 
TPW IOCHRDY pre-charge width at release 
TDWS WAIT" active to ADDRSTB"/ 

DAT ASTB* active 
TWW WAIT" active to WRITE" change 
TWDH WAIT" active to PD7-0 change 
TRDY WAIT" inactive to IOCHRDY high 
TWS WAIT" inactive to ADDRSTB"/ 

DATASTB* inactive 
TSWD ADDRSTB"/DA T ASTB" inactive to 

WAIT" active 
TSW ADDRSTB*/DAT ASTB* active to 

WAIT" inactive 
no lOW" active to WAIT" inactive 

(Time Out) 
TAS Host address setup to lOR" active 
TAH Host address hold from lOR" active 
TDS Host data setup to lOR" inactive 
TDH Host data hold from lOR" inactive 
TBSY lOR" active to IOCHRDY low 
TACC ADDRSTB"/DATASTB" active to 
TDD PD7-0 valid to D7-0 valid 
TWPD WAIT" active to PDIR change 

PD7-0 valid 
THT IOCHRDY high to Host terminate 

(lOR" inactive) 
TCD lOR" inactive to Host command active 

(lOW" or lOR") 
TPW IOCHRDY pre-charge width at release 
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0 
0 20 
0 50 

10 
10 

40 

0 
10 

60 175 

60 155 
60 140 
60 155 
60 155 

0 

0 10 

10 12 

40 
10 
0 20 
0 
0 20 
0 
0 75 

60 150 

10 

40 

10 

S 
S 
S 
S 
S 

S 

S 
S 
S 

S 
S 
S 
S 

S 

flS 

flS 

S 
S 
S 
S 
S 
S 
S 
S 

S 

S 

S 
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AC ELECTRICAL CHARACTERISTICS 

TA=O° - 70 0 C, Vcc=5.0 V ± 10% unless otherwise specified. 

SVT~?i·.· I><~aram~t~r 
I· .........•.. . .......• Min 

TOWS WAIT* active to AOORSTB*! 
OATASTB* active 

TWW WAIT* active to WRITE* change 
TWOH WAIT* active to P07-0 change 
TROY WAIT* inactive to IOCHROY high 
TWS WAIT* inactive to AOORSTB*! 

OAT ASTB* inactive 
TSWO AOORSTB*!OATASTB* inactive to 

WAIT* active 
TSW AOORSTB*!OATASTB* active to 

WAIT* inactive 
no IOR* active to WAIT* inactive 

(Time Out) 
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Lhnits • 
Units· ..... ·C()hditl()I1S ... 

••••• 

J'yp Max 

0 175 S 

0 140 S 2 
60 160 S 1 
60 160 S 1 
60 160 S 1 

0 S 

0 10 ftS 

10 12 ftS 



ST78C36 

ECP MODE ( MODE Oll, DATA MODE OPERATION, OUTPUT DIRECTION) 

DO-D7 -----{( DATA-l )>------« DATA-2 )>-------« DATA-N )>---~---« DATA-l6 )>--------

lOW" 

MTA~ E~-D-A-T-A--l6-----,) 
, 
, 

StROBE" /U,,,- U U 
I U \ 
\ 
\ 

! \ \ 

BUSY 
\ I , 

\ 'n/ n n \ n , , , 

" AUlOFDx" >""'- L 
DRQ 

DACK" 

"~/L 
/1 ( >r 

\ 

TC "',fl -------------------------------------------------------------------+1 

IRQ 

4-35 



ST78C36 

ECP MODE (MODE 011, COMMAND MODE OPllRATION OlJl'PUf DIRECTION) 

DO-D7 

lOW' 

PDO-PD7 

STROBE· 

BUSY 

DRQ 

DACK· 

TC 

IRQ 

---~( DATA-l )1---"""""'( DATA-2 )>------{( DATA-N )>----« DATA-l6 )>--------

~TA~ E'---DA-T-A-_l-6 -"'"""I) 
( 

IU,,\ U u \ u 
I \ \ 

________ \,~~~/_/ ___ ~~L ____ ~~L ____ \_\\~<~~r-lL----
"-

~----------------------------------'-~~,~.~ 
", 
~/L 
/j 

( \'r 
\. 

"fi 
-------------------------------------------1 

\ 

P-ECPC'~ 
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ST78C36 

ECP MODE (MODE 011, DATA DECOMPRESSION, INPUT DIRECTION) 

PDO-PD7 ( RLECOUNT X RLEDATA-M X DATA-N X DATA-16 ) 

ACK" /U~ LJ U U 
i \ 

\ i 

~n n n n AUfOrnX" 

BUSY 

DO-D7 --------------------------~( DATA-M )r-----« DATA-M >--
lOR" u 
IRQ 

AT LEAST 8 CHARACTERS IN THE F1FOO ~ ~ ~U P-RLE 
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ST78C36 

PS2 MODE ( MODE 001 ) 

DQ-D7 ( DATA-I )>-----« DATA-2 )>------« DATA-3 )>-------------<8 

lOW' 

PDQ-PD7 ::? DAT~' ~ DATA.' ~~DATA_3 H DATA-IN) 

! 
i 

S1ROBE* 

BUSY 

ACK* 

IRQ 

lJ U U'--~/9\L-----
f I 
\ I 

\§l n n ,/ 
-----fP L ____ ~ L-____ ~ L~I~---------

_______ ~\~ ~i---~ 

'iJ U U; /U 
! \ I 

\lJ U U \', \U 
\ 

DIR l'---______ ---.J\p 

lOR' P-PS2 
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PPF MODE (MODE 000, FIFO'S ARE SET FOR OUi1'Uf DIRECTION ONLY) 

JJO.D7 -----<\ DATA-! )>-----<\ DATA-2 )I-----{\ DATA-N )>------<\ DATA-!6 )>---------

lOW" 

PDO-PD7 
D,T,N h---D-A-T-A---!6-~) 

I 

STROBE" 

BUSY 

DRQ 

DACK" 

--~L 
/ ' 

/I'_r 
\ 

\ 

TC ~fl -------------------------------------+[ 
\ 

IRQ 
P-PPF ".~ 
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EPP MODE (M ODE 100. W RITE ADDRESS. au TM ODE) 

SLCTIN'" 

PD O .. PD 1 

STROBB'" 

BUSY 

,/..--Ej? <R. 
! \ 

---\-',-. -1( D AT A-I \ )>-----------« D AT A-2 )r----------'-. - __ --+--i '--------' 
'. I 

--.:.,,~ /,+: 
~L~'~----,7~·/----~~\ 

~ /. ) 

\f/ ~L..-_./ ______ _' 

00·D1 

lOW'" 

IOCHRDY· 

\ \ 
----~(~_~\,\~D-A-T-A---I---~)---------~(~-----D-A-T_A_-_2 ___ ~)--------------------Ii. \\"" 5"-----------, 

\ ., \ '---------' 

;:o.-J '<~ I 
't. '~ P,EPPI 
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STANDARD CENTRONIC MODE ( MODE 000 ) 

00-D7 

IOW* 

POO-PD7 

STROBE* 

BUSY 

ACK* 

IRQ 

\ DATA-! )r----~\ DATA-2 )r-------<\ DATA-3 )r----~\ DATA-4 )>--------

~ DATA' ~ DATA' ~ DATA' ~'-----'DATA_4 ) 
lJ U U U 

f 
\ __ ~~n~ __ ~n~ __ ~n~ __ ~n~_ 

\ 

\tJ u 
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ECP MODE (MODE Oll. DATA MODE OPERATION INPUT DIRECTION) 

PDO-PD1 ( DATA-l X DATA-2 X DATA-N ~ ____________ -"XL _____ D_A_T_A_-l_6 __ ~) 

/U" U U 
I \ 

I \n n n 
u ACK* 

AUTOFDX* L---_--'nL-___ 
BUSY L 
DO-D1 -------------------<E)r------~( DATA-2 )>------« DATA-N )>-----« DATA-l6)---

lOR" 
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STANDARDCENfRONIC MODE (MODE 0(0) 

DO-D7 \ DATA-l )..-----\\ DATA-2 )>-----\( DATA-3 )1------« DATA-4 )1--------

lOW' 

PDO-PD7 ~ DATM ~ DATM ~ DATA-' ~~DATA_4 ) 
STROBE' LJ U U u 

I 
i 

BUSY \fl n n 
I 
\ 

ACK' 
~iJ U U 
I 

IRQ \U U U 
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CD 
C") 

0 co 
to-
l-
f/) 

EPP MODE ( MODE 100, WRITE DATA, OUTMODE) 

AuroFDX· /1 P \ 
/ \ 
I 

'j ) 
i ( PDO-PD7 DATA-l 
\ I 

\ I 

~~ 
; 

f, S1ROBE· I 

I , 
\ 7 

I----------{( DATA-2 )>---------

\ / 

BUSY \ f/ ~// \ 
I 
I 
! \ 

,~I 
\ 

DO-D7 \ DATA-l ) 
\ 

-------"""""'( DATA-2 )------

I \ q( (f lOW· \ 
\ 

\ , \ 
\ " \ 

j ",\ 

IOCHRDY* t:'/ '\~ P-EPPIE 
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EPP MODE (MODE tOO, WRITE ADDRESS, OUTMODE) 

SLCTIN' /1,------------------,cp\ 
/ \ 

POO-PD7 

STROBE' 

J 

---+---« DATA-t ) )>------------« DATA-2 )>---------
L------~J~ ~------~ 

\~ / ~ 
L\\-\ ____ --,/'-' ___ \ 

\ 
BUSY 

- -'i-----J! T, / ~ / / 
} 

. 00-D7 
/ ( \DATA-t )-----------«~ ___ D_A_T_A_-2 __ _.J)-------

lOW' ~,.'\!T_--~--\~-~ t \ if 
\ , ( 
\ \, \ 

IOCHRDY' 0/) "~\J) 
L-________ ~ 

P-EPPIC 
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ST78C36 
CD 
C") 

0 co 
" ~ 
U) 

EPP MODE ( MODE 100, DATA READ, INPUT MODE) 

AUTOFDX" W ,/----p 
I 

i I 
I / 

I \ 
/. ) PDO-PD7 I DATA-l 

I .. 
I ¥ BUSY I , , 

I 

>----------<\ DATA-2 )>--------

i 
/ 

\ ) DO-D7 I DATA-l , 
I 

---------.,\ DATA·2 )'-' ------

I I 
I \ I 

l: 
\ 

~ lOR" \ 
\ 

\ \ 
"- , 

" I 

l 
, "'fl IOCHRDY· P·EPPlD 



EPP MODE (MODE 100, ADDRESS READ, INPUT MODE) 

SLCTIN' fi /~---T 
! 

PDO-PD7 

BUSY 

I 

( ) i DATA-l 

! .. 

¥ r 

DO-D7 ( DATA-l , 
\ 
\ I , 

\ \ 

lOR' ~ 
\ 

~ \ 
\ 

\ 

"-
I 
I 

IOCHRDY' l 
, "'fl 

( DATA-2 

I 
) ( DATA-2 
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~STARTECH 
An P ~RCompany 

INFRARED ENCODER AND DECODER 

DESCRIPTION 

The ST84C01/02 is a single channel Infrared encoder 
and decoder, designed for wireless peripheral com­
munications. It meets the standard IrDa specification 
forwireless applications. The ST84C01 is offered with 
standard and programmable custom frequencies. The 
ST84C01 can interface directly to ST16C4S0 and 
ST16CSSO products. 
ST84C01/02 is designed in a 1.2!l process to achieve 
11S.2k baud transmission rate. 

f FEATURES 
.. 

• Selectable transmiUreceive bit rate 
• Low power single SV CMOS technology 
·8, 14 pin DIP or SOIC package. 
• Crystal oscillator circuit on board 

ORDERING INFORMATION 

Part number 

ST84C01CP8 
ST84C01CF8 
ST84C01 CP14 
ST84C01CF14 
ST84C02CP8 
ST84C02CF8 

Rev. 1.0 

Package Operating temperature 

Plastic-DIP 0 ° C to +70° C 
SOIC 0° C to +70° C 
Plastic-Dip 0° C to +70° C 
SOIC 0° C to +70° C 
Plastic-DIP 0 ° C to +70° C 
SOIC 0° C to +70° C 

4-49 

ST84C01 
Printed August 3, 1995 

Plastic-DIP Package 

16XBAUD 1 0) 8 vee 

RX 2 ~ 7 TJ( 

IRRX 3 ~ 6 IRTX 
U) 

GND 4 5 RESET 

EXCLK 1 
0) 

8 vee 
lL 

RX 2 ~ 7 TJ( 

IRRX 3 ~ 6 IRTX 
U) 

GND 4 5 RESET 

BCLK 1 14 A3 

XTAL1 2 13 vee 
.... 

XTAL2 3 u: 12 TJ( 

0 
RX 4 0 11 IRTX 

IRRX 5 ~ 10 RESET I-
U) 

GND 6 9 A2 

AO 7 8 A1 



..... 
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co 
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ST84C01 

BLOCK DIAGRAM 

XTALll 
EXCLKI 

16XBAUD 

XTAL2 

AO-A3 

c:) 

¢J 

Clock 
& 

Baud Rate 
Generator 

~J 
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Receive 
Pulse 

Converter 

~ 
~ 

!p 
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IRTX 

TX 

RESET 

IRRX 

RX 



ST84C01 

SYMBOL DESCRIPTION 

BCLK 0 Buffered clock output. To drive extemal UART clock. 

XTAL1 2 Crystal or Extemal Clock input. A crystal can be connected 
to this pin and XTAL2 pin to generate intemal reference 
clock. For extemal clock application, XTAL2 is left open or 
used as buffered clock output. 

XTAL2 3 0 Crystal clock output. 

RX 2 4 0 Receive data output. Standard UART data output for 8 bits 
wide word with 1 start and stop bits recovered from IRRX 
receive data. 

IRRX 3 5 Infrared receive data input. 

GND 4 6 0 Supply ground. 

AO 7* Address select O. To select the intemal preprogrammed 
data rates. 

A1 8* Address select 1. To select the intemal pre'programmed 
data rates. 

A2 9* Address select 2. To select the intemal preprogrammed 
data rates. 

RESET 5 10 Reset input (active high). To reset intemal counters, re-
ceiver and transmitter. 

IRTX 6 11 0 Infrared transmit data output. Converted standard UART 8 
bits wide word with 1 start and stop bit to IrOa specified 
pattern. 

TX 7 12 Transmit data input. Standard UART data input for 8 bits 
wide word with 1 start and stop bits. 

VCC 8 13 Positive supply input. 

A3 14* Address select 3. To select the internal preprogrammed 
data rates. 
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SYMBOL DESCRIPTION 

16XBAUD 

* Have internal pull-up resistors 

16 X BAUD rate clock input (ST84C01). User selectable 
transmit and receive data rates. This pin can be connected 
to ST16C450/550 baud-out pin. 

DATA RATE SELECTION TABLE 

21 LX .:'::.T A~ 
.. .: .... : ............ 

·(OIVlidR BAUD 
.: .. :.:: ... :." ..... : :.: ::: ~r~t ~:?':': ,": 

.... : ........ 

0 1 0 1 600 192 
0 1 1 0 1200 96 
0 1 1 1 2400 48 
1 0 0 0 3600 32 
1 0 0 1 4800 24 
1 0 1 0 7200 16 
1 0 1 1 9600 12 
1 1 0 0 19.2k 6 
1 1 0 1 38.4k 3 
1 1 1 0 57.6k 2 
1 1 1 1 115.2k 1 



ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 

DC ELECTRICAL CHARACTERISTICS 

TA=O - 70· C, VCC=5.0 V:t 10% unless otherwise specified. 

Input low level 
Input high level 
Output low level 
Output high level 
Input low current 
Input high current 
Operating current 
Input pull-up resistance 

AC ELECTRICAL CHARACTERISTICS 

2.0 

2.8 

35 

TA=O - 70· C, VCC=5.0 V:t 10% unless otherwise specified. 

.·.......i .. .... . ........... . 

CLOCK lise time 
CLOCK fall time 

4-53 

0.8 

0.5 

-100 
1 

1 1.2 
50 65 

ST84C01 

7 Volts 
GND-0.3 V to VCC+0.3 V 

O· C to +70· C 
_40· C to +150· C 

500mW 

Uiji~$ 

V 
V 
V 101.= 6.0 mA 
V IOH = 6.0 mA 

ItA Pin 3 only 

ItA VIN=Vcc Pin 3 
mA No load. 
kQ 

Limits .. . ... ··.~~i~~~~ ... . . . ...... i~: ... ...... .........] 

1.5 
1.5 

2 
2 

ns 
ns 

0.5V - 2.8V 
2.8V - 0.5V 



ST84C01 

INFRARED TRANSMIT TIMING 

TX 

IRTX 

I I 
"'III~I------- UART Frame ______ --.~I 
I I 
I I 

: ~ :4:~I------ Data Bits ------I~.:: g- : 
1001 1 00 1 
I 
I 

I 
I I I 
I I I 

I· 

LJl! n~ __ ~~ ___ -T:~nL __ ~ 
I I J ~ 
:.-.: ~ 1""-----
: I Bit Time 3/16 Bit Time ----+! i+-

1/2 Bit Time 

INFRARED RECEIVE TIMING 

IRRX 

RX 

I I 

~BitTime 
I I 
I I 

~ ~O-1 16x clock 
I delay 

t:: I..... ...11 Q. I co 1:<1 .... 1-. ---- Data Bits ------I .... .: .9 I 
1001 IC/)I 

r4:~I---'---- UART Frame ------~~: 
I 

16650-IR-1 
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~STARTECH 
An ~ EMRCompany 

IDE INTERFACE WITH 1/0 DECODE 

I DESCRIPTION 
t ..... .............................. rn 
The ST84C72 is designed to replace all necessary 
TTL logics for 16 bit IDE interface and decode logic for 
floppy controller and serial I parallel 110 ports. A select 
pin is provided to select primary or secondary address 
for hard and floppy decodes. On board crystal oscilla­
tor circuit provides 16, 9, and 1.8461 MHz clock 
outputs for some floppy controllers and uart from 48 
MHz extemal crystal connected to ST84C72. 

I FEATURES ,. ...... 
• Low power CMOS design 
• Direct bus connect 
• Replacement for more than 7 TTL parts 
• High speed for new design 
• Selectable 1/0 decode ports. ( COM1-COM4, 

LPT1-LPT2 ) 
• Floppy address decode 
• Pin selectable primary and secondary address 

decodes 

I. .. ORDERING INFORMATION .... 1 
Part number 

ST84C72CJ68 

Rev. 1.0 

Package 

PLCC 
Operating temperature 

o· C to +70· C 

ST84C72 
Printed August 3, 1995 

PLCC package 
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ST84C72 

~ BLOCK DIAGRAM 

SA O-SA I 0 

SALE 
SAEN* 

SDO-SD7 

SIOR*, SIOW* 

c::J 

~ 

I¢) 

c::J 

c::J 
¢: 

~ 
:§ .~ 
~ ~i 
~~~ 
1 ~ 
~ c3 
~ 

" 

; 

:i .~ 
\l()' 

~ ~ 

~ ~ ~~ 
't; ,!:: 
~ I:: 

:x: c3 

Clock 
& 

Timing 

-=--=--=--=- -=- -=--=--=- -=- -=--=--=--=--=- -=- -=--=- -=--=--=--=---=-;-~ -=-.::: ~ 
I I 
I I 
I I 
II 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

----~---" 

I I 
I I 
I I 
1" ___ ' 
i 1--' 
I I 
I I 
I I 
I I 
I c, __ "" 

_.---v' 

XTALl 

XTAL2 

SRESET* c::J Generator 

U 
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I/O 
Decode 
Logics 

IDE 
Interface 

Logic 

Floppy 
Interface 

Logic 

tic) 
c) 
c) 

¢:l 

¢:l 

~ 

c) 

c) 

~ 

c) 

LPTI-LP2 

COMI-COM4 

HIBEEN' 

JOEN 

IDEEN' 
FDCEN* 

BDO-BD7 

AO-A2 

10R*,IOW" 
ALE 
IDEO', IDEI' 

BDO-BD7 

FOR" 
FCR" 
FCS* 



ST84C72 

SYMBOL DESCRIPTION 

",,> .• ·····PII1······· 
Si!lmllType }< ...........< I 

.> Pin Qescription 

SAO-SA2 28-30 I Host address lines AO-A2. 

SA3-SA9 33-40 I Host address lines A3-A9. 

SA10 43 I Host address line A10. 

SALE 32 I Host address latch enable (active high). 

SAEN* 42 I Host address enable (active low). All decoded addresses 
are valid when SAEN* is low. 

SIOW* 41 I Host 110 write signal input (active low). Buffered data bus 
(BD7-BDO) are gated with SIOW*, SIOR* and 110 decoded 
addresses to insure proper valid data time slots. 

SIOR* 40 I Host 110 read signal input (active 10w).Buffered data bus 
(B07-BD7) are gated with SIOR*, SIOW* and 110 decoded 
addresses to insure proper valid data time slots. 

SDO-SD7 46-53 110 Host data bus. 

SRESET* 55 I Host system reset (internally pulled up, active low). This pin 
is used to set internal clock dividers to known state. For 
normal operation this pin should be left open or connected 
to VCC. 

XTAL1 17 I Crystal or external clock input. A crystal can be connected 
between XT AL 1 and XT AL2 with some additional filters to 
generate 48 Mhz clock frequency for floppy controller and 
UART clock. This pin can be connected to VCC or GND if 
CLK16, CLK9.6 and CLK1.8 are not used. 

XTAL2 18 0 Crystal output. This pin should be left open if external clock 
is used to connect to XTAL 1 or clock is not used. 

LPT1* 58 0 Line printer enable (active low). Primary printer enable 
signal. Decoded for address 378 Hex (LPn). 

LPT2* 60 0 Line printer enable (active lOW). Secondary printer enable 
signal. Decoded for address 278 Hex (LPT2). 
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SYMBOL DESCRIPTION 

$ig~~IType 

COM1* 67 0 Serial communication select pin (active low). Decoded 
for 3F8 Hex (COM-1). 

COM2* 65 0 Serial communication select pin (active low). Decoded 
for 2F8 Hex (COM-2). 

COM3* 63 0 Serial communication select pin (active low). Decoded 
for 3E8 Hex (COM-3). 

COM4* 61 0 Serial communication select pin (active low). Decoded 
for 2E8 Hex (COM-4). 

CLK1.8 56 0 1.8461 Mhz clock output generated from 48 Mhz crystal 
(crystal frequency or external clock divide by 26). This 
clock can substitute the standard 1.8432 Mhz serial 
communication clock. 

IOEN 45 Serial and parallel port access. Connecting this pin to pin 
44 (RDOUn ofthe ST16C452, ST16C552, or ST16C553 
enables the BDO-BD7 to access the serial and parallel 
ports. This pin should be tied to GND if external serial! 
parallel ports are not used. 

FDCEN* 15 Floppy controller enable/disable (internally pulled up). 
Floppy controller select is disabled when this pin is left 
open or connected to VCC. Floppy controller can be 
selected when this pin is connected to host SA7 pin 
(primary selection address 3F7, 3F5, 3F4 and 3F2 Hex) 
or A7* output pin of the ST84C72 (secondary selection 
address 377,375,374 and 372 Hex). 

FOR* 22 0 Floppy controller address decode (372/3F2 Hex). 

FCS* 23 0 Floppy controller address decode (377/3F7 Hex). 

FCR* 24 0 Floppy controller address decode (374-5/3F4-5 Hex). 

CLK16 20 0 16 Mhz clock output generated from 48 Mhz crystal ( 
crystal frequency or external clock divided by 3). 

4-58 



ST84C72 

SYMBOL DESCRIPTION 

li= .• i ..••••••••• 
..... ; •.. <.:;: 

$!9~~I1;Y.~. • .. 
; 

pi" < ·PinP~$(:rjptioll !ii< ( .. 

ClK9.6 21 0 9.6 Mhz clock output generated from 48 Mhz crystal (crystal 
frequency or extemal clock divide by 5) . 

. 
IOCS16* 25 I IDE 16 bit data transfer enable (internally pulled up, active 

low). This pin enables the extemal 74lS245 bus driver 
(HI BEN*) when IDE port is selected and 16 bit data transfer 
is required. 

IDEEN* 14 I IDE Enable/Disable (internally pulled up). IDE select is 
disabled when this pin is left open or connected to VCC. IDE 
controller can be selected when this pin is connected to A 7* 
output pin of the ST84C72 (primary selection address 3FO-
3F7 and 1 FO-1 F7 Hex) or host address line SA7 (secondary 
selection address 370-377 and 170-177Hex). 

IDE1* 4 0 IDE drive/register select-1 (active low). When IDEEN* is 
enabled via SA7, this pin is enabled when I/O port address 
3F6 or 3F7 Hex is accessed. When IDEEN* is enabled via 
A7* pin, IDE1· is enabled when 110 port address 376 or 377 
Hex is accessed. 

IDEO· 1 0 IDE drive/register select-O (active low). WhenIDEEN* is 
enabled via SA7, this pin is enabled when 1/0 port address 
1FO-1F7 Hex is accessed. When IDEEN*isenabledviaA7* 
pin, IDEO* is enabled when 1/0 port address 170-177 Hex is 
accessed. 

HIBEN* 26 0 High order data bus enable. This pin enables the external 
74lS245 data buffer (host SD8-SD15) when IOCS16* is 
active and IDE port is selected. 

AO-A1 11-10 0 Buffered host addresses AO and A 1. 

A2 13 0 Buffered host address A2. 

A7* 16 0 Inverted host address line SA7, This pin is used to primary 
IDE and floppy controller. 

BD3-BDO 5,2,68,66 1/0 Buffered lSB of low order host data bus (SDO-SD3). These 
bits are set to input mode when SIOW* is low. 
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t; SYMBOL DESCRIPTION 

BD4-BD6 64,62,59 

BD7 57 

ALE 9 

10R* 8 

10W* 7 

GND 6,19,31,54 

vee 3,12,27,44 

Optional external filter. 

17 18 
RI 

1M 
LI 

O.82uH 

XI 

o 
48 MHz 

1/0 Buffered MSB of low order host data bus (SD4-S06). These 
bits are set to input mode when SIOW* is low. 

I/O Buffered host data bit -7 (SD7). This bit goes to high 
impedance when address 3F7 or 1 F7 Hex is accessed 
during I/O read operation. BD7 is set to input mode when 
SIOW* is low. 

0 Buffered host address latch (SALE). 

0 Buffered host I/O read signal (HIOR*). 

0 Buffered host I/O write signal (HIOW*). 

0 Signal and power ground. 

Power supply input. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 

DC ELECTRICAL CHARACTERISTICS 

TA=O· - 70· C, Vcc=5.0 V:t: 10% unless otherwise specified. 

.... 

Mto 

VILCK Clock input low level -0.5 
VItK:.K Clock input high level 3.0 
VIL Input low level -0.5 
VIH Input high level 2.2 
VOl. Output low level on all outputs 
VOH Output high level 2.4 
Icc Avg power supply current 
ilL Input leakage 
IcL Clock leakage 
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pmJt$ 
T¥P Max 

0.6 
VCC 
0.8 

VCC 
0.4 

15 
:t:10 
:t:10 

ST84C72 

7 Volts 
GNO-0.3 V to VCC+0.3 V 

O· C to +70· C 
_40· C to +150· C 

500rnW 

.., 

Unit$ OPnditiPn$ 

V 
V 
V 
V 
V IOL= 16 rnA 
V IOH= -16 rnA 

rnA 
t.tA 
t.tA 

(J) 
-I 
~ o ...... 
N 
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~STARTECH 
An ~ EX4RCompany 

INTEGRATED DTMF RECEIVER 

DESCRIPTION 

The ST88C870 is a complete DTMF receiver integrat­
ing both the bandsplit filter and digital decoder func­
tions. The filter section uses switched capacitor 
techniques for high and low group filters; the decoder 
uses digital counting techniquesto detect and decode 
all 16 DTMF tone pairs into a 4-bit code. External 
component count is minimized by on chip provision of 
a differential input amplifier, clock oscillator and 
latched three state bus interface. 

FEATURES 

• complete DTMF Receiver 
• Low power consumption 
• Internal gain setting amplifier 
• Adjustable guard time 
• Central office quality 
• Power-down mode 
• Inhibit mode 
• Pin-To-Pin and functional compatible with Mitel 

MT8870 

r ORDERING INFORMATION 
I 

n 

Part number 
ST88C870CP18 
ST88C870CF18 

Package Operating temperature 
Plastic-DIP O· C to + 70· C 
SOIC O· C to + 70· C 

"Industrial operating range are available. 

Rev. 1.0 5-3 

Preliminary 
Infonnation 
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IN-

GC 
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BLOCK DIAGRAM 
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SYMBOL DESCRIPTION 

IN+ 

IN- 2 

GC 3 

Vref 4 

TD 5** 

PD 6** 

XTAL1 7 

XTAL2 8 

GND 9 

OE 10* 

DO-D3 11-14 

VTD 15 

ETD 16 

ST88C870 

Non-Inverting Op-Amp input. 

Inverting Op-Amp input. 

Gain adjustment. Op-Amp output of front end differential 
amplifier for connection of feedback resistor. 

0 Reference Voltage Output, Nominally set to half supply 
voltage, is used to bias inputs at mid-rail 

Tone disable. Logic high inhibits the detection of tones 
representing characters A, B, C and D. 

Power Down (active high). Powers down the device and 
inhibits the oscillator. 

Crystal oscillator, or External clock input pin. A 3.579545 
MHz crystal connected between XT AL 1 and XT AL2 com-
pletes the internal oscillator circuit. 

0 Crystal oscillator output pin. 

0 Supply ground pin. 

Output Enable (active high). To enable I disable the DO-D3 
outputs. 

0 Data outputs. When enabled by OE, provide the code 
corresponding to the last valid tone pair received. When OE 
is low, the data outputs are three stated. 

0 Valid Tone detection signal. Presents a logic high when a 
received tone pair has been registered and the output latch 
updated, returns to LogiC low when the voltage on SI/GT 
falls below Vtst. 

0 Early Tone detection. Presents a logic high once the digital 
algorithm has detected a valid tone pair. Any momentary 
loss of signal condition will cause ETD to return to a logiC 
low. 
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SYMBOL DESCRIPTION 

SI/GT 17 I/O 

Pil1 ••. De.sc~jptiol1 

Steering Input I Guard time (Output) Bidirectional. A volt­
age greater than Vtst detected at 51 causes the device to 
register the detected tone pair and update the output latch. 
A voltage less than Vtst frees the device to accept a new 
tone pair. The GT output acts to reset the external steering 
time constant; its state is a function of ETD and the voltage 
on 51. 

VCC 18 Most positive power supply. Typically 5 Volts. 

* ::: Internal pull-up resistor 
** = Internal pull-down resistor 

FILTER SECTION 

Separation of the low group and high group tones is 
achieved by applying the DTMF signal to the inputs of 
two sixth-order switched capacitor bandpass filters, 
the bandwidths of which correspond to the low and 
high group frequencies. The filter section also incor­
porates notches at 350 and 440 Hz for exceptional dial 
tone rejection. Each filter output is followed by a single 
order RC smoothing filter section which smoothes the 
signals prior to limiting. Limiting is performed by high 
gain compactors which are provided with hysteresis to 
prevent detection of unwanted low level signals. The 
outputs ofthe compactors provide full rail logic swings 
at the frequencies of the incoming DTMF signals. 

DECODER SECTION 

Following the filter section is a decoder employing 
digital counting techniques to determine the frequen­
cies of the incoming tones and to verify that they 
correspond to standard DTMF frequencies. A. com­
plex averaging algorithm protects against tone simu­
lation by extraneous signals such as voice while 
providing tolerance to small frequency deviations and 
variations. This averaging algorithm has been devel­
oped to ensure an optimum combination of immunity 

to talk-off and tolerance to the presence of interfering 
frequencies and noise. 

When the detector recognizes the presence of two 
valid tones (this is referred to as the "signal condition" 
in some industry specifications) the ETD output will go 
to an active state. Any subsequent loss of signal 
condition will cause ETD to assume an inactive state. 

o 
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FUNCTIONAL DECODING TABLE: 

~§'( IQ§/ q~< ETD 03 02 01 00 FL FH 

ANY L X H Z Z Z Z 
1 H X H 0 0 0 1 697 1209 
2 H X H 0 0 1 0 697 1336 
3 H X H 0 0 1 1 697 1477 
4 H X H 0 1 0 0 770 1209 
5 H X H 0 1 0 1 770 1336 
6 H X H 0 1 1 0 770 1477 
7 H X H 0 1 1 1 852 1209 
8 H X H 1 0 0 0 852 1336 
9 H X H 1 0 0 1 852 1477 
0 H X H 1 0 1 0 941 1209 . H X H 1 0 1 1 941 1336 
# H X H 1 1 0 0 941 1477 
A H X H 1 1 0 1 697 1633 
8 H X H 1 1 1 0 770 1633 
C H X H 1 1 1 1 852 1633 
0 H X H 0 0 0 0 941 1633 

A H H L Tl'leQutputCQde will 
8 H H L 
C H H L remain the same as .the 

0 H H L ptelliousdetected ·cQde. 

STEERING CIRCUIT 

Before registration of a decoded tone pair, the re­
ceiverchecks for a valid signal duration (referred to as 
character recognition condition). This check is per­
formed by an external RC time constant driven by 
ETD. A logic high on ETD causes Vcx (Fig. 1,2) to rise 
as the capacitordischarges. Provided signal condition 
is maintained (ETD remains high) for the validation 
period (T12) Vcx reaches the threshold (ETD) of the 
steering logic to register the tone pair, latching its 
corresponding 4-bit code into the output latch. At this 
pointthe GT output is activated and drives Vex to Vcc. 
GT continues to drive high as long as ETD remains 
high. Finally, after a short delay to allow the output 
latch to settle, the delayed steering output flag STD 
goes high, signaling that a received tone pair has been 
registered. 
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The contents ofthe output latch are made available on 
the 4-bit output bus by raising the three state control 
input (OE) to a logic high. The steering circuit works 
in reverse to validate the interdigit pause between 
signals. Thus, as well as rejecting signals too short to 
be considered valid, the receiver will tolerate signal 
interruptions too short to be considered a valid pause. 
This facility, together with the capability of selecting 
the steering time constants externally, allows the 
designer to tailor performance to meet a wide variety 
of system requirements. 

GUARD TIME ADJUSTMENTS 

In many situations not requiring selection of tone 
duration and interdigit pause, the simple steering 
circuit shown in is applicable. 

Component values are chosen according to the for­
mula: 

T14 = T12 + T4 
T16=T13+T5 

T4 = (RpCx) Ln [VCC J (VCC-Vcx)] 
T5 = (R1Cx) Ln (VCC J Vcx) 
Rp = (R1R2) J (R1+R2) 

• Decreasing T4 (T4 < T5 ) Fig. 2 
• Decreasing T5 ( T4 > T5 ) Fig. 1 

Rl 
R>< 

Figure 1. 

R2 
Rx 

CJ) 
-I 
00 
00 
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00 ..... 
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SUGT v'" 

RI R2 
Rx Rx 

EID 

Figure 2. 

The value of T12 is a device parameter and T14 is the 
minimum signal duration to be recognized by the 
receiver (see timing diagram). A value for C of 0.1 f.lF 
is recommended for most applications, leaving R to be 
selected by the designer. 

Different steering arrangements may be used to se­
lect independently the guard times for tone present 
(T4) and tone absent (T5). This may be necessary to 
meet system specifications which place both accept 
and reject limits on both tone duration and interdigit 
pause. Guard time adjustment also allows the de­
signer to tailor system parameters such as talk off and 
noise immunity. Increasing T14 improves talk-off 
performance since it reduces the probability that tones 
Simulated by speech will maintain Signal condition 
long enough to be registered. Alternatively, relatively 
short T14 with a long T17 would be appropriate for 
extremely noisy environments where fast acquisition 
time and immunity to tone drop-outs are required. 

POWER DOWN MODE 

A logic high applied to PDwill power down the device 
to minimize the power consumption in a standby 
mode. It stops the oscillator and the functions of the 
filters. 

Inhibit mode is enabled by a logic high input to the TD. 
It inhibits the detection of tones representing charac­
ters A, B, C, and D. The output code will remain the 
same as the previous detected code. 

DIFFERENTIAL INPUT CONFIGURA­
TION 

The input arrangement of the ST88C870 provides a 
differential input operational amplifieraswell as a bias 
source (Vref) which is used to bias the inputs at mid 
rail. Provision is made for connection of a feedback 
resistor to the op-amp output (GC) for adjustment of 
gain. In a single ended configuration, the input pins are 
connected as shown in Figure 4 with the op-amp 
connected for unity gain and Vref biasing the input at 
VCC/2. 

Figure 6 shows the differential configuration, which 
permits the adjustment of gain with the feedback 
resistor R3. 

T CI ST88C870 

I~~ __ ~RI~~~ ______ ~ 
~ lOOk 

O.OluF L...=-ll----l 

R C2 
IL ___ J~~R2Vv~~ __ T-~ 
~ lOOk 
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O.OluF 
R3 GC 

lOOk 

R4 R3 
374k 60.4k 

Figure 3. 

R4 = ( R3R5 ) / ( R3+R5 ) 
Voltage gain = R3 / R2 

Z in = 2 v' R22 + (1 / WC )2 

Vrcf 

CRYSTAL OSCILLATOR CIRCUIT 

The internal clock circuit is completed with the addi­
tion of an external 3.579545 MHz crystal and is 
normally connected as shown in Figure 4 (Single­
Ended Input Configuration). However it is possible to 
configure several ST88C870 devices employing only 



a single oscillator crystal. The oscillator output of the 
first device in the chain is coupled through a 30pF 
capacitor to the oscillator input (XTAL 1) of the next 
device Figure 5. Subsequent devices are connected 
in a similar fashion. The problems associated with 
unbalanced loading are not a concern with the ar­
rangement shown, i.e., precision balancing 
capacitors are not required. 

CRYSTAL OSCILLATOR SPECIFICA­
TIONS 

F = 1 I (2Jt Y ( L 1 C1 ) 
L1 '" 0.532 mH 
C1 '" 4.984 pF 
R1 '" 10.752 Q 
CO = 38 pF 
Q = 896 

OTMF CI 

[J---1 
O.luF 

PO 
TO 

ETO 

R1 

lOOK 

4 
6 
5 

16 

UI 

IN' 

IN-

GC 

Vrcf 
PO 
TO 
ETO 

GND 

STS8C870 

IN+ vce 

OE 
IN-

SIIOT 

GC VTO 

Vrcf 
PO 
TO DJ 
ETO 02 

DI 
00 

GND 

>: 0 

" 

3.579545 MHz 

Figure 4. 
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ABSOLUTE MAXIMUM RATINGS 

Supply range 
Voltage at any pin 
Operating temperature 
Storage temperature 
Package dissipation 

DC ELECTRICAL CHARACTERISTICS 

TA=O° - 70 0 C, Vcc=5.0 V ± 10% unless otherwise specified. 

$yrpl:>PI 
I .> ...•••••. 

Parameter 
Min 

V,LCK Clock input low level -0.5 
V,HCK Clock input high level 3.0 
V,L Input low level -0.5 
V,H Input high level 2.2 
VOL Output low level on all outputs 
VOH Output high level 2.4 
Icc Avg. power supply current 
ISTD Standby current 
IlL Input leakage 
IcL Clock leakage 
RilL Input leakage current 
lup Input pull-up current 
IDN Input pull-down current 
RIN Input impedance 
Vvr Threshold voltage 2.2 
VREF Vref output voltage 2.3 
VR Vref output resistance 
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Limits 
Typ Max 

0.6 
VCC 
0.8 

VCC 
0.4 

5 10 
10 25 

±10 
±10 

0.1 
10 20 
15 40 
10 
2.4 2.5 
2.5 2.7 
1 

7 Volts 
GND-0.3 V to VCC+0.3 V 

00 C to +70 0 C 
_40 0 C to +150 0 C 

500 mW 

Units Conditions 

V 
V 
V 
V 
V IOL= 6 rnA 
V IOH= -6 rnA 

rnA 
flA 
f,IA 
f,IA 
flA 
f,IA 
flA 
MQ 
V 
V 

kQ 



·ST88C870 

AC ELECTRICAL CHARACTERISTICS 

TA=O· - 70· C, Vcc=5.0 V ± 10% unless otherwise specified. 

i""""}'}",'·' ,.}>, ',,:::\,: /'i "<:::{'·)·':·" :., ", , :: ~:::::'>'·.i::'<' .. \ .... 
·'·',1/ ·q~f ~;~;j-", 

Im//, li/' .. '.·.· .>:':/ •... , I~Im· 
Limits l.J!1it~ 
r' ·M~~ ,yp ' •... , ... 

:. "'::":<:' "'>.:.:::. '":":". "': 

Tl Input clock frequency 3.5795 MHz 
T2 Input clock duty cycle 40 50 60 % 
T3 Clock rise/fall time 110 ns 
T6 Propagation delay SI to 00-03 8 16 fls 
T7 Propagation delay 00-03 to STO 8 16 fls 
Ts Power down time 20 ms 
T9 Power up time 30 ms 
TID Propagation delay SI to STO 12 16 fls 
T12 Tone present detect time 5 11 14 ms 
T13 Tone absent detect time 0.5 4 8.5 ms 
T14 Tone duration accept 40 ms 
T15 Tone duration reject 20 ms 
T16 Interdigit pause accept 40 ms 
T17 Interdigit pause reject 20 ms 
T19 Propagation delay 8 16 fls 
T21 Output data setup time 3.4 fls 
T22 Propagation delay OE to 00-03 50 ns 

disable 
T23 Propagation delay OE to 00-03 300 ns 

enable 

*NOTES 
1. dBm= decibels above or below a reference power of 1 mW into a 600 ohm load. 
2. Oigit sequence consists of all OTMF tones. 
3.Tone duration=40 mS,tone pause=40ms. 
6.Signal condition consists of nominal OTMF frequencies. 
S.Both tones in composite signal have an equal amplitude. 
6. Tone pair is deviated by ±1.5% ±2 Hz. 
7. Bandwidth limited (3 kHz) Gaussian noise. 
8. The precise dial tone frequencies are (350 Hz and 400 Hz) ±2 %. 
9. For an error rate of better than 1 in 10,000. 
10. Referenced to lowest level frequency component in OTMF signal. 
11. Referenced to the minimum valid accept level. 

. 12. Guaranteed by design and characterization. 
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~STARTECH 
Preliminary 
Infonnation ST56CXXX 

An r EMRCompany Printed August 3, 1995 

ADVANCED HIGH PERFORMANCE SUPER-I/O CONTROLLER 

r DESCRIPTION 
I 

The ST56C5XX is an advanced high performance 
super-I/O controller, designed to replace the IDE 
controller, four Floppy controllers, two serial 
ST16C550 UART's with advanced Microsoft/Hewlett 
Packard ECP, IBM EPP printer port and game port. 
The ST56C5XX utilizes digital phase locked loop for 
the floppy controller section to eliminate the external 
components ( except the main crystal ). The 
ST56C5XX is optimized for mother board applications 
as well as controller board applications. ST56C5XX 
provides high ESD circuits on the printer data bus and 
I/O to prevent damage caused by the printer being 
powered when the ST56C5XX is not powered. 

r FEATURES 
I 

• Licensed CMOS WD37C65C floppy controller. 
• Supports vertical recording format 
·100% IBM compatible 
• 48 rnA drivers and schmitt Trigger inputs. 
• DMA enable logic 
• FDC primary and secondary address selection 
• Two 16C550 serial ports 
• Microsoft/Hewlett Packard Bi-directional ECP paral-

lel port 
• IBM EPP (Enhanced Printer Port) 
• 16 bit IDE interface and decode logic 
• Game port 
• 100 pin TOFP and OFP packages 
• Low power CMOS 1.2[1 technology 

r ORDERING INFORMATION 
I 

Part number Package Operating temperature 

ST56CXXXC0100 OFP 
ST56CXXXCT0100 TOFP 

0° C to + 70° C 
0° C to + 70° C 
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~STARTECH ST16C554E 
An 1e' EMRCompany Printed August 3, 1995 

QUAD ASYNCHRONOUS RECEIVER/TRANSMITTER WITH FIFOs 

r DESCRIPTION 
rn PLCC Package 

I 

The ST16C554E is a universal asynchronous receiver 
and transmitter with 64 byte transmit and receive 
FIFO. A programmable baud rate generator is 

~ ~ 8 8 8 ~ 8 S ;; 8 ~ ~ § 

provided to select transmit and receive clock rates 
from 50Hz to 1.5 MHz. 
The ST16C554E is an improved version of the 
NS16C550 UART with higher operating speed and 
lower access time. The ST16C554E on board status 
registers provides the error conditions, type and 
status of the transfer operation being performed. 
Included is complete MODEM control capability, and 
a processor interrupt system that may be software 
tailored to the user's requirements. The ST16C554E 
provides internal loop-back capability for on board 
diagnostic testing. 
The ST16C554E is fabricated in an advanced 1.2fl 
CMOS process to achieve low drain power and high 
speed requirements. 

§ ~ ~ ~ ~ '" 
~ t ~ ~ ~ ~ ~ ~ ~ ~ 

r FEATURES rn 

~ 

I 

• Pin to pin and functional compatible to ST16C554 QFP Package 
• 64 byte transmit FIFO 
• 64 byte receive FIFO with error flags 

~ i ~ § 8 ~ ~ • Modem control Signals (CTS*, RTS*, DSR*, DTR*, 8 8 ! a B 

RI*, CD*) 
• Programmable character lengths (5, 6, 7, 8) 
• Even, odd, orno parity bit generation and detection 
• Status report register 
• Independent transmit and receive control 
• TTL compatible inputs, outputs 
• Software compatible with INS8250, NS16C550 
• 460.8 kHz transmiUreceive operation with 7.372 

MHz crystal or external clock source 

r ORDERING INFORMATION rn I 

Part number Package Operating temperature 

ST16C554EC064 OFP 00 C to + 70 0 C 
ST16C554EDC064 OFP 00 C to + 70 0 C i ~ ~ ~ ~ ~ ~ i 

~ ~ i ~ ~ § ~ 
ST16C554EDCJ68 PLCC 00 C to + 70 0 C ~ ~ 

ST16C554EDIJ68 PLCC _40 0 C to + 85 0 C 

Rev. 1.0 6-5 
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CLOCK APPLICATION NOTES 

GENERAL APPLICATION NOTE FOR STARTECH CLOCK FAMILY 

The ST49CXXX video I memory clock chips provide 
5-130 MHz clock outputs which may cause unwanted 
EMI problems. 
To minimize problems with meeting FCC EMI require­
ments, consideration should be given to the following 
sections of the board design. 

Power supply conditioning 
Printed Circuit Board Layout 
Video I Memory clock outputs and drive capabilities 
Extemal clock sources 
Reference clock sources 
Digital control I select inputs 
Extemal loop filters 

Power supply considerations 
Under normal conditions no extemal components are 
required for propper operation of any of the intemal 
circuitry of the ST 49CXXX. It is required to have spike 
free ( or minimum) and stable supply source to the 
chips. To provide stable and clean supply voltage to 
STARTECH clock chips we recommend to use 0.1 flF 
capacitors close to IC's power supply lines (VCC, 
AVCC and DVCC inputs). Analog and digital supply 
lines are separated from each other to reduce noise 
generated due to intemal digital switching. 
In most ofthe design cases +5V and +12V supplies are 
provided. A clean +5V supply can be obtained from 
the +12V supply by utilizing a 4700 drop resistor and 
5.1V zener diode bypassed by 0.047flF and 2.2flF 
Tantalum capacitors ( or higher) to ground. 
Trace width should be maximized from the supply 
source and good ground planes on top and bottom 
layers ofthe printed circuit board are recommended. 

Printed Circuit Board (PCB) layout 
We recommend to place all extemal components as 
close as possible to the clock chips to reduce trace 
length between pin and component connections. It is 
important to keep components not related to clock IC's 
(DRAM and other memory devices) far and not share 
the grounds. In applications utilizing a multi-layer 
board, GND, AGND, and DGND should be directly 
connected to the ground plane. If possible A full power 
and ground plane layout should be employed both 
under and around the IC package. 

7-3 

Video I Memory clock outputs and drive capabili­
ties 
Video clock is usually the highest frequency present in 
video graphics system board/card and consideration 
should be given to FCC EMI requirements. 
The trace connecting DCLK and MCLK clock output 
pins to other components should be kept as close as 
possible ( with optional 330 resistor in series ) to 
reduce the possible emitting Signals and jitter. 

External clock sources 
When an external clock source is used to bypass the 
internal VCO to DCLK and MCLK outputs, clock 
should have fast rise I fall times and minimum jitter. 
This signal will be connected internally to the clock 
output pin when it is selected I enabled. The internal 
VCO circuit will be locked to its internal selected 
frequency. 

Reference clock sources 
The internal oscillator circuit contains all of the pas­
sive components required for the external crystal. An 
appropriate parallel resonant crystal should be con­
nected between XTAL 1 and XTAL2. 
The crystal leads and input pins should be maintained 
as close as pOSSible, and the body ofthe crystal should 
be grounded to minimize the noise pickup. For IBM 
compatible applications, the 14.31818 MHz system or 
crystal clock is used as a reference clock to the Chip. 

Digital control I select inputs 
The ST49CXXX provides TTL compatible address 
select and latch input pins to interface with CMOS or 
TTL! LSTTL devices. The AO-A4 and MO-M1 can also 
be connected to the Data bus if required. 
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UART APPLICATION NOTES 

GENERAL APPLICATION NOTE FOR STARTECH UART FAMILY 

The AN-450 provides additional information to guide 
users to design or utilize the ST ARTECH product line. 
This document can also be used for all the 
ST ARTECH UART product lines. 

GENERAL INFORMATION 

STARTECH offers UART's with orwithout FIFO capa­
bilities, and are marked as 45X for non FIFO families 
and 55X for FIFO families. All parts with sharing part 
numbers are foot print compatible in some extent, like 
ST16C450 and ST16C550, ST16C2450 and 
ST16C2550, etc. 

This section will describe general terms for commonly 
used flags and registers. 

OVERRUN ERROR: 
The flag is set to "1" to warn the user that a serial data 
has been received and previous serial data has not 
been read from receive holding register. The new 
serial data will over write the previous data in the 
receive holding register. Note that previous serial data 
has been lost and user does not have an access to that 
data. 

PARITY ERROR: 
This flag is set "1" to indicate that received serial data 
contains mismatched parity or data bit error in the 
received data. 

PARITY: 
Four common types of parities are used in the 
STARTECH Uart families; Odd Parity, Even Parity, 
Forced Mark Parity and Forced Space Parity. 

ODD PARITY: 
Odd Parity is calculated by adding all the "1's" in a data 
stream and adding a parity bit to the total bits, to make 
the total count an odd number. 

Example -1: A data byte with the following pattern 
11010010 will require to add a parity bit of "1" to bring 
the total count for "1's" to an odd number. Based on 
this data pattern, serial data with odd parity will be 
transmitted as 110100101. 

Example -2: A data byte with the following pattern 
10011000 will require to add a parity bit of "0" to 
maintain the total count of "1's" to an odd number. 
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Based on this data pattern serial data with odd parity 
will be transmitted as 100110000. 

EVEN PARITY: 
Even Parity is calculated by adding all the "1's" in a 
data stream and adding a parity bit to the total bits, to 
make the count an even number. 

Example -3: A data byte with the following pattern 
1 00001 01 will require to add a parity bit of "1" to bring 
the total count for "1's" to an even number. Based on 
this data pattern, serial data with even parity will be 
transmitted as 1 00001 011. 

Example -4: A data byte with the following pattern 
00001111 will require to add a parity bit of "0" to 
maintain the total count for "1's" to an even number. 
Based on this data pattern, serial data with even 
parity, will be transmitted as 000011110. 

FORCED SPACE PARITY: 
Parity bit on the serial byte is set to "0" regardless of 

total number of "1's" (even or odd counts). 

FORCED MARK PARITY: 
Parity bit on the serial byte is set to "1" regardless of 
total number of "1's" (even or odd counts). 

FRAMING ERROR: 
The flag is set to"1" to indicate that received data does 
not have correct start or stop bits. Thiscan cause when 
the Uarts are set for 8-bits word and receiving a serial 
data of 7-bits word or any mismatched data patterns. 

BREAK SIGNAL INDICATION: 
This flag is set to"1" to warn the user that transmitter 
is sending continuous "0" data without stop bit (RX 
input is low for more that one word). 

TRANSMIT/RECEIVE FIFO: 
STARTECH offers 16 byte transmit FIFO and 16 byte 
receive FIFO for all its products with 55X part num­
bers. These FIFO's are static 19 X 16 bit RAM with 
control logic to form a ring counter. Initializing the 
FIFO will set the write and read pOinters to the same 
location. 

TRANSMIT EMPTY: 
This flag is set "1" to indicate that, there is no 
character in the transmit holding and transmit shift 
register 
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TRANSMIT HOLDING EMPTY: 
This flag is set"1" to indicate that, there is one or more 
empty locations in the transmit holding register .. User 
has to check this bit before loading characters In the 
transmit holding register. In non FIFO mode, user can 
load one character at a time when this flag is set and 
16 characters when FIFO mode is utilized. 

RECEIVER DATA READY: 
This bit is set "1" to indicate that, receiver has one or 
more character in the receive holding register. User 
has to check this bit prior to read receive holding 
register. In non FIFO mode, only one characterattime 
can be read. In FIFO mode up to 16 characters can be 
read if time bit is set. 

RECEIVE TIME-OUT: 
This mode is enabled when STARTECH UART is 
operating in FIFO mode. Receive time out will not 
occur if the receive FIFO is empty. The time out 
counter will be reset at the center of each stop bit 
received or each time receive holding register is read. 
The actual time out value is T ( Time out length in 
bits)= 4 X P ( Programmed word length) + 12. To 
convert time out value to a character value, user has 
to divide this number to its complete word length + 
parity ( if used) + number of stop bits and start bit. 

Example -7: If user programs the word length = 7, and 
no parity and one stop bit, Time out will be: 
T =4 X 7( programmed word length) +12 = 40 bits 
Character time = 40/ 9 [(programmed word length = 
7) + (stop bit = 1) + (start bit = 1)] = 4.4 characters. 

Example -8: Ifuser programs the word length = 7, with 
parity and one stop bit, the time out will be: 
T = 4 X 7(programmed word length) + 12 = 40 bits 
Character time = 40 / 10 [ (programmed word length 
= 7) + (parity = 1) + (stop bit = 1) + (start bit = 1) = 4 
characters. 

BAUD RATE GENERATOR: 
STARTECH provides a 16 bit digital divider to obtain 
all necessary baud rates. The 16 bit divider is broken 
down in to two 8-bit dividers which will be addressed 
as MSB divider (upper 8-bits) and LSB divider (lower 
8-bits). To calculate the transmit/receive data rate it 
is necessary to know the provided clock rate (fre­
quency) to ST ARTECH parts. ST ARTECH utilizes 16 
clocks for each transmit bit and 16 clocks to sample 
the received data. Note that inorder to access these 
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dividers, user has to enable the divisor latch access bit 
through the Line Control Register. 

Bit rate is calculated by: 
Dividing decimal number = (Clock rate) / (16 X bit 
rate). 
To program the digital divider, dividing decimal num­
ber should be converted to hex (base 16) number and 
split into two 8-bits sections. 

Example -5: To obtain 4800 Hz baud rate, assuming 
1.8432 MHz input clock, the dividing decimal value is 
( input clock=1843200) / (16 X 4800) = 24 

24 decimal = 0018 Hex, this value is translated to MSB 
= 00 Hex and LSB = 18 Hex. 

BAUD RATE VERSUS BIT RATE: 
The baud rate defines the width of each bit regardless 
of word, parity and stop bit length. Bit rate, is the ra~e 
of the transmission which each character is transmit­
ted or received. The 2400 baud rate transmission is 
translated to 2400 Hz per bit for each character in a 
word. With 2400 baud you can transmit between 7 to 
12 characters per slot. 

PROGRAMMING STEPS: 
The AN-450 provides the easy steps to program 
STARTECH Uart family. Note that all numbers are in 
Hex format not decimal. 

Write 80 Hexto LCR (Line Control Register) to enable 
baud rate generator divider latch 
to set 2400 Hz baud rate: 
write 00 Hex to MSB of baud rate generator (address 
location 1). 
Write 30 Hex to LSB of baud rate generator (address 
location 0). 

Select you word, parity and stop bit format from 
ST ARTECH Uart data sheet. 
to set 8 bits, no parity and one top bit and disable the 
divisor access latch 
write 03 Hex to LCR (Line Control Register): 

if you need to use Uarts with FIFO, select your receive 
trigger level from data sheet. 
to enable FIFO with 14 character trigger level 
write CF Hex to FCR (FIFO Control Register) 



enable interrupt sources 
write 01 Hex to IER (Interrupt Enable Register) to 
select receive interrupt. 

to set RTS and DTR outputs to low and enable the 
interrupt output 
write 08 Hex to MCR (Modem Control Register). 

The ST ARTECH Uart is ready for transmit and receive 
operation. 

Read MSR (Modem Status Register) to check the 
status of CD, RI, DSR, CTS input pins. 

Read LSR (Line Status Register). 

For polling applications (non interrupt mode) user has 
to monitor bit zero of this register to verify valid data 
in the receive holding register. 

Check the Transmit Holding Empty bit before loading 
data in the transmit holding register, 

continue the transmission. 

External Clock Connections 
STl6C450 
STl6C550 
STl6C1450 
STl6C1550 
STl6C2450 
STl6C2550 

XTALI XTAL2 

ExtemalClock 

STl6C454 
STt6C554 
ST68C454 
ST68C554 

XTALI 

External Clock 

XTAL2 
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Serial Crystal Connections 
ST16C450 
STl6C550 
STl6C1450 
STl6C1550 
STl6C2450 
ST16C2550 

XTALI XTAL2 

RI 

1M 

>"-2 
50-300 

STl6C454 
STl6C554 
ST68C454 
ST68C554 

XTALI 

Xl o 

XTAL2 

50-3 

1.8432 MHz 

27 I C2 

Parallel Crystal Connections 
STl6C450 
STl6C550 
STl6C1450 
STl6C1550 
STl6C2450 
STl6C2550 

XTALI XTAL2 

Rl 

1M 

Xl 

r-IDf--
1.8432 MHz 

- C2 I27PF 

STl6C454 
STl6C554 
ST68C454 
ST68C554 

XTALI 

Xl o 

XTAL2 

1.8432 MHz 

Cl 127PF 
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APPLICATION NOTES 

C PROGRAM SAMPLE 

; File: sample.c Package:UART init 
; This is a sample code to show how to initialize the UART series of chips 
; from Startech Semiconductors. 
; This also includes some basic external loop back thru' two different 
; ports using the FIFO capability. 
; This also includes external loop back thru a different computer 

#include <stdio.h> 
#include <string.h> 
#include <fcntl.h> 

#define TRUE 1 
#define FALSE 0 

/* These are the various offsets for the registers inside the chip */ 
#define RHR OxOO /* Receive Holding Register */ 
#define THR OxOO /* Receive Holding Register */ 
#define IER Ox01 /* Interrupt Enable Register */ 
#define FCR Ox02 /* FIFO control Register */ 
#define ISR Ox02 /* Interrupt Status Register */ 
#define LCR Ox03 /* Line control register */ 
#define MCR Ox04 /* Modem Control Register */ 
#define LSR OxOS /* Line Status Register */ 
#define MSR Ox06 /* Modem Status Register */ 
#define SCR Ox07 /* Scratch pad Register */ 

1* This two offsets are used for defining the baud rate */ 
#define DIVLSB OxOO /* Divisor LSB latch address */ 
#define DIVMSB Ox01 /* Divisor MSB Latch address */ 

/*\ 
* Program table for baud rate 
* This represents the LSB and MSB divisor latch data 

\*/ 
char baud_table[8][2J = { 

{ Ox80, Ox01 }, /* 300 */ 
{ Ox60, OxOO }, /* 1200 */ 
{ Ox30, OxOO }, /* 2400 */ 
{ OxOc, OxOO }, /* 9600 */ 
{ Ox06, OxOO }, /* 19K */ 
{ Ox03, OxOO }, /* 38k */ 
{ Ox02, OxOO }, /* S6k */ 
{Ox01, OxOO } /* 115k */ 

}; 
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/* Baud Rates */ 
#define _COM_300_ 0 
#define _COM_1200_ 1 
#define _COM_2400_ 2 
#define _COM_9600_ 3 
#define _COM_19K_ 4 
#define _COM_38K_ S 
#define _COM_S6K_ 6 
#define _COM_11SK_ 7 

1* Parity */ 
#define _COM_NOPARITY _ 0 
#define _COM_ODDPARITY _ 1 
#define _COM_EVEN PARITY _ 2 

1* Stopbits */ 
#define _COM_STOP1_ 0 
#define _COM_STOP2_ 1 
#define _COM_STOP1_S_ 1 

1* word length */ 
#define _COM_CHRS_ 0 
#define _COM_CHR6_ 1 
#define _COM_CHR7_ 2 
#define -COM_CHR8_ 3 

1* word length */ 
#define _COM_FIF01_ 0 
#define _COM_FIF04_ 1 
#define _COM]IF08_ 2 
#define _ COM_FIF014_ 3 

1*\ 
* This function checks the existence of a port. 
* It is very simple. Take the port address then write to the scratch pad 
* an the read it back. If the data read back the same as one that was 
* written then retum TRUE else retum FALSE. 

\*/ 
int 
checkJ)ort(com_port) 
int comJ)Ort; 
{ 

int i; 

printf("Checking for port %4xH\n",com_port); 
/* Write 1010 1010 (Oxaa) to scratch pad*/ 

7-9 

c: 

~ 
~ 
'"0 
C 

£ 
6 z 
z o 
-t m 



W 
I­o 
Z 
z 
o 

~ 
~ 
Il.. 
Il.. « 
UJ 

&: « 
::l 

APPLICATION NOTES 

printf("Writing AAH in %4xH\n",com_port); 
outportb(com_port + SCR, Oxaa); 

1* read it back. If it the same then return TRUE */ 
i = inportb(com_port + SCR); 

printf("Read back %2xH from %4xH\n",i,com_port); 

if( i == Oxaa) 
return TRUE; 

else 
return FALSE; 

/*\ 
* This is the work horse function which actually setups the UART. 
* It needs to know every thing. 

\*/ 
int 
init_uart(port,baud,paritY,data,stop,fifo,trigger) 
int port,baud,paritY,data,stop,fifo,trigger; 
{ 

1* Set divisor latch */ 
outportb(port+LCR, Ox80) ; 

printf(UDivisor Latch is %2xH %2xH (High Low)\n", 
baud_table[baud][1],baud_table[baud][O]); 

outportb(port+DIVLSB, baud_table[baud][O]) ; 
outportb(port+DIVMSB, baud_table[baud][1]) ; 

1* Reset to normal Programming */ 
/* Program the Icr_byte for the above parameters */ 
Icr_byte = OxOO; 
Icr_byte = data; /* Set the bitO & bit1 for word length */ 
Icr_byte ;= stop « 3; 1* Set the bit2 for stop bit */ 
if(parity != _COM_NOPARITY-> { 

Icr_byte ;= 1 «4; /* Set the bit3 for parity */ 
if(parity == _COM_EVENPARITY-> 

Icr_byte ;= 1 « 5; 1* Set the bit4 for EVEN parity */ 
} 

printf("LCR byte is %2xH\n",lcr_byte); 
1* Program LCR */ 
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outportb(port+LCR, Icr_byte) ; 

if(fifo) { 
char fifo_byte; 

printf("Programming FIFOs without DMA mode\n"); 

r Have to first set the fifo enable */ 
fifo_byte = OX01; 
outportb(port+FCR,fifo_byte); 

r Now program the FIFO */ 
fifo_byte = Ox07; /* set bitO - FIFO enable, Reset RCVR and XMIT FIFO */ 
fifo_byte ;= trigger « 7; /* set bit6 and bit7 with the trigger level */ 

r Program FCR */ 
outportb(port+FCR,fifo_byte); 
if(-(inportb(port + ISR) & OxcO» { 

printf("This port %4xH does not have FIFOs\n'); 
printf("Hence did not program Enable FIFOs\n"); 

} 
} 

r Program IER */ 
printf("Programming IER for interrupt on bitO RCV holding Register\n"); 
outportb(port+IER, Ox01); 

retumTRUE; 
} 

1*\ 
* This is the test mode. 
* It gets the address of the ports checks to see if they are there. 
* Note: If a driver already exists I am not sure how to temporarily remove it. 
* Well we will worry about it later. 
* Warn the use to remove any drivers that are on the ports. 
* Especially the mouse driver. 
* pass the address to the test552 routine. 

\*/ 
int test_mod eO 
{ 

int ij,k; r generic variables */ 
char port1 [1 0], port2[10]; 
int pt1,pt2; r this are the integer port numbers */ 

void test5520; 

printf("WARNING: This program will not work if the ports to be tested\n"); 
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APPLICATION NOTES 

/*\ 

printf(" 
printf(" 

have drivers installed in them. e.g Mouse driver\n"); 
Please remove the drivers before doing this test.\n"); 

while(TRUE) { 
printf("First Port Address (In HEX) > "); 
scanf("%s",port1); 
pt1 = strtol(port1,NULL,16); 
fflush(stdin); 
/*\ 
* Check if this port exists. else loop 

\*/ 
if(check_port(pt1» 

break; 
printf("Error: Port %4xH does not exist. Try again\n",pt1); 

while(TRUE) { 
printf("Second Port Address (In HEX) > "); 
scanf("%s",port2); 
pt2 = strtol(port2,NULL,16); 
fflush(stdin); 
/*\ 
* Check if this port exists. else loop 

\*/ 
if(check_port(pt2» 

break; 
printf("Error: Port %4xH does not exist. Try again\n",pt2); 

/* Test 554 with the two port addresses */ 
test552(pt1,pt2); 

return TRUE; 

* It first generates a random number for the data size to be generated. 
* Then generates a random data whose length is equal to the data size. 
* It puts it out on both the ports and polls for the interrupt to occur. 
* It reads both the ports until all characters are received OR a timeout 
* has occured. It then prints out the error Messages if any. 
* This loop is done for ever. 

\*/ 
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void test552(p1,p2) 
unsigned int p1, p2; 
{ 

int i,j,c,w,n; 
unsigned char outbuf[20), inbuf1 [20), inbuf2[20); 
unsigned char pbuf[200); 
unsigned long timeout, pass; 

APPLICATION NOTES 

printf("ST16C552 External Loop Test Beginning\n") ; 
printf("Testing ports %4x and %4x\n\n", p1, p2) ; 
printf("Programing ports for 56K,8 bit,no paritY,1 stop bit,FIFO trigger level 01\n"); 
printf("This program uses POLLED mode for testing\n'); 
printf("Press Cntrl-C to stop the testing and quit\n"); 
printf("Note: The ports will remain at the above settings after the TEST\n"); 

/* Programming ports for 8 bits, no parity, 56K baud, 
FIFO enabled at level 01 */ 

/* Program first port */ 
printf("Programming port %x4\n",p1); 
iniCuart(p1,_COM_56K_,_COM_NOPARITY _, 

_COM_CHR8_,_COM_STOP1_,TRUE,_COM_FIF01->; 

/* Program Second Port */ 
printf("Programming port %x4\n",p2); 
iniCuart(p2,_ COM_56K_,_ COM_NOPARITY_, 

_COM_CHR8_,_COM_STOP1_,TRUE,_COM]IF01->; 

printf("Starting test\n"); 
for (pass = 1 ; ; pass++) { 

/* generate random size for data */ 
n = randO ; 
n += n» 8; 
n &= OxOf; 

r Make sure we never get a 0 as the random size data */ 
if(n != OxOf) 

n++ ; 

1* generate random data */ 
for (w = 0 ; w < n ; w++) { 

c = randO; 

} 

c += c» 8; 
c &= Oxff; 
c ;= Ox01 ; 1* no NULls allowed */ 
outbuf[w) = c ; 
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APPLICATION NOTES 

outbuf[w] = NULL; 

printf("******** Pass %1 Old Sending %d *********\015", pass, n) ; 

1* Transmitt the data */ 
for (i = 0 ; i < n ; i++ ) { 

outportb(p1, outbuf[i]) ; 
outportb(p2, outbuf[i]) ; 

1* loop waiting for intr pending */ 
for ( i = O;;i++ ) { 

if «-inportb(p1+ISR) & Ox01) && (-inportb(p2+ISR) & Ox01» 
break; 

/* receive data until all has been received OR timeout */ 
timeout = Ox0008F ; 
for (i = j = 0; «i < 20) && U < 20»;) { 

if (inportb(p1 +LSR) & Ox01) inbuf1 [i++] = inportb(p1) ; 
c = randO ; 
c += c» 8 ; 
c &= OxOO1f; 
c++ ; 
for ( ; c != 0; c-) ; 
if (inportb(p2+LSR) & Ox01) inbuf2U++] = inportb(p2) ; 
if (timeout- == 0) break; 

f* If timed out then print message else com parse data */ 
if(timeout == 0 ) 

printf("Timed out on Ports\n"); 
else { 

inbuf1 til = inbuf2Ul = NULL; 
1* compare results */ 
if (strcmp(outbuf, inbuf1) ;; ( i != n» { 

printf("\nError:%04x Sent: ", p2) ; 
for ( w = 0; w < n; w++ ) 

} 

printf(" %02x", outbuf[w]) ; 
printf(,,\n%04x Received:", p1) ; 
for (w = 0; w < i; w++ ) 

printf(" %02x", inbuf1 [w]) ; 
printf("\n") ; 

if (strcmp(outbuf, inbuf2) ;; (j != n » { 
printf(,,\nError:%04x Sent: ", p1); 
for (w = 0; w < n; w++ ) 

printf(" %02x", outbuf[w]) ; 

7-14 

'II 



} 
} 

} 
} 

printf("\n%04x Received:", p2) ; 
for ( w = 0; w < j; w++ ) 

printf(" %02x", inbuf2[wj) ; 
printf("\n") ; 

APPLICATION NOTES 
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I . QUALITY AND RELIABILITY 

1.0 Quality and Reliability information 

The STARTECH semiconductor quality program 
starts with the design of new products. Each design 
circuit performance is verified using simulations over 
voltage and temperature values beyond those of 
specified product operation. 

The design process includes consideration of quality 
issues such as signal levels, power dissipation, noise 
generated from internal clock circuits and testability 
of all device functions. 

The STARTECH semiconductor document control 
department maintains control over all manufacturing 
specifications, lot travelers, procurement specifica­
tions and drawings and test programs. 

D 
SUN 

"Scolty" 
4120 

16 MB 
17M Mono 

D 
SUN 

"Spock" 
4120 

16 MB 
17" Mono 

D Spare Salion 

HP laserjet III 

Sun 
"Kirk" 
4/65 

16"Colu 
32 Mb 

(1 Gb Harddisk) 
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All changes of design are subject to approval by the 
Engineering, Quality and Manufacturing managers. 

ST ARTECH semiconductor performs a thorough in­
ternal product qualification prior to the delivery of any 
new product or enhanced existing products other than 
prototypes/samples. 

1.1 Design Tools 

Schematics entry: 
Logic & Fault simulators: 

Layout Synthesis: 

Layout Editor: 
Layout Verification: 

Silicon Graphics 
'Vulcan" 

16 Mb 
30125 

20"Co10f" 

Versatec 
36"Color 

Plotter 

Silicon Graphics 
"Troy" 
16 Mb 
3D125 

20"Color 

150 Mb Cal. Tape 550 Mb CO-Rom 

View Logic 
Startech Advanced 
Logic simulator 
Goliath (Startech 
Layout synthesis) 
Opal 
Dracula 
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150 samples from three different product lots are 
selected to perform extended temperature operation 
test, 85° CI 85% R.H. I 5.5Vtemperature humidity 
bias. Same samples are used for accelerated burn-in 
and electro-static tests. 

STARTECH semiconductor subcontracts its fabrica­
tion process to ORBIT semiconductor located in 
Sunnyvale, California. Packaging and final testing are 
also subcontracted to other vendors located locally or 
overseas. 

1.2 Determination of the Failure Rate 
In the simplest form, the failure rate prediction at a 
given temperature can be predicted as follows. 

Failure rate= N/DH 

Where: 
N= number of failures 
D= number of devices 
H= number of hours tested 

assuming that semiconductors exhibit a log normal 
distribution. 

Acceleration Factors 
The effects of temperature, voltage, time and other 
related functions are key when predicting life times of 
semiconductor devices. Understanding these effects 
with the use of a more accurate mathematical model, 
provides a better means of evaluating the change in 
reaction rate to changes in temperature. 

Where: 

F(T1, T2)= exp (-Ea/k (1fT1- 1!T2» 

F= Acceleration factor 
T1= Test temperature (" C+273) 
T2= Desired temperature (" C+273) 
k= Boltzman's constant (8.63 E-5eV I K) 
Ea= Thermal activation energy (eV) 

8-4 

INFANT 
MORTALITY 

I 

RANDOM 
FAILURES 

~: 
~ I 

I 

TIME 

WEAROUT 
FAILURE 

The equivalent device hours can be determined at 
temperature T2 can be expressed as: 

EDH (T2) = F (T1, T2) x DH (T1) 
The failure rate at T2 can be expressed as: 

Where: 

Failure rate (T2)= N/EDH (T2) 

N= Number of failures 
EDH= Equivalent device hours 

50% C.L. 
X MEAN 

~ 90% C.L. 
U 

~ 
CI 
gz 
""' 

FAILURE RATE 

c.L. = Confidence Level 



1.3 Activation Energies for Primary Failure 
Mechanisms 

Contamination 
Silicon Defects 
Polarization 
Oxide Breakdown 
Aluminum Migration 
Trapping 

1-1.4eV 
0.5 eV 
1 eV 
0.3eV 
0.5 eV 
1 eV 

1.4 Definition and common test methods 

Accelerated operating life stress 
Accelerated operating life stressing is performed to 
accelerate failure mechanisms, which are thermally 
activated, through the application of extreme tem­
perature and dynamic biasing conditions. The typical 
temperature and voltage conditions used in the stress 
are 125 °Cwith a bias level atthe maximum data sheet 
specifications. 

85 Oct 85 % R.H. 
85 Oct 85 % R.H. is an environmental stress per­
formed at a temperature of 85°C and relative humidity 
of 85%. The test is designed to measure the moisture 
resistance of encapsulated devices. 

Electrostatic discharge testing 
Electrostatic discharge testing is performed to deter­
mine the handling sensitivity of a semiconductor 
device. 

CMOS latch-up test 
CMOS latch-up test is performed to determine the 
sensitivity of a device input to overshoot and under­
shoot signals connected to device inputs. 
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Commercial and I ndustrial Product Flows 

Engineering Study Wafer Incoming Inspection 

Engineering Design Wafer Storage 

Schematics Entry 
2 

Logic Simulation 

Layout Design 

Engineering Layout Check 

GDSII Tape Out 

Mask Shop Lead Frame Inspection 

Mask Inspection Lead Frame Storage 

1 3 
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Wafer Fabrication 

Wafer Probe 

Wafer Saw & Dice 

High MagnificationVisual 

3 ~-----t Die Attach 

Wire Bonding 

Low Magnification Visual 

Mold and cure 

Visual Inspection 

4 
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4 4 
~ 
I 
I 
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Preburn-in Electrical Test 

Electrical Test 

External Visual Inspection 
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Design and Layout Flow 

TARGET 
SPECIFICATION 

I 

CIRCUIT 
DESIGN 

I 

SCHEMATICS ~ 
ENTRY """ 

I I 

H-SPICE SAL 
SIMULATION SIMULATION 

I I 

OPTIMIZATION 

I 

LAYOUT ... .... 
1 1 

DRC ERC 

LVS 

I 

""- CORRECTIONS t-

I 

GDSII 
TAPEOUT 

I 

MASK 
CHECK 
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- TEMPERATURE CYCLE FLOW 
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HIGH TEMPERATURE 
OPERATING LIFE 

2.0 LONG TERM FAILURE RATE SUMMARY 

2.1 Long Term Failure Rate Determination 

A High temperature Operating Life test is used to estimate long term reliability. By operating the devices at 
accelerated temperature and voltage, hundreds of thousands of use hours can be compressed into thousands of 
test hours. The method used to estimate failure rates from stress data is summarized. 

Method: 

Test: 

Conditions: 

Duration: 

Reliability: 

Acceptance criteria: 

MIL-STD-883, method 1 ~OS. 

High Temperature Operating Life Test (HTOL) 

Dynamic Operating Conditions, VCC = S.SO Volts, 1S0° C, Frequency 
= 2 MHz. 

Long term Failure Rate is minimum 168 hours HTOL at 1S0° C 
periodically tested to SOD hours. 

Failure mechanisms common to semiconductor components are accel­
erated by temperature and voltage. In calculating failure rates, though, 
only temperature acceleration is included. 

0/116 

3.0 HIGH TEMPERATURE STORAGE TEST 

The High Temperature Steady State Life test is used to accelerated ionic contamination problems. Static bias 
is used because a constant voltage gradient accelerated diffusion of ionic species. The method used to estimate 
failure rates from stress data is summarized. 

Method: MIL-STD-883, method 1008. 

Conditions: 1000 hrs, unbiased 1S0° C. 

Acceptance criteria: 0/116 

4.0 PACKAGE STRESS TESTS 

Startech Semiconductor Reliability qualifies and continuously monitors the packaging reliability to ensure 
exceptional resistance to environmental stress. Package reliability stress testing and failure rates are summa­
rized. 

8-12 
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Pressure Cooker Test "plastic package only" 

Method: 

Test: 

Conditions: 

Purpose: 

Failure: 

Acceptance criteria: 

JEDEC STD-22, method 102 

Pressure Cooker Test (PCT) 

15 PSIG, 121 0 C, No bias, 168 hrs, 100% RH, 2 ATM. 

The Pressure Cooker Test is a highly accelerated packaging stress test 
used to ensure environmental durability of epoxy packaged parts. 
Passivation cracks, ionic contamination and corrosion susceptibility are 
all accelerated by this stress. 

Any device which fails to meet all data sheet requirements is classified 
as a failure. 

0176 

5.0 Temperature Cycle Test 

Differences in thermal expansion coefficients are accentuated by cycling devices through temperature extremes. 
If the materials do not expand and contact equally, large stresses can develop. 

Test: 

Conditions: 

Temperature: 

Purpose: 

Failure: 

Acceptance criteria: 

Temperature Cycle 

Mll-STD-883C, Method 1010 test stress mechanical integrity by ex­
posing a device to alternating temperature extremes. Weakness and 
thermal expansion mismatches in die interconnections, die attach, and 
wire bonds are often detected with this acceleration test. 

-650 C to +1500 C. 

100 cycles minimum, periodically tested to 1000 cycles 

Any device which fails to meet all data sheet requirements is classified 
as a failure. 

0176 
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6.0 Latch-up Sensitive 

Test: 

Method: 

Conditions: 

Purpose: 

Failure: 

Acceptance criteria: 

6.1 Results: 

ESD AND 
LATCH-UP 

TEST 

Latch-up Sensitivity 

JEDEC-STD-17 

Current Injection = ±200mA Trigger or 2X VCC, Hot Socket = Vcc 0-7 
Volts, Vcc Oscillation at Vcc = 3.5-7.0 Volts at 1 MHz, Temperature = 
25° C. 

The latch-up test isdesigned to test resistance of the devices to extreme 
voltage and current excursions. Latch-up has historically been a 
problem associated with CMOS devices. 

Any device which fails the Latch-up test if Latch-up occurs at less than 
200mA of current. 

0/5 

All products are tested for latch-up during qualification. 

Outputs: 

Inputs: 

All outputs are tested using a hot socket technique where the full voltage 
is applied instantly, on a voltage ramp, where voltage is increased 
slowly. During the hot socket technique, a maximum of 400 mA was 
allowed in order to protect the outputs from overstress. 

All inputs are tested using both the hot socket technique and the voltage 
ramp technique. 

8-14 
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6.2 Conclusion: 

Startech Semiconductor products are very resistant to latch-up. 

7.0 Electrostatic Discharge (ESD) 

Test: 

Conditions: 

Purpose: 

Failure: 

Acceptance criteria: 

7.1 Results: 

Electrostatic Discharge 

MIL-STD-883C, Method 3015 

The ESD test established the sensitive of device to electrostatic 
discharge of the type than can occur during ordinary handling. 

A device fails the ESD stress test is any pin combination defined in 
method 3015 of MIL-STD-883C is damaged after testing with a 2000 
Volts discharge. Data sheet electrical testing is performed to determine 
if a device has been damaged. 

0/3 

All Startech Semiconductor products are tested for resistance to ESD during qualification. All pins pass ESD 
testing at 2000 Volts. 

7.2 Conclusion: 

Startech Semiconductor products are not ESD sensitive per the definition of MIL-STD-883C. 
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____ ORDERING INFORMATION AND PART NUMBERING GUIDE - __ _ 

Prefix Device Suffix - Pin Count Option Code 
ST XX C XXX XX XX XX 

c10mpany ID J 
Part Number 

Temperature -------' 

Package ---------' 

Number of the packaged pins ____ ---I 

Options------------------' 

Temperature Range 
C Commercial 
I Industrial 

M Military 

Package Type 
P Plastic Dip 
C Ceramic 
D Cerdip 

00 C 
_40 0 C 

-55 0 C 

L Leadless Chip Carrier (LCC) 

To 
To 
To 

J Plastic Leaded Chip Carrier (PLCC) 
F Flat Pack(SOIC) 
Q Quad Flat Pack 
G Pin Grid 

+70 0 C 
+85 0 C 

+125 0 C 

T Thin Shrink Small Outline Package (TSSOP) 
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PACKAGE MARKING INFORMATION 
(EXCEPT CLOCK SYNTHESIZERS AND TQFP PACKAGES) 

Prefix Device Suffix 
ST XXC XXX XX 

c~mpany ID I J 
Part Number -' 

Operating Temperature Range 

Package Type ---------> 

Custom Marking 
XXX 

Custom Packaged/Bonded ________ -----' 

DATE CODE AND OPTIONS MARKING 

X 9X XX - XXX 

~:~~s_ion ~ I IU 
week--~ 
Custom (Special parts only) 

"ST16C452" DATE CODE AND OPTIONS MARKING 

x XX 9X XX 

ReVisi_on_ II ----' II ! Product type ~ 
Year 
Week ________ --' 
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________ PACKAGE MARKING INFORMATION _______ _ 
(CLOCK SYNTHESIZERS) 

Prefix Device 
ST XXC XXX 

dompanYIDJ 

Part Number 

DATE CODE AND OPTIONS MARKING 

X 9X XX - XX 

REVISION --.J~I 
YEAR----
WEEK--­
OPTION CODES 

______ 48-TQFP PACKAGE MARKING INFORMATION _____ _ 

Prefix Device 
ST XXC XXX 

dompanYIDJ 

Part Number 

DATE CODE AND OPTIONS MARKING 

xx X 9X XX 

Operating -' 
Temperature Range 
Package ----' 
Revision -----' 
Year ------~ 
Week-------------~ 
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E 
EI 
L 

A 
AI 
A2 
D 
DI 
E 
EI 
L 

TOLERANCE 
(Mil) 

O.200±O.OiO 
0.015 

O.130±O.005 
O.365±O.OOS 

0.300 
O.3iO±O.OlO 
O.250±O.005 
O.125±O.020 

0.100 
O.17±O.02 

TOLERANCE 
(Mil) 

0.200 ±O.OlO 
0.015 

O.130±O.OOS 
O.750±O.OOS 

0.600 
O.31O±O.OlO 
0.250 ±D.OOS 
O.125±O.020 

0.100 
0.17 ±O.02 

D 

" D1 

D 
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"'C 

1+ 
» 
(") 

~ 
9 
z 
G') 

G') 

A 
c 
0 

"1 

m 

O.340±O.OlO 

A 

O.340±O.OlO 

-
A 



~I. ________ ~D~ ________ ~ 

D1 
III 

DIMENSIONS TOLERANCE 
(Mil) 

A O.200±O.OlO 
At 0.015 
A2 O.130±O.005 
D O.750±O.005 
Dl 0,700 
E O.310±O.OIO 
El O.250±O.005 
L O.125±O.020 
e 0.100 
b O.17±O.02 

nn nn 

P 20-DIPPACKAGE 

LJLJ LJLJ 

DIMENSIONS TOLERANCE 
(Mil) 

A 0.200 ±O.OlO 
Al 0.015 
A2 O. i30 ±{l,OOS 
D 1.020 ±O.OOS 
Dl 0.900 
E 0.310 :iO.OlO 
El 0.250 ±D.OOS 
L O.125±O.O20 , 0.100 
b O.17±D.02 

--
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L 
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DIMENSIONS 

A 
Al 
A2 
D 
Dl 
E 
EI 
L 

b 

TOLERANCE 
(Mil) 

0.200±0.01O 
0.015 

0.150±0.005 
1.450 ±a.005 

1.300 
0.610 ±a.OlO 
0.550 ±0.005 
0.125 ±a.020 

0.100 

, .. -

0.17 M.02 
~ 

DIMENSIONS 

A 

TOLERANCE 
(Mil) 

0.200 ±O.010 
0.Q15 

0.150 ±G.OOS 
2.050 M.005 

Al 
A2 
D 
DI 
E 
EI 
L 

1.900 
0.610 ±G.01O 
0.550 ±G.OOS 
0.125M.020 

0.100 
0.17 ±G.02 

D 

D1 

28~ DIP PACKAGE 

A 
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A 
0.640M.OlO .. , 

A 
0.640 ±O.OlO "I 
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C 
:::J 
(!) 

(!) 
z a 
;2 
u « c.. 

, D • 
14 

D1 
"I 

R R R R 
D 8· sOle PACKAGE I" 
-1lJ~b lJ -1lJ T-, 

A2 ,-..w~ 

:~=~ 
II ~ 

6: )b 
Al 

~ ~:r 
A 

DIMENSIONS TOLERANCE 
(Mil) 

A 0.061 :1:0.004 
Al 0.004 -0.010 
A2 0.054 :1:0.002 
D 0.193 :1:0.002 
Dl 0.150 
E 0.236 ±0.008 

EI 0.154 :1:0.002 
L 0.020 :1:0,020 , 0.050 b 0.17 :1:0.02 

I,. D 
III 

D1 
I" III 

RRR RR 
D 14· SOICPACKAGE f' E 

tJ[:J tJ tJ[:J 
-1 ~b -1 r-' 

A2 ,-..llo '" 

*=+ 
II ~ 

6< )~ 

Al ~ ~:r 
A 

DIMENSIONS TOLERANCE 
(Mil) 

A 0.061 ±0.004 
Al 0.004 - 0,010 
A2 0.054 ±0.002 
D 0.340:1:0.002 
Dl 0.300 
E 0.236 ±0.008 
EI 0.154:1:0.002 
L 0.020:1:0.020 , 0.050 b 0.17 ±0.02 
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DIMENSIONS TOLERANCE 
(MiO 

A 0.061 ±O.0D4 
Al 0.004 -0.010 
A2 0.054 ::1;0.002 
D 0.390 :i:O,OO2 
Dl O']SO 
E 0.236 :0.008 
El 0.154 :0.002 
L 0.020 :1:0.020 

0.050 
O.IH:O.02 

, .. 

o 
01 

16- SOICPA(]{AOE 

0 

, .. 01 ., 
RRR RR 

D 2o.SOlCPACKAGE 

tJtJtJ tJtJ 

~I 

A 

." 

1" 
-1 r-- b -1 ~, 

A2 '"'W..., 

~ 
\1 ~ 

r!f )0J 
...j ~T Al 

A 

DIMENSIONS TOLERANC£ 
(Mil) 

A 0.101:1:0.010 
Al 0.006-0.008 
A2 0.092:1:0.005 
D O.504±O,OO5 
Dl OASO 
E OA06%O.OlO 
EI O.289±O.OOS 
L O.020±O.O2O , 0.050 
b 0.17::1:0.02 
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1" 
D 

.. r 

1111 
D1 

"I 

RRR RR 

D 28- sOle PACKAGE r' ~tj~b tj ~~, 

A2 ,..,150..." 

~ 
II ~ 

crl \~ 
Al 

~ ~T 
A 

DIMENSIONS TOLERANCE 
(Mil) 

A 0.101 :t:O.OlO 
Al 0.006 - 0.008 
A2 0.092 :t:O.OO5 
D 0.704 :t:O.OOS 

DI 0.650 

• 0.406:1:0.010 
E1 O.l89:t:O.OOS 
L 0.020 :t:0.0lO , 0.050 b 0.17:t:0.Ol 
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I ... 
D • 
D1 

I'" III 

1 28 
nn nn n 

L 0 P 
L P 
L P 

28·PLCC PACKAGE 

L :::J 
L :::J 

uuu UU 

A2 ,..,120 ,.., 

# II 
~ 

AI --J l-. b --J l-

DIMENSIONS TOLERANCE 
(mil) 

A 0.170±0.005 
AI 0.020 
A2 0.150::1:0.002 
0 0.490::1:0.005 

01 0.454::1:0.002 
E 0.490::1:0.005 

EI 0.454 ::1:0.002 . 0.050::1:0.002 
b O.030±0.005 

1111 
D 

III 

1111 
D1 

.. I 

144 
nn nn n 

L 0 :::J 
L :::J 
L :::J 

44·PLCC PAC1<AGE 

L :::J 
L :::J 

uuu UU 

A2 ,..,120 ,.., 

tt II 
~ 

--J l-. b --J l-AI 

DIMENSIONS TOLERANCE 
(mil) 

A O.l70±O.OO5 
AI 0.020 
A2 0.150::1:0.002 
0 0.690 ::1:0.005 
DI 0.654 ::1:0.002 
E 0.690 ::1:0.005 

EI 0.654 ::1:0.002 . 0.050±O.002 
b 0.030±O.005 
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lOll 
D 

.. I 

D1 
lOll .,1 

,1 68 
nn nn n 

C 0 :::J 
C :::J 
C :::J 

68·PLCC PA,CKAGE E1 E 

C P 
c P 

uuu UU 

A2 ,..,12°~ 

# II ~ 
~ 

T j L, bj L Al 

A 

DIMENSIONS TOLERANCE 
(mil) 

A 0.170:1:0.005 
Al 0.020 
A2 0.150±0.002 
D 0.990±0.00S 

D1 0.954 ±0.002 
E 0.990±0.OO5 

EI 0.954±O.002 , 0.050:1:0.002 b 0.030:1:0.005 

E 
lOll • 

E1 
lOll "I 

erO:: P=l 

H' -0:: 
8· TSSOP PACKAGE 

pc 
0:: P=l 

b :+:-':0:: pc r 

A2 ,..,J50~ 

44 II ~ 
ti( ;(j 

AI 
~ ~:-r 

A 

DIMENSIONS TOLERANCE 
(Mil) 

A 0.0390 ±O.OO4 
AI 0.004±0.()()2 
A2 0.0323 ±O.OO2 
D O.l18±0.002 
D1 
E 0.250 ±0.006 

EI O.l73±0.002 
L 0.020 ±O.O02 , 0.0256 
b O.l7±O.o2 
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DIMENSIONS TOLERANCE 
(mm) 

A 1.20 
Al 0.05-0.10 
A2 1.0:1:05 
D 9.0:1:0.25 

D1 7.0±0.10 
E 9,OO±O.25 

E1 7.0:1:0.10 
L 0.6:1:0.15 

0.5 
0.22+0.05 

DIMENSIONS TOLERANCE 
(nvn) 

A 2.26:1:0.13 
Al 0.23:1:0.07 
A2 2.03 :1:0.06 
o 14.1 :1:0.20 

Dl 10:1:0.10 
E 14.1 :1:0.20 

El 10:1:0.10 
L 0.88::1:0.15 

0.65 
030:1:0.08 

D 

D 
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A2 

# 
Al 

DIMENSIONS TOLERANCE 

A2 

(mm) 
A 1.20 

Al 0.15:1:0.01 
A2 1.0 ±0.05 
D 12.0±0.10 

Dl 10.0±0.10 
E 12.0:1:0.10 

El 10.0±0.10 
L 0.60 ±0.15 

14 

0.50 
0.22 ±0,04 

# 
Al 

DIMENSIONS TOLERANCE 
(mm) 

A 3.04±0.30 
Al 0.30 -0.03 
A2 2.71 ±0.16 
D 23.20 ±0.25 

D3 18.85 
17.20±0.25 

E3 12.35 
L 0.65 - 0.95 

0.65 
0.22-0.38 

D 

A 

A 
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North American Representatives 

ALABAMA SOUTHERN CALIFORNIA IDAHO MAINE 

Bits, Inc. Infinity Sales Call EXAR Corporation - AID Sales 
One MecaWay 6540 Lusk Blvd., Suite C256 South Central 1057 East Street 
Norcross, GA 30093 San Diego, CA 92121 (214) 235-2699 Tewksbury, MA 01876 
(770) 564-5599 (619) 535-9300 (508) 851-5400 
FAX (770) 564-5588 FAX (619) 550-3707 ILLINOIS FAX (508) 851-5555 

See EXAR Corporation -
ALASKA COLORADO North Central MARYLAND 

Call EXAR San Jose Spectrum Marketing (708) 705-3832 Chesapeake Technology, Inc. 
(408) 434-6400 2211 W. 27th Ave. 14808 Fothergil ct. 

Denver, CO 80211 INDIANA (XR) Burtonsville, MD 20866 

ARIZONA (303) 480-9991 
Schillinger Associates, Inc. 

(301 ) 236-0530 

System Sales Of Arizona 
FAX(303) 455-5303 

2297 E. Boulevard 
FAX (301) 384-9596 

540 West Iron, Suite #106 Kokomo, IN 46902 
Mesa, AZ 85210 CONNECTICUT (317) 457-7241 MASSACHUSSETTS 

(602) 464-9989 AID Sales FAX (317) 457-7732 AID Sales 
FAX (602) 464-9701 1 057 East Street 1057 East Street 

Tewksbury, MA 01876 IOWA Tewksbury, MA 01876 

ARKANSAS (508) 851-5400 
GM Brown, Inc. 

(508) 851-5400 

Array tech Sales 
FAX (508) 851-5555 

2407 Buckingham Dr. NW 
FAX (508) 851-5555 

14275 Midway Rd. Suite 311 
Suite 220 DELAWARE Cedar Rapids, IA 52405 MICHIGAN 

Dallas, TX 75244 Chesapeake Technology, Inc. (319) 390-3003 JMJ Associates 
(214) 392-1199 14808 Fothergil Ct. FAX (319) 396-3859 5075 Cascade Rd. S.E. 
FAX (214) 392-1399 Burtonsville, MD 20866 Grand Rapids, MI 49546 

(301) 236-0530 KANSAS (616) 285-8887 

NORTHERN CALIFORNIA FAX (301) 384-9596 
DLE Electronics 

FAX (616) 285-7633 

Pro Associates 6572 East Central 
890 Saratoga Ave. FLORIDA Suite 103 MINNESOTA 

San Jose, CA 95129 SEC Witch ita, KS 67206 Customer 1 st 
(408) 248-5300 600 S. Northlake Dr. (316) 683-6400 2950 Metro Drive, Suite 110 
FAX (408) 244-7939 Suite 230 FAX (316) 683-9367 Bloomington, MN 55425 

Altamonte Springs, FL 32701 (612) 851-7909 

SOUTHERN CALIFORNIA (407) 830-8444 KENTUCKY FAX (612) 851-7907 

Infinity Sales 
FAX (407) 830-8684 

Bits, Inc. 
20 Corporate Park, Suite 100 One MecaWay MISSISSIPPI 

SEC 
Irvine, CA 92714 4701 N. Federal Hwy. Norcross, GA 30093 Bits, Inc. 
(714) 833-0300 Suite 430, Box #B-11 (770) 564-5599 One Meca Way 
FAX (714) 833-0303 Lighthouse Point, FL 33064 FAX (770) 564-5588 Norcross, GA 30093 

(305) 783-6900 (770) 564-5599 
Infinity Sales 

FAX (305) 782-7274 LOUISIANA FAX (770) 564-5588 .. 26560 West Agoura Rd. 
Suite 203 

Call EXAR Corporation -

GEORGIA South Central MISSOURI 
Calabasas, CA 91302 
(818) 880-6480 Bits, Inc. (214) 235-2699 G.M. Brown, Inc. 

FAX (818) 880-1922 One Meca Way 2615B North Highway 67 

Norcross, GA 30093 
Florissant,' MO 63033 

(770) 564-5599 
(314) 839-3600 

FAX (770) 564-5588 FAX (314) 839-3601 
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North American Representatives 

MONTANA NEW YORK (UPSTATE) OKLAHOMA TEXAS 

See EXAR Corporation - Quality Components Arraytech Sales Arraytech Sales 
South Central 500 Helendale Rd., Suite 125 14275 Midway Rd. 14275 Midway Rd. 
(214) 235-2699 Rochester, NY 14609 Suite 220 Suite 220 

(716) 288-3420 Dallas, TX 75244 Dallas, TX 75244 

NEBRASKA FAX (716) 288-3484 (214) 392-1199 (214) 392-1199 

DLE Electronics 
FAX (214) 392-1399 FAX (214) 392-1399 

6572 East Central NEW YORK CITY 

Suite 103 See EXAR Corporation - OREGON UTAH 

Witch ita, KS 67206 Northeast Sales Tech Assoc. Spectrum Marketing 
(316) 683-6400 (508) 624-4400 14105 Taylor Crest Lane 2211 W. 27th Ave. 
FAX (316) 683-9367 Lake Oswego, OR 97035 Denver, CO 80211 

NORTH CAROLINA (503) 636-9559 (303) 480-9991 

NEVADA Bits,lnc. 
FAX (503) 636-1694 FAX(303) 455-5303 

Call EXAR San Jose One Meca Way 
(408) 434-6400 Norcross, GA 30093 PENNSYLVANIA VERMONT 

(770) 564-5599 C.M.S. Sales & M~.rketing AID Sales 

NEW HAMPSHIRE FAX (770) 564-5588 527 Plymouth Rd., Suite 240 1057 East Street 

Bits, Inc. 
Plymouth Meeting, PA 19462 Tewksbury, MA 01876 

One MecaWay NORTH DAKOTA (610) 834-6840 (508) 851-5400 

Norcross, GA 30093 Customer 1 st 
FAX (610) 834-6848 FAX (508) 851-5555 

(770) 564-5599 2950 Metro Drive, Suite 110 
FAX (770) 564-5588 Bloomington, MN 55425 RHODE ISLAND VIRGINIA 

(612) 851-7909 AID Sales Chesapeake Technology, Inc. 

NEW JERSEY FAX (612) 851-7907 1057 East Street 12616 Easthampton Dr. 

Comp Tech Sales 
Tewksbury, MA 01876 Midlothian, VA 23113 

232 Boulevard, Suite 11 OHIO (508) 851-5400 (804) 379-1816 

Hasbrouck Heights, NJ Millenium 
FAX (508) 851-5555 FAX (804) 379-3474 

07604-1902 6631 Commerce Parkway 
(201) 288-7400 Suite K SOUTH DAKOTA WASHINGTON 

FAX (201) 288-7583 Dublin, OH 43017 Customer 1 st Sales Tech Assoc. 
(614) 793-9545 2950 Metro Drive, Suite 110 8275 166th Ave. N.E. 

NEW MEXICO FAX (614) 793-0256 Bloomington, MN 55425 Suite 101, POB407 

System Sales Of Arizona 
(612) 851-7909 Redmond, WA 98073-0407 

Millenium FAX (612) 851-7907 (206) 869-5412 
2403 San Mateo, NE 6519 Wilson Mills Rd. FAX (206) 883-8322 
Suite W-5 Mayfield Village, OH 44143 
Albuquerque, NM 87110 (216) 461-3500 

TENNESSEE 

(505) 889-2901 FAX (216) 461-1335 Bits, Inc. WASHINGTON D.C. 

FAX (505) 889-2749 One Meca Way Chesapeake Technology, Inc. 

Millenium Norcross, GA 30093 14808 Fothergil Ct. 

NEW YORK (UPSTATE) 3165 Linwood Rd. (770) 564-5599 Burtonsville, MD 20866 

Quality Components Cincinnati, OH 45208 FAX (770) 564-5588 (301) 236-0530 

116 E. Fayette Street (513) 871-2424 FAX (301) 384-9596 

Manlius, NY 13104 FAX (513) 871-2524 

(315) 682-8885 WEST VIRGI~IA 

FAX (315) 682-2277 See EXAR Corporation -
Mid-Atlantic & Southeast 
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North American Representatives 

WISCONSIN (SOUTHEAST) 

See EXAR Corporation -
North Central 
(708) 705-3832 

WISCONSIN (WEST) 

Customer 1 st 
2950 Metro Drive, Suite 110 
Bloomington, MN 55425 
(612) 851-7909 
FAX (612) 851-7907 

WYOMING 

Spectrum Marketing 
2211 W. 27th Ave. 
Denver, CO 80211 
(303) 480-9991 
FAX(303) 455-5303 

CANADA 

Clark-Hurman Associates 
308 Palladium Dr., Suite 200 
Kanata, Ontario 
K2V 1A1 Canada 
(613) 599-5626 
FAX (613) 599-5707 

Clark-Hurman Associates 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
H9R 2V4 Canada 
(514) 426-0453/0454 
FAX (514) 426-0455 

Clark-Hurman Associates 
20 Regan Road, Unit #14 
Brampton, Ontario 
L7A 1C3 Canada 
(905) 840-6066 
FAX (905) 840-6091 

PUERTO RICO 

SEC 
600 S. Northlake Dr. 
Suite 230 
Altamonte Springs, FL 32701 
(407) 830-8444 
FAX (407) 830-8684 

SEC 
4701 N. Federal Hwy. 
Suite 430, Box #B-11 
Lighthouse Point, FL 33064 
(305) 783-6900 
FAX (305) 782-7274 
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North American Distributors 

ALABAMA 

Bell Industries 
555 S. Parkman Dr. 
Suite 6000 
Huntsville, AL 35816 
(205) 430-3150 

Future Electronics 
4835 University Dr., Suite 12 
Huntsville, AL 35816 
(205) 830-2322 

Milgray Elect., Inc. 
5021 Bradford Dr., Suite 202 
Huntsville, AL 35805 
(205) 722-9709 

Nu Horizons 
4835 University Square 
Suite 10 
Huntsville, AL 35816 
(205) 722-9330 

ALASKA 

Call EXAR San Jose 
(408) 434-6400 

ARIZONA 

A.V.ED. 
7741 E. Gray Rd. 
Scottsdale, AZ 85260 
(602) 951-9788 

Bell Industries 
140 S. Lindon Lane #102 
Tempe, AZ 85281 
(602) 905-2355 

Future Electronics 
4636 E. University #245 
Phoenix, AZ 85034 
(602) 968-7140 

Sterling Electronics 
3312 East Broadway Road 
Phoenix, AZ 85040 
(602) 437-5565 

CALIFORNIA (NORTHERN) 

A.V.E.D. 
1545 E. Acequia, Suite A 
Visalia, CA 93291 
(209) 734-8865 

Bell Microproducts 
1941 Ringwood Ave. 
San Jose, CA 95131 
(408) 451-9400 

Bell Industries 
1161 N. Fairoaks Ave 
Sunnyvale, CA 94086 
(408) 734-8570 

Bell Industries 
4311 Anthony Ct., Suite 100 
Rocklin, CA 95677 
(916) 652-0418 

Future Electronics 
2220 OToole Ave 
San Jose, CA 95131 
(408) 434-1122 

Future Electronics 
755 N. Sunrise, Suite 135 
Roseville, CA 95678 
(916) 783-7882 

Jaco Electronics, Inc. 
1610-A Berryessa Rd. 
San Jose, CA 95133 
(408) 928-1600 

Milgray Elect., Inc. 
2860 Zanker Rd., Suite 209 
San Jose, CA 95134 
(408) 456-0900 
(800) 442-0946 

Nu Horizons 
2070 Ringwood Ave. 
San Jose, CA 95131 
(408) 434-0800 

Sterling Electronics 
2159 Bering Drive 
San Jose, CA 95131 
(408) 435-0835 

CALIFORNIA (SOUTHERN) 

A.V.E.D. 
14192 Chambers Rd. 
Tustin, CA 92680 
(714) 573-5000 

A.V.E.D. 
5752 Obelin Dr. Suite 105 
San Diego, CA 92121 
(619) 558-8890 

Bell Microproducts 
30 Fairbanks 
Suite 114 
Irvine, CA 92718 
(714) 470-2900 

Bell Industries 
220 Technology Dr., Suite 100 
Irvine, CA 92718 
(714) 727-4500 

Bell Industries 
11812 San Vincente Blvd., 
#300 
Los Angeles, CA 90049 
(310) 826-2355 

Bell Industries 
5520 Ruffin Rd., Suite 103 
San Diego, CA 92123 
(619) 576-3290 

Bell Industries 
30101 Agoura Ct., Suite 118 
Agoura Hills, CA 91301 
(818) 865-7900 

Future Electronics 
27489 West Agoura Rd. 
Agoura Hills, CA 92122 
(818) 865-0040 

Future Electronics 
1692 Browning Ave. 
Irvine, CA 92714 
(714) 250-4141 

Jaco Electronics, Inc. 
2282 Townsgate Rd. 
Westlake Village, CA 91361 
(805) 495-9998 
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CALIFORNIA 
(SOUTHERN CONT'D) 

Jaco Electronics, Inc. 
1541 Parkway Loop #A 
Tustin, CA 92680 
(714) 258-9003 

Jan Devices 
6925 Canby, Bldg. 109 
Reseda, CA 91335 
(818) 708-1100 

Milgray Elect., Inc. 
25 Maunchly, Suite 329 
Irvine, CA 92718-2329 
(714) 753-1282 
(800) 468-9277 

Milgray Elect., Inc. 
6835 Flanders Ave., Suite 300 
San Diego, CA 92121 
(619) 457-7545 

Milgray Elect., Inc. 
275 Hillcrest Dr., Suite 145 
Thousand Oaks, CA 91360 
(805) 371-9399 
(800) 635-7812 

Sterling Electronics 
9340 Hazard Way, Suite 3A 
San Diego, CA 92123 
(619) 560-8097 

Sterling Electronics 
31200 Via Colinas, Suite 110 
Westlake, CA 91362 
(818) 865-2333 

Sterling Electronics 
15215 Alton Pkwy., Suite 100 
Irvine, CA 92718 
(714) 453-7660 



North American Distributors 

COLORADO CONNECTICUT (CONT'D) FLORIDA (CONT'D) ILLINOIS 

A.V.E.D. Sterling Electronics Nu Horizons Bell Industries 
4090 Youngfield St 39 Capital Drive 3421 N.w. 55th Street 870 Cambridge Drive 
Wheatridge, CO 80083 Wallingford, CT 06492 Ft. Lauderdale, FL 33309 Elk Grove Village, IL 60007 
(303) 422-1701 (203) 265-9535 (305) 735-2555 (708) 640-1910 

Bell Industries DELAWARE Nu Horizons Future Electronics 
1873 S. Bellaire Ave. 600 S. North Lake Blvd. 3150 W. Higgins Rd. 
Suite 100 See Pennsylvania Suite 270 Suite 160 
Denver, CO 80222 Altamonte Springs, FL 32701 Hoffman Estates, IL 60195 
(303) 691-9270 FLORIDA (407) 831-8008 (708) 882-1255 

Bell Industries 
Future Electronics 650 So. Northlake Blvd. GEORGIA Milgray Elect., Inc. 
12600 West Colfax Ave. Suite 400 1530 E. Dundee Rd. 
Suite B110 Bell Industries Suite 310 Altamonte Springs, FL 32701 3000 Business Park Dr. Lakewood, CO 80215 (407) 339-0078 Norcross, GA 30071 

Palatine, I L 60067-8319 
(303) 232-2008 (708) 202-1900 

Chip Supply 
(404) 466-7167 (800) 322-6271 

Jaco Electronics, Inc. 7725 N. Orange Blossom Trail Future Electronics P.O. Box 471 Orlando, FL 32810-2696 Sterling Electronics 
Erie, CO 80516 (407) 298-7100 

3150 Holcomb Bridge 2050 Algonquin, Suite 608 
Suite 130 (303) 828-3074 
Norcross, GA 30071 

Schaumburg, IL 60173 

Future Electronics (708) 303-9900 
Milgray Elect., Inc. 2200 Tall Pines Dr., Suite 108 

(404) 441-7676 

5650 D T C Pkwy., Suite 202 Largo, FL 34641 Milgray Elect., Inc. INDIANA 
Englewood, CO 80111 (813) 530-1222 3000 Northwoods Pkwy. Bell Industries (303) 721-7702 

Future Electronics 
Suite 115 525 Airport North Office Pk. 

Sterling Electronics 1400 E. Newport Center 
Norcross, GA 30071-1545 Fort Wayne, IN 46825 

101 Invemess Dr. East. Suite 200 
(404) 446-9777 (219) 422-4300 

Suite 140 Deerfield, FL 33442 
(800) 241-5523 

Bell Industries Englewood, CO 80112 (305) 426-4043 Nu Horizons 5230 West 79th (303) 792-3939 
5555 Oakbrook Pkwy. Indianapolis, IN 46268 

Future Electronics 
237 S. Westmonte Dr. 

Suite 370 (317) 875-8200 
CONNECTICUT Norcross, Ga 30093 
Bell Industries Suite 307 

(404) 416-8666 Future Electronics 
1064 East Main Street Altamonte Springs, FL 32701 8425 Woodfield Crossing 

Meriden, CT 6450 (407) 865-7900 Sterling Electronics Suite 175 
(203) 639-6000 

Jaco Electronics, Inc. 
5555 Oakbrook Pkwy. Indianapolis, IN 46240 

9900 W. Sample Rd. 
Suite 350 (317) 469-0447 

Future Electronics Norcross, GA 30093 
700 W. Johnson Ave. Suite 404 

(404) 441 -0449 Milgray Elect., Inc. 
Chesshire, CT 06410 Coral Springs, FL 33065 5226 Elmwood Ave. 

(203) 250-0083 (305) 341-8280 Indianapolis, IN 46203 
IDAHO 

Milgray Elect., Inc. See Washington 
(317) 781'9997 

Milgray Elect., Inc. 
Milford Plains Office Park 755 Rinehart Rd., Suite 100 

Lake Mary, FL 32746 IOWA 
326 W. Main St. 
Milford, CT 06460-0418 (407) 321-2555 See Illinois 

(203) 878-5538 
(800) 922-6911 
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North American Distributors 

KANSAS MARYLAND (CONT'D) MICHIGAN (CONT'D) MONTANA 

Future Electronics Nu Horizons Futllre Electronics Call EXAR San Jose 
8826 Santa Fe Dr., Suite 150 8965 Guilford Rd., Suite 160 35200 Schoolcraft Rd., (408) 434-6400 
Overland Park, KS 66212 Columbia, MD 21046 Suite 106 
(913) 649-1531 (410) 995-6330 Livonia, MI48150 NEBRASKA 

(313) 261-5270 
See Missouri Milgray Elect., Inc. Sterling Electronics 

6400 Glenwood, Suite 313 6304 Woodside Ct., Suite 115 
MINNESOTA 

Overland Park, KS Columbia, MD 21046-1071 NEVADA 

66212-4021 (301) 290-3800 Parts One Electronics 
See California 

(913) 236-8800 1995 West County Road, B-2 
Roseville, MN 55113 (800) 255-6576 MASSACHUSSETTS (800) 247-0867 NEW JERSEY 

Sterling Electronics Bell Industries FAX (612) 633-2310 Bell Industries 

14635 W. 95th 100 Burtt Rd., Suite 106 271 Route 46 West 

Lenexa, KS 66215 Andover, MA 01810 Future Electronics Fairfield, NJ 07004 

(913) 492-5406 (508) 623-3200 10025 Valley View Rd. (201) 227-6060 
Suite 196 

Future Electronics Eden Prairie, MN 55344 Future Electronics 
KENTUCKY 41 Main Street (612) 944-2200 1259 Route 46E 
See Indiana Bolton, MA 01740 Parsippany, NJ 07054 

(508) 779-3000 Jaco Electronics, Ind. (201) 299-0400 

LOUISIANA 10340 Viking Dr., Suite 11 
Jaco Electronics, Inc. Eden Prairie, MN 55344 Future Electronics 

See Texas 1053 East Street (612) 941-2757 12 East Stow Rd, Suite 200 
Tewksbury, MA 01876 (800) 844-5226 Marlton, NJ 08053 

MAINE (508) 640-0010 (609) 596-4080 
See Massachusetts New Horizons Electronics 

Milgray Elect., Inc. Corp. Milgray Elect., Inc. 

MARYLAND 
Ballardvale Park 6955 Washington Ave., S. 3001 Greentree Exec. 
187 Balladvale St. Edina, MN 55439 Campus Suite C 

Bell Industries Wilmington, MA 01887-1046 (612) 942-9030 Marlton, NJ 08053-1551 
8945 Guilford Rd., Suite 130 (508) 657-5900 (609) 983-5010 
Columbia, MD 21046 (800) 648-3595 Sterling Electronics 
(410) 290-5100 5000 W. 78th Street Milgray Elect., Inc. 

Nu Horizons Minneapolis, MN 55435 3799 Rt. 46 East, Suite 303 
Future Electronics 19 Corporate PI. (612) 831-2666 Parsippany, NJ 07054-1273 
6716 Alexander Bell Dr. 107 Audubon Rd., Bldg. 1 (201) 335-1766 
Suite 101 Wakefield, MA 01880 (800) 622-0291 MISSISSIPPI Columbia, MD 21046 (617) 246-4442 
(410) 290-0600 See Georgia Nu Horizons 

Sterling Electronics 18000 Horizon Way, Suite 200 
Jaco Electronics, Inc. 15 D Constitution Way MISSOURI Mt. Laurel, NJ 08054 
Rivers Center Wobum, MA 01808 Future Electronics (609) 231-0900 
10270 Old Columbia Rd. (617) 938-6200 12125 Woodcrest, Executive 
Columbia, MD 21046 

Dr. Suite 220 Nu Horizons 
(410) 995-6620 

MICHIGAN St. Louis, MO 63141 39 US Route 46 

Future Electronics (314) 469-6805 Pine Brook, NJ 07058 
Milgray Elect., Inc. (201) 882-8300 
6460 Dobbin Rd., Suite 4505 Broadmoor S.E. 

Colurnbia, MD 21045-5813 Grand Rapids, MI49512 

(410) 730-6119/800-638-6656 (616) 698-6800 
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North American Distributors 

NEW JERSEY (CONT'D) NEW YORK (CONT'D) OHIO (CONT'D) OREGON (CONT'D) 

Sterling Electronics Nu Horizons Future Electronics Milgray Elect., Inc. 
16000 Horizon Way, Suite 800 333 Metro Park 6009-E Landerhaven Dr. 8705 S.W. Nimbus Ave. 
Mt. Laurel, NJ 08054 Rochester, NY 14623 Mayfield Heights, OH 44124 Suite 260 
(609) 273-6420 (716) 292-0777 (216) 449-6996 Beaverton, OR 97008 

(503) 626-4040 
Sterling Electronics Nu Horizons Future Electronics 
85 Campus Plaza Drive 6000 New Horizons Blvd. 1430 Oak Court, Suite 303 Sterling Electronics 
Edison, NJ 08837 Amityville, NY 11701 Beavercreek, OH 45430 6160 Southwest Arctic Dr. 
(908) 417-1000 (516) 226-6000 (513) 426-0900 Beaverton, OR 97005 

(503) 643-9090 

NEW MEXICO NORTH CAROLINA Milgray Elect., Inc. 

Sterling Electronics Future Electronics 
6155 Rockside Rd., Suite 206 

PENNSYLVANIA 
Cleveland, OH 44131-2289 

3540-0 Pan American Fwy, 5225 Capital Blvd. (216) 447-1520 Bell Industries 
NE 1 North Commerce Center 158 Gaither Dr., Suite 110 
Albuquerque, NM 87107 Raleigh, NC 27604 Nu Horizons Mt. Laurel, NJ 08054 
(505) 884-1900 (919) 790-7111 6200 Som Center Rd. (609) 439-8860 

Suite A-15 

NEW YORK 
Future Electronics Solon, OH 44139 RHODE ISLAND 

Future Electronics 
8401 University Exec. Park (216) 349-2008 See Massachusetts Suite 108 

200 Salina Meadow Pkwy. Charlotte, NC 28262 Sterling Electronics Suite 130 (704) 547-1107 6557 Cochran Rd SOUTH CAROLINA 
Syracuse, NY 13212 

Solon, OH 44122 See North Carolina 
(315) 451-2371 Jaco Electronics, Inc. (216) 248-1122 

Future Electronics 
5206 Greens Dairy Rd 

TEXAS 
Raleigh, NC 27604 

300 Linden Oaks (919) 876-7767 OKLAHOMA Bell Industries 
Rochester, NY 14625 Sterling Electronics 1701 Greensville, #306 
(716) 387-9550 Milgray Elect., Inc. 5119 S. 110 TH East Ave. Richardson, TX 75081 

2925 Huntieigh Dr., Suite 101 Tulsa, Ok 74146 (214) 690-9096 
Future Electronics Raleigh, NC 27604-3374 (918) 663-2410 
801 Motor Parkway (919) 790-8094 Future Electronics 
Hauppauge, NY 11788 

OREGON 
9020 II Capital TX Hwy N. 

(516) 234-4000 Sterling Electronics Suite 610 

2725 Millbrook Rd., Suite 101 Bell Industries Austin, TX 78759 
Jaco Electronics, Inc. Raleigh, NC 27604 9275 SW. Nimbus Rd (512) 502-0991 
145 Oser Avenue (919) 790-8634 Beaverton, OR 97005 
Hauppauge, NY 11788 (503) 644-3444 Future Electronics 
(516) 273-5500 10333 Richmond Ave. 

OHIO Future Electronics Suite 970 
Milgray Elect., Inc. Bell Industries Cornell Oaks Corp. Ctr. Houston, TX 77042 
77 Schmitt Blvd. 444 Windsor Park Dr. 15236 NW Greenbrier Pkwy. (713) 785-1155 
Farmingdale, NY 11735-1410 Dayton, OH 45459 Beaverton, OR 97006 
(516) 420-9800 (513) 435-5922 (503) 645-9454 Future Electronics 

800 E. Campbell, Suite 130 
Milgray Elect., Inc. Bell Industries Jaco Electronics, Inc. Richardson, TX 75801 
One Corporate Place, 31200 Solon Rd. Unit 11 4900 SW Griffith Dr., Suite 129 (214) 437-2437 
1170 Pittsford-Victor Rd., Solon, OH 44139 Beaverton, OR 97005 
Suite 200 (216) 498-2002 (503) 626-1439 
Pittsford, NY 14534-3807 (800) 245-5226 
(716) 381-9700 
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North American Distributors 

TEXAS (CONT'D) UTAH WASHINGTON (CONT'D) CANADA (CONT'D) 

Jaco Electronics, Inc. A.V.E.D. Jaco Electronics, Inc. Future Electronics 
1209 North Glenville Dr 942 East, 7145 South, 17220 127th Place 5935 Airport Rd., Suite 200 
Richardson, TX 75081 Suite A101 N.E., Suite 300 Mississuga, Ontario 
(214) 234·5565 Midvale, UT 84047 Woodinville, WA 98072 L4V 1W5 

(801) 565·8300 (206) 481·3372 (905) 612·9200 
Jaco Electronics, Inc. (800) 245·5226 
2120 A. BrakerLane Bell Industries Future Electronics 
Austin, TX 78758 6912 S. 185 West, Suite B WEST VIRGINIA 1695 Boundary Rd. 
(512) 835·0220 Midvale, UT 84047 Vancouver 

(801) 561·9691 See Virginia V5K4X7 
Milgray Elect., Inc. (604) 294·1166 
16610 N. Dallas Pkwy Future Electronics WISCONSIN 
Suite 1300 3450 South Highland Dr. Bell Industries Future Electronics 
Dallas, TX 75248·2617 Suite 301 W. 226 N. 900 Eastmound Dr. 1050 Baxter Rd. 
(214) 248·1603 Salt Lake City, UT 84106 Waukesha, WI 53186 Ottawa, Ontario 

(801) 467·4448 (414) 547·8879 K2C3P2 
Milgray Elect., Inc. (613) 820·8313 
11824 Jollyville Rd., Suite 103 Milgray Elect., Inc. Future Electronics 
Austin, TX 78759 310 E. 4500 South, Suite 110 250 N. Patrick Blvd., Suite 170 Future Electronics 
(512) 331·9961 Murray, UT 84107 Brookfield, WI 53045 1000 Ave. St. Jean Baptiste 

(801) 261·2999 (414) 879·0244 Suite 100 
Milgray Elect., Inc. (800) 537·9739 Quebec 
12919 S.W. Freeway 

WYOMING 
G2E 5G5 

Suite 130 Sterling Electronics (418) 877·6666 
Stafford, TX 77477·4113 1615 West 2200 South See Colorado 

(713) 240·5360 Salt Lake City, UT 84119 Future Electronics 
(800) 962·1849 (801) 972·5444 CANADA 106 King Edward St. East 

Future Electronics Winnipeg, Manitoba 
Nu Horizons VERMONT 237 Hymus Blvd R3H ON8 
2081 Hutton Dr., Suite 119 

See Massachusetts Pointe Claire, Quebec (204) 786·7711 
Carrollton, TX 75006 

H9R 5C7 
(214) 488·2255 (514) 694·7710 

Milgray Elect., Inc. 
VIRGINIA 2783 Thamesgate Dr. 

Sterling Electronics Sterling Electronics Future Electronics Mississauga, Ontario 
4201 Southwest Freeway 711 Moorefield Park Dr. #J 4606·97th Street L4T 1G5 
Houston, TX 77027 Richmond, VA 23236 Edmonton, Alberta (416) 678·0958 
(713) 627·9800 (804) 323-5510 T6E 5N9 

(403) 438·2858 
Milgray Elect., Inc. 

Sterling Electronics 
WASHINGTON 

6600 Trans Canada Hwy. 
1210 Champion Circle 

Future Electronics Suite 209 
SuiteA100 Bell Industries 

3833·29th Street NE Pointe Claire, Quebec 
Carrollton, TX 75006 1715114th Ave N.E. #208 H9R4S2 
(214) 243·1600 Bellevue, WA 98004 Calgary, Alberta 

(514) 426·5900 T1Y6B5 (206) 646·8750 
(403) 250·5550 

Sterling Electronics 
11500 Meiric Blvd., Suite 495 Future Electronics 

Austin, TX 78758 19102 North Creek Pkwy. 

(512) 836·1341 Suite 118 
Bothell, WA 98011 
(206) 489·3400 
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International Representatives 

AUSTRALIA 
*Logic 4 Australia Pty Ltd. 
PO Box 52 
Eastwood 
South Australia 5063 
Australia 
61-8-373-2811 
FAX 61-8-373-2286 

Braemac Pty. Ltd. 
Unit 1/59-61 Burrows Rd. 
Alexandria NSW 2015 
Australia 
61-2-5506600 
FAX 61-2-5506377 

AUSTRIA 

Transohm Vertriebs GmbH 
Kolbegasse 68 
A-1232 Wien 
Austria 
43-1-610660 
FAX 43-1-6106614 

BELGIUM 
Nijkerk Elektronika 
Drentestraat 7 
1 083HK Amsterdam 
Holland 
31-20-5-495969 
FAX 31-20-6-423948 

BRAZIL 

Rohm Industria Electronica, 
Ltd 
Rue Alessandro 
Volta, 1104576 
Sao Paulo SP 
Brazil 
55-11-2409211 
FAX 55-11-2413382 

DENMARK 

*E.V. Johanssen Elektronik 
AlS 
Titangade 15 
2200 Copenhagen N. 
Denmark 
45-31-839022 
FAX 45-31-839222 

*Startech Representative 

DENMARK (CONT'D) 
Mer-el AlS 
Ved Klaedebo 18 
DK-2970 Horsholm 
Denmark 
45-42-571000 
FAX 45-42-572299 

FINLAND 

OyTavron 
Takkatie 7A 
ASF-00370 Helsinki 
Finland 
358-0506-2154 
358-0506-2543 

FRANCE 

*3D 
6/8, rue Ambroise Croizat 
91127 
Palaiseau, Cedex 
France 
33-1-6447-2929 
FAX 33-1-6447-0084 

*Microel 
Ave. de la Baltique 
Za de Courtaboeuf B03 
91941 Les Ulis 8edex 
France 
33-1-690-70824 

Rohm Electronics 
24 Rue Saarinen 
Silic 224, F-94528 Rungis 
Cedex 
Paris, France 
33-146759551 
FAX 33-146750047 

Tekelec Airtronic 
5 Rue Carle Vemel 
BP29315 Sevres Cedex 
France 
331-25811190 
FAX 331-25807692 

GERMANY 
*Discomp Elektronik GmbH 
Alte Handels Strasse 56 
D-57493 Attendorn 
Germany 
49-2722-7157 
FAX 49-2722-974197 

*Hy-Line Computer 
Components GmbH 
D-82008 Unterhaching 
Inselkammerstr. 10 
Germany 
49-89-6149010 
FAX 49-89-6140960 

Dacom Elect. Vertriebs GmbH 
Freisinger Strasse 87 
D-85737 
Ismaning-Fischerhaeuser 
Germany 
49-89-9965490 
FAX 49-89-964989 

MEV 
Heinrich-Hasemeier - Str. 26 
49076 Osnabrueck 
Germany 
541-139080 
FAX 541-1390839 

Micronetics 
Dieselstrasse 12 
D-71272 Rennigen 
Germany 
49-07159-925830 
FAX 49-07159-9258355 

Rohrn Electronics GmbH 
Karl-Arnold-StraBe 15 
D-47877 Willich-MOnchheide 
Germany 
49-2154-9210 
FAX 49-2154-921400 

GREECE 

*Drogeta Engineering 
51 Aharnon Strasse 
Athens 10439 
Greece 
FAX 30-1-881 0948 
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HONG KONG/PRC 
*Twin-Star Trading Co., Ltd. 
Rm. 6, 6/F, Blk B1 
Yau Tong Ind. City 
17 Ko Fai Rd. 
Yao Kong 
Kong Hong 
852-3469085 

Rohm Electronics Co. Ltd. 
Room 1205-6, Tower 1, 
Silvercord, 30 Canton Road 
Tsimshatsui 
Kowloon, Hong Kong 
852-2375-6262 
FAX 852-2375-8971 

INDIA 

Samura Electronics PVT., Ltd 
23-122, Plot 189, Bhoodevi 
Nagar 
Secunderabad, A.P. Pin 500 
015 
91-40-862453 
FAX 91-40-862453 

Spectra Innovations Inc. 
708 Montague Expwy, Suite 
280 
San Jose, CA 95131-1316 
U.S.A. 
408-954-8474 
FAX 408-954-8399 

ISRAEL 

Startronics 
7, Derech Hashalom 
Tel Aviv 67892 
Israel 
972-3-260148 
FAX 972-3-6960255 

ITALY 

*Kevin 
20148 Milano 
Via del Gradenigo 
3 Italy 
39-2-4870-6300 
FAX 39-2-4870-6500 

• 



International Representatives 

ITALY (CO NT' D) 

Claitron S. P.A. 
Viale Fulvio Testi 280/B 

1-20126 Milano 
Italy 
39-2661491 
FAX 39-2-66105666 

JAPAN 

lSI 
The Second Precisa Bldg. 3F 
4-8-3 lidabashi 
Chiyoda-Ku, Toyko 102 
Japan 
81-3-32643301 
FAX 81-3-32643419 

Tokyo Electron Ltd. 
TBS Broadcasting Center 
3-6 Akaska 5-Chome, 
Minato-Ku 
Tokyo 107 
Japan 
81-3-5561-7228 
FAX 81-3-5561-7391 

Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3-2-12 Hongo, Bunkyo-Ku 
Tokyo, Japan 113 
81-3-3814-1416 
FAX 81-3-3814-1414 

KOREA 

HB Corp. 
3rd Floor Tae Jeong Bldg. 
420-16 Dokok Dong, 
Kangnam-Ku 
Seoul 135-270 
Korea 
82-2-579-5577 
FAX 82-2-579-6919 

MALAYSIA 

Exer Technologies SON. BHD 
33-3-3 Halaman York 
Georgetown, 10450 Penang 
Malaysia 
604-228-9130 
FAX 604-228-9131 

*Startech Representative 

THE NETHERLANDS 

Nijkerk Elektronika 
Drentestraat 7 
NL-1 083HK Amsterdam 
Holland 
31-20-5495969 
FAX 31-20-6423948 

NORWAY 

*Hans H. Schive A.S. 
Undelstadlia 27 
P.O. Box 10 
N-1371 Asker 
Norway 
47-6690-0900 
FAX 47-6690-4484 

Berendsen 
P.O. Box 9376 - Gronland 
N-0135 Oslo 
Norway 
47-22676800 
FAX 47-22677380 

PORTUGAL 

*Matrix Electronica, S.L. 
Belmonte De Tajo, 76-3B 
28019 Madrid 
Spain 
34-1-56022737 
FAX 34-1-5652865 

Niposom J. Nabais LOA 
Rua Humberto Cruz, 4 
1900 Lisboa 
Portugal 
351-1-896610 
FAX 351-1-809517 

SINGAPORE 
Exer Technologies Pte., Ltd. 
629 Aljunied Road #03-20 
Cititech Industrial Bldg. 
Singapore 1438 
65-741-4655 
FAX 65-741-2971 

SPAIN 

*Matrix Electronica, S.l. 
Belmonte De Tajo, 76-3B 
28019 Madrid 
Spain 

SPAIN (CONT'D) 

34-1-56022737 
FAX 34-1-5652865 

Unitronics, SA 
Plaza Espana, 18 
28008 Madrid 
Spain 
34-1-542-5204 
FAX 34-1-548-4228 

SOUTH AFRICA 

Fairmont 
295 Kent Ave. 
Femdale, Randburg 2125 
South Africa 
27-11-8862920 
FAX 27-11-8862929 

SOUTH AMERICA 

Intectra, Inc. 
2629 Terminal Blvd. 
Mountain View, CA 94043 
U.S.A. 
415-967-8818 
FAX 415-967-8836 

SWEDEN 

*Bexab Technology 
Keinest Vagen 10 
S-183, 25 Taeby 
Sweden 
46-8-630-8810 
FAX 46-8-732-7058 

Setron 
Grimstadatan 160 
8-16211 Viillingby 
Sweden 
46-8-759-3570 
FAX 46-8-739-8580 

SWITZERLAND 

Anatec A.G. 
Sumpfstrasse 7 
CH-6300 Zug 
Switzerland 
41-42-412441 
FAX 41-42-413124 
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TAIWAN 

* Jatron Electronics, Inc. 
4F, 120, Ning-Po W. St. 
Taipei 10723 
Taiwan R.O.C. 
886-2-3070152 
FAX 886-2-3055629 

Helm Engineering & Trading 
4f, 658, Tun Hua S. Rd., Sec. 2 
Taipei 
Taiwan R.O.C. 
886-2-709-1888 
FAX 886-2-706-0465 

Marrow Electronics Corp. 
10F-3, No. 510 
Chung-Hsiao 
E. Rd., Sec. 5 
Taipei, Taiwan 
886-2-728-3005 
FAX 886-2-728-2131 

TURKEY 
Inter Muh.Dan.Vetic A.S. 
Hasircibasi Cad No.55 
81310 Kadikoy 
Istanbul 
Turkey 
90-1-3499400 
FAX 90-1-3499431 

UNITED KINGDOM 

*2001 Electronic Components 
Woolners Way 
Stevenage 
Hertfordshire SG1 3AJ 
United Kingdom 
44-1438-742001 
FAX 44-1438-742002 

Sabre Advanced Microelect. 
Ltd. 
Mead House 
London Road 
Bentley, Farnham 
Surrey GU10 5LP 
United Kingdom 
44-0420-22004 
FAX 44-4202-2008 
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STARTECH 
an ~ EXAR company 

STARTECH Semiconductor Inc. 
1219 Bordeaux Drive 
Sunnyvale, CA 94089 
(408) 745-0801 , Fax (408) 745-1267 
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EXAR Corporation 
2222 Qume Drive, P.O. Box 49007 
San Jose, CA 95161-9007 
(408) 434-6400, Fax (408) 943-8245 
Worldwide Web Site: http://www.exar.com 
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of EXAR Corporation. 
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