






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The ASCII to 5 x 7 dot matrix decoder used by the programs
in Figures 6, 7, and 8 is located within the microprocessor
program. This decoder requires 640 bytes of storage to

OBJECT
decode the 128 chgracter ASCII set. The de(?oder used by LOC  CODE SOURCE STATEMENTS
these controllers is formatted so that the first 128 bytes
; ; . ; 0004 RDVR  EQU  0004H
contain co!umn 1 vpformatlon. the next 128 pytes contalhn 0005 CDVR EQU 000SH
column 2 information, etc. Each byte of this decoder is E500 DECDR  EQU 0ESO00H
formatted such that Ds through Do contain Row 7 through ORG  OEQOOH
Row 1 display data respectively. The data is coded so that a E000 05 EO POINT  DW BUFFR
HIGH bit will turn the corresponding 5 x 7 display dot ON. E002 FE . COLMN DB OFEH
: . - h E003 FF FF CQUNT DW OFFFFH
This decoder table is shown in Figure 9. The resulting 5 x 7 E005 00 BUFFR DS 160
dot matrix display font is shown in the HDSP-2471 data X
heet ORG  OEOASH
sheet. EOAS A7 EO AsCII DW DATA
EOA7 00 DATA DS 32
ORG  OE400H
DECODED DATA CONTROLLER E400 F5 RFRSH PUSH  PSW
E401 CS PUSH B
The DECODED DATA CONTROLLER circuit schematic g:gg Ei 00 E0 {l}lli*l*) gom'r
fgr a 3? character display is depicted in Figure 10. The E406 06 20 MVI B, 32
circuit is specifically designed for interface to an 8080A E408 3E FF MVI A, OFFH
. s mirenit | : E40A D3 05 OUT  CDVR
miicroprocessor. This circuit is desulgned to accept and F40C 7TE LOOP MOV AM
store in local memory all of the display data for a 32 E40D D3 04 ouT RDVR
character HDSP-2000 display (1120 bits). The micro- Lok 2 o
processor loads 160 bytes of display data into the two 1K x E411 C2 0C E4 INZ LOOP
1 RAM's via the 74165 parallel in, serial out shift register. E4l4 3A 02 EO LDA  COLMN
Each b fd P . giste E417 D3 05 OUT  CDVR
ach byte of data represents one column of display data. E419 FE EF CPI OEFH
The counter string automatically generates the proper E41B CA 28 E4 iz FIRST
; ) : E41E 22 00 EO SHLD  POINT
address location for each serial bit of data after E431 07 RLC
initialization by MEM W, the character address, and the - E422 32 02 EO STA COLMN
desired column. Once the loadi is lete, th Eals O3 3A B4 jup EnD
- ading Is complete, the E428 21 05 EO FIRST  LXI H, BUFFR
counter sequentially loads and displays each column (224 Ezgg gé g% E0 SHLD  POINT
: . MVI A, OFEH
p.lts') of data .at a QOHg rate (2MHz 'unput clock rate). The E430 32 02 EO STA  COLMN
timing for this circuit is shown in Figure 11. The software E433 2A 03 EO LHLD COUNT
; P ; E436 2B DCX H
rgqunred to dgcodea32characterASCIIstrmg isshownin E437 22 03 EO SHLD  COUNT
Figure 12. This program decodes the 32 ASCII characters E43A El END POP H
into 160 bytes of display data which are then stored in the E:Zgg g{ :g: gsw
controller. The program requires about 6.6ms, for a 2MHz E43D C9 RET
clock, to decode and load the message into the DECODED
© ) 9 E43E 11 24 EO LOAD  LXI D, BUFFR+31
DATA CONTROLLER. This program also uses the same E441 OE 20 MVI C,32
decoder table as shown in Figure 9. E443 2A A5 EO LOOPI  LHLD  ASCI
E446 TE MOV AM
E447 23 INX H
E448 22 AS EO SHLD  ASCH
E44B 26 ES MVI H, DECDR/256
E44D 6F MOV LA
E44E 06 05 MVI B,S
E450 7E LOOP2 MOV  AM
E451 12 " STAX D
E452 7D MOV AL
E453 C6 80 ADI 80H
E455 6F MOV  L.A
E456 D2 5A E4 INC LOOP3
E459 24 INR H
E45A 7B LOOP3 MOV  A,E
E45B C6 20 ADI 32
E45D SF MOV  E,A
E45E 05 DCR B
E45F C2 50 E4 INZ LOOP2
E462 7B MOV  AE
E463 C6 SF ADI SFH
E465 SF MOV  E,A
E466 0D DCR C
E467 C2 43 E4 INZ LOOP1
E46A C9 RET

)
=
1=
=
<z
o
=
a
a
=3

Figure 7. 8080A Microprocessor Program Utilizing a 160 Byte
RAM Buffer that Interfaces to the REFRESH CONTROLLER
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l DE<«-BUFFER +31

LOAD DE WITH.ADDRESS FOR COLUMN 1 RIGHTMOST

| STORE MACHINE STATUS ON STACK
CHARACTER INDECODED DATA RAM

o]
)

A=-(ASCII)
CDVR=FFy
TURN OFF COLUMN DRIVERS l READ ASCIH SYMBOL INTO A

ASCIl=ASCH + 1
UPDATE ASCH WITH ADDRESS OF NEXT SYMBOL TO RIGHT
RDVR-=-(POINT)

STORE BYTE OF DECODED DATA IN 74165 l

1 HL<-DECDR
LOADL HL WITH ADDRESS OF DECODER ROM

POINT=«POINT + 1
UPDATE POINT WITH ADDRESS OF NEXT BYTE

A=(HL+A)
READ BYTE OF DECODED DATA FROM DECODER

(DE)=-A
STORE BYTE OF DECODED DATA IN DECODED DATA RAM

(LOOP)

CDVR<-COLMN ) t
TURN ON APPROPRIATE COLUMN DRIVER

HL=—HL + 80y
UPDATE HL WITH ADDRESS OF NEXT COLUMN IN DECODER

JusT

REFRESHED YES

FiReT DE < DE +32
COLUMN 52 ( ) UPDATE DE WITH ADDRESS OF NEXT COLUMN IN DECODED
DATA RAM
COLMN <2 COLMN + 1
UPDATE COLMN FOR NEXT REFRESH CYCLE
NO
POINT<BUFFER
UPDATE POINT WITH ADDRESS (LooP 2}
OF COLUMN 1 IN DECODED
DATA RAM —
DE< DE - 161
l UPDATE DE WITH ADDRESS FOR COLUMN 1 OF CHARACTER IN
DECODED DATA ROM IMMEDIATELY TO LEFT OF
COLMN=-FEy PRECEEDING CHAR.
UPDATE COLMN TO TURN
ON COLUMN 1
COUNT=-COUNT - 1
OPTIONAL 2 ms TIMER NO
(LoOP 1)

(END)

RESTORE MACHINE
STATUS FROM STACK

RETURN

YES
RETURN

Figure 7. 8080A Microprocessor Program Utilizing a 160 Byte RAM Buffer that Interfaces to the REFRESH CONTROLLER (cont.)
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OBJECT
LOC CODE SOURCE STATEMENTS @

0004 RDVR EQU 0004H

0005 CDVR EQU 0005H I STORE MACHINE I
ES00 DECDR  EQU OES00H < :TATUS onsTAcK

ORG  OEOOOH PY Sy
E000 07 EO ASCIl Dw DATA LOAD DE WITH ADDRESS NEXT COLUMN TO BE DECODED
E002 FE COLMN DB OFEH N DECODER ROM
E003 FF FF COUNT DW OFFFFH
E005 00 ES BASE DW DECDR ]
E007 00 DATA DS 32
HL-=-ASCII + 31
ORG OE400H LOAD HL WITH ADDRESS OF RIGHTMOST ASCII SYMBOL
E400 FS5 RFRSH PUSH  PSW
E401 CS5 PUSH B
E402 D5 PUSH D
E403 ES PUSH H
E404 2A 05 EO LHLD  BASE
E407 EB XCHG
E408 2A 00 EO LHLD  ASCII l COVR=-TTH I
Ty a0 o 255 TURN OFF COLUMN DRIVERS
E40E 09 DAD B I
E40F 43 MOV  B,E '
E410 OE 20 MVI C, 32 A<(HL)
E412 3E FF MVI A, OFFH READ ASCII SYMBOL INTO A
E414 D3 05 OUT  CDVR
E416 78 LOOP MOV  A,B !
E417 86 ADD M
A=—(DE + A)
E418 SF MOV - E, A I READ BYTE OF DECODED DATA FROM DECODER ]
E419 1A LDAX D
E41A D3 04 OUT  RDVR v
E41C é‘B) gg;( H RDVR=-A
E41D c
FAIE C2 16 E4 Nz Loop STORE BYTE OF DECODED DATA IN 74165
E421 EB XCHG v
E422 3A 02 EO LDA  COLMN
E425 D3 05 OUT  CDVR HL<-HL -1
E427 FE EF CPI OEFH UPDATE HL WITH ADDRESS OF NEXT SYMBOL TO LEFT
E429 CA 3B E4 iz FIRST
E42C 07 RLC
E42D 32 02 EO STA COLMN
E430 68 MOV  L.B
E431 01 80 00 LXI B. 0080H
E434 09 DAD B NO
E435 22 05 EO SHLD  BASE TLooR
E438 C3 4D E4 IMP END
E43B 3E FE FIRST  MVI A, OFEH
E43D 32 02 EO STA COLMN
CDVR-=«-COLMN
E440 21 00 ES LXI H, DECDR
E443 22 05 EO SHLD BASE TURN ON APPROPRIATE COLUMN DRIVER
E446 2A 03 EO LHLD COUNT
E449 2B DCX H ~OsT
E44A 22 03 EO SHLD  COUNT REFRESHED YES
E44D El END POP H COLUNN S? /7 (FIRST)
E44E DI POP D
E44F Cl POP B NO
E450 F1 POP PSW
E451 C9 RET COLMN <« 2COLMN +1 COLMN=-FEy
UPDATE COLMN FOR NEXT UPDATE COLMN TO TURN ON
REFRESH CYCLE COLUMN 1
BASE<BASE + 80y BASE - DECDR
UPDATE BASE WITH ADDRESS UPDATE BASE WITH ADDRESS OF
OF NEXT COLUMN IN DECODER COLUMN 1DATA IN DECODER ROM
ROM l
I COUNT=-COUNT -1 l
OPTIONAL 2 ms COUNTER
]
(END) }
| RESTORE MACHINE STATUS ON ]
STACK

RETURN

%)
=
=3
-
<<
=]
=
o
a
=3

Figure 8. 8080A Microprocessor Program that Decodes a 32 Character ASCII String Prior to Loading into the REFRESH CONTROLLER
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DECODER | DECODER
ADDRESS | ADDRESS | HDSP-2471
FORFIG. | FOR ROM
7,812 | FIG.6 | ADDRESS HEXIDECIMAL DATA
E500 0600 080 08 30 45 7D 7D 38 7E 30 60 1E 3E 62 40 08 38 41 COLUMN
090 10 18 SE 78 38 78 38 3C 38 3C 38 08 20 12 48 01
0A0 00 00 00 14 24 23 36 00 00 00 08 08 00 08 00 20
080 3E 00 62 22 18 27 3C 01 36 06 00 00 00 14 41 06
0co 3E 7E 7F 3E 7F 7F TF 3E 7F 00 20 7F 7F 7F TF 3E
000 7F 36 7F 26 01 3F 07 7F 63 03 61 00 02 41 04 40
0EQ 00 38 7F 38 38 38 08 08 7F 00 20 00 00 78 7C 38
0F0 7C 18 00 48 04 3C 1C 3C 44 04 44 00 00 00 08 2A
E580 0680 100 1C 48 29 09 09 44 01 4A 50 04 49 14 3C 7C 44 63 COLUMN,
10 08 24 61 14 44 15 45 43 45 41 42 08 7E 19 7E 12
120 00 5F 03 7F 2A 13 49 0B 00 41 2A 08 58 08 30 10
130 51 42 51 41 14 45 4A 71 49 49 36 58 08 14 22 01
140 41 09 49 41 41 49 09 41 08 41 40 08 40 02 04 41
150 09 41 09 49 01 40 18 20 14 04 51 00 04 41 02 40
160 07 44 48 44 44 54 TE 14 08 44 40 TF 41 04 08 44
170 14 24 7C 54 3E 40 20 40 28 48 64 08 00 41 04 55
E600 0700 180 3E 45 11 11 05 44 29 4D 48 04 49 08 20 04 44 55 COLUMN;3
190 78 7E 01 15 45 14 44 42 44 40 40 2A 02 15 49 7IC
1A0 00 00 00 14 7F 08 56 07 3E 3E 1C 3E 38 08 30 08
180 49 7F 49 49 12 45 49 09 49 49 36 3B 14 14 14 51
1C0 50 09 49 41 41 49 09 41 08 7F 40 14 40 0C 08 41
100 09 51 19 49 7F 40 60 18 08 78 49 7F 08 7F 7F 40
1E0 0B 44 44 44 44 54 09 54 04 7D 44 10 7F 18 04 44
1F0 24 14 08 54 44 40 40 30 10 30 54 36 77 36 08 2A
E680 0780 200 7F 40 29 21 05 38 2E 49 50 38 49 10 20 7C 3C 49 COLUMNg
210 08 24 61 14 3C 15 3D 43 45 41 42 1C 02 12 41 12
220 00 00 03 7F 2A 64 20 00 41 00 2A 08 00 08 00 04
230 45 40 49 49 TF 45 49 05 49 29 00 00 22 14 08 09
240 55 09 49 41 41 49 09 51 08 41 40 22 40 02 10 41
250 09 21 29 43 01 40 18 20 14 04 45 41 10 00 02 40
260 00 3C 44 44 48 54 02 54 04 40 3D 28 40 04 04 44
270 24 7C 04 54 20 20 20 40 28 08 4C 41 00 08 10 55
E700 0800 280 00 30 45 70 79 44 10 30 60 40 3E 60 1C 02 04 41 COLUMNg
290 04 18 5E 78 40 78 40 3C 38 3C 38 08 02 00 42 01
2A0 00 00 00 14 12 62 50 00 00 00 08 08 00 08 00 02
280 3E 00 46 36 10 33 30 03 36 1E 00 00 41 14 00 06
20 1 7E 36 22 3E 41 01 72 7F 00 3F 41 40 7F 7F 3E
200 06 5E 46 32 01 3F 07 7F 63 03 43 41 20 00 04 40
2E0 00 40 38 20 7F 08 00 3C 78 00 00 44 00 78 78 38
2F0 18 40 04 20 00 7C 1C 3C 44 04 44 00 00 00 08 2A

Figure 9. 128 Character ASCII Decoder Table Used by the 6800 Refresh Program in Figure 6. 8080A Refresh Programs in Figures 7, 8,
and 12, and the HDSP-2471 DISPLAY PROCESSOR CONTROLLER. Decoded 5x7 Display Font is shown in the HDSP-247X Data Sheet
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SLL

HDSP-2000 DISPLAY (32 CHAR)

€1 C2 C3 C5 C5  pCK

123457‘10

VWV
AAA
VWA
AA
\AAS

AAA

ENEIEEY)

MJE 700 (TYP)

0_]7
ET EP
314 Cahg
Vee 718 Qples
c Q
] M i3
74L527 [ b £1]
s 8
5 L
i
'3’
Ag
A
5
\6
Al
ADDRESS BUS—|
o [7
ET EP
Vee—9 3 A Q, iy
‘o 7 O (E]
' 5 i
Az 5]°  Oof
L oL
e
3 0 7F
7415162
Vee 13 - 2
5 3 Vee 741800  74LS04
741504 s4 s"’
\ N B 5 (A § 3
92(TTL. . 5 7
P LS ¢ ¢ 97
3 5 0
a G
5 Vee jasinz
Dg: 5 oy
D5 5]¢
Dy F
DATA BUSHD3 3
D; 11
Dy 74L504
Do 10

Figure 10. 8080A Microprocessor Interface to the HDSP-2000 DECODED DATA CONTROLLER

APPLICATIONS

R
NEENETE 4
R

i1 =02
111 =0

Az

—ococoo| |

E: ADDRESS BUS DECODING

Ay

oaaoo| |

S

cmo=o| |

RIGHTMOST CHARACTER LOCATION
LEFTMOST CHARACTER LOCATION
COLUMN 1

COLUMN 2

COLUMN 3

COLUMN 4

COLUMN &




ADDRESS BUS

! |
| IN— SO
A .

DATA BUS !

I

.
— L
MEMWR I l :

I

1 L L | =
I ]
i

74165 CLOCK | | | |
DATA OUT 74168, 1 ROW 7 | rows | Rows ROW4 |  Row3 Row2 | mow1 |
RAM ADDRESS I wonaoor) | (010)a0pR) | (011)0aDDR) | (100)(ADDR) | (101)ADDR) [ (110)ADDR) [ (111)(a0DR) |
"
RAM WRITE — 1 1 1 1 L3 LI
ADDRESS BUS DECODING: Az A7 As As Agq Az
coL 1 0 0 0 0 0 RIGHTMOST CHARACTER
coLz 1 1 1 1 1 LEFTMOST CHARACTER

oouoo P

0
0
o
0
1

cmomo

Figure 11. Data Entry Timing for DECODED DATA CONTROLLER

CODED DATA CONTROLLER

The CODED DATA CONTROLLER (Figure 13) is designed
to accept ASCII coded data for storage in a local 128 x 8
RAM. After the microprocessor has loaded the RAM, local
scanning circuitry controls the decoding of the ASCII, the
display data loading, and the column select function. With
minor modification, the circuit can be utilized forup to 128
display characters. The RAM used in this circuit is an
MCMB6810P with the Address and Data inputs isolated via
74L.S367 tristate buffers. This allows the RAM to be
accessed either by the microprocessor or by the local
electronics. The protocol is arranged such that the
microprocessor always takes precedence over the local
scanning electronics. The “Write” cycle timing for the
CODED DATA CONTROLLER s depicted in Figure 14. This
circuit, as with the DECODED DATA CONTROLLER,
requires no microprocessor time once the local RAM has
been loaded with the desired data.

The circuit shown in Figure 13 shows a CODED DATA
CONTROLLER designed for a 32 character HDSP-2000
alphanumeric display. The key waveforms shown in
Figure 15, labeled @ , @ . and @ . are shown to
simplify the analysis of thiscircuit. Label @) isthe 1 MHz
clock. Label (@ is the output of 7404 pin 2 which is the
inverted Qp output of the 74197. Label @) is the output
of the 7404 pin 6 which is the ANDed output of 2Qg, 2Qc,
and 2Qp of the 74393. The Motorola 6810 RAM stores 32
bytes of ASCII data which is continuously read, decoded,
and displayed. The ASCII data from the RAM is decoded
by the Motorola 6674 128 character ASCII decoder. The
6674 decoder has five column outputs which are gated to
the Data Input of the display via a 74151 multiplexer.
Strobing of the display is accomplished via the 74197,
74393, and 7490 counter string. The 74197 is connected as
a divide by 8 counter that sequentially selects the seven
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rows within the 6674. As shown by waveform (@ , the
74197 also enables seven clock cycles to be gated to the
clock input of the display. The 74393 is a divide by 256
counter connected so that the five lowest order outputs
select each of the 32 ASCII characters within the RAM.
The three highest order outputs determine the relation-
ship between load time and column on time. When 2Qg =
2Qc = 2Qp = 1 of the 74393, waveform @ goes to a
logical 1. The circuit then scans 32 characters from the
RAM and serializes the column data by counting through
each of the seven rows of the 6674 and gating the
appropriate column of the display. During the seven
counts when 2Qg, 2Qc, and 2Qp of the 74393 are not equal
to a logical 1, the column data is displayed, as shown in
waveform @ . The duty factor of the display shown in
Figure 13 is 17.5%.

Changing the display length to 64 characters is a simple
modification. This configuration can be easily realized by
disconnecting 2Qg of the 74393 from the 7410 and
connecting it through the remaining tri-state buffer on the
7415367 and using the 6810 RAM to store 64 ASCII
characters. By leaving only 2Qc and 2Qp attached to the
7410, the column on time of the display is reduced from
17.5% to 15%. This reduction is caused because the
relationship between actual column on time and
theoretical column on time is 3/4 as opposed to 7/8 for the
32 characters. Since the display length has been doubled,
the drive transistors must be upgraded to handle the
higher column currents.

To implement a 128 character display, several modifi-
cations are needed. These changes are incorporated into
the circuit in Figure 16. First, the input clock frequency has
been increased to 2 MHz. This has been done to maintain a
refresh rate of approximately 100 Hz for each digit, thus
providing a flicker-free display. This higher speed of
operation causes propagation delay problems within the



OBJECT

LOC CODE SOURCE STATEMENTS

DE=-DISPL + F8y
B000 DISPL EQU 0BOOOH LOAD DE WITH ADDRESS OF DISPLAY CORRESPONDING
ES00 DECDR  EQU OES00H TO COLUMN 1 LEFTMOST CHARACTER

ORG 0E000H
E000 02 EO ASCII DW DATA 32
E002 00 DATA DS 32 -~

ORG 0E400H

E400 11 F8 BO LOAD LXI D, DISPL+00F8H

E403 OE 20 MVI ¢, 32 EEZISASEI\;VITH ADDRESS OF LEFTMOST ASCII SYMBOL
E405 2A 00 EO LOOPI LHLD ASCII

E408 7E MOV AM {

E409 23 INX H

E40A 22 00 EO SHLD ASCII A=-(HL)

E40D 26 ES MVI H, DECDR/256 READ ASCII SYMBOL INTO A

E40F 6F MOV L.A l

E410 06 05 MVI B, 5

E412 7E LOOP2 MOV AM ASCll=-ASCH +1

E413 12 STAX D UPDATE ASCII WITH ADDRESS OF NEXT ASCII SYMBOL
E414 13 INX D

E415 7D MOV AL I

E416 C6 80 ADI 80H HL<«DECDR +A

E418 6F MOV LA LOAD HL WITH ADDRESS OF DECODER ROM CORRESPONDING
E419 D2 1D E4 INC LOOP3 TO COLUMN 1 OF DESIRED ASCI1 SYMBOL

E41C 24 INR H

E41D 05 LOOP3 DCR B

E41E C2 12 E4 INZ LOOP2 m

E421 7B MOV AE

E422 D6 0D Sul 13

E424 SF MOV  EA )

E425 0D DCR € P

E426 C2 05 E4 INZ LOOP1 I READ BYTE OF DECODED DATA FROM DECODER ROM I
E429 C9 RET

(DE)=A
STORE BYTE OF DECODED DATA IN DISPLAY

!

DE<«DE +1
UPDATE DE WITH ADDRESS OF NEXT COLUMN IN DISPLAY

HL<HL +80y4
UPDATE HL WITH ADDRESS OF NEXT COLUMN IN DECODER ROM

DE« DE-13
UPDATE DE WITH ADDRESS OF DISPLAY CORRESPONDING
TO COLUMN 1 NEXT CHARACTER TO RIGHT

NO
(LOOP 1)

* RETURN

Figure 12. 8080A Microprocessor Program that Decodes a 32 Character ASCII String Prior to Loading into the DECODED
DATA CONTROLLER
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8LL

Z 80 INTERFACE:

8080A, 6800 INTERFACE:

_ 7418367 74532 0
o 7 Svhs - ) O+® S a
Ds 5A  5Y ] 5 ]’ 5 ®
Dy 128n  avjil Ex e
B
DATA BUS D3 100an v cs ® 2 aps?
Dz L PN U
Dy L] A 7415113
Do 2] 3
L 7 F(NOTE 1)
7418367 €3 (NOTE 2) ®
| MCME810
- = MCM6674 NOTE 1: 0 ISMICROPROCESSOR CLOCK
Ag 13 | NOTE 2: CS IS TORQ ANDED WITH THE 1/0 ADDRESS OF THE
Aq ;‘ ; A1 74151 DISPLAY
ADDRESS BUS- A2 2 /Y ) .
:: 5 i ol 4] °
- 3 3|54 LI 3™
As HDSP-2000 DISPLAY
2 Dy D, (32 CHAR)
 P¥ w2 v or p
D3z 03 5 12
o o, C1C2C3C4C5 A CK
“16153_: T]2]3]4]5 10
RS
1
11; nsy _( 7LAB C
sIRs3 = [o]e
74197
IMHz v
cLockK =P A
INPUT  Vecl=gb B
6 MR750
' [ 3 10KS S S S <
B Qg 74145 3z P4 2
0]. 9 ans $$3S S
o ot 220 oA 8
dciean |12 &5 7 360" N
13 7 Qg ¢ A 7
qen e P £ i 2 39¢
L Ro i 2] 8 A
- *dre ol iE 3 350 &
i 21° IpAN- ™~
=9 Re 399
ak apAy
= 300 L
N
N
MJE 210 (TYP)

*DISPLAY IS OPERATED WITH
PIN 1IN THE UPPER RIGHT
HAND CORNER

Figure 13. 8080A Microprocessor Interface to the 32 Character HDSP-2000 CODED DATA CONTROLLER



twe
-
ADDRESS { L
taw
—= ton .
=N\ tow PARAMETER SYMBOL | MIN.
CHIP SELECT | WRITE CYCLE twe | 390ns
' WRITE DELAY taw 65ns
tow 'DHA CHIP ENABLE TO WRITE tow 65ns
DATA SETUP tow | 220ns
DATA X DATA HOLD ton | 20ns
twp twa WRITE PULSE twp_ | 310ns
WRITE RECOVERY twe 10ns
WR (6800 OR / CHIP ENABLE HOLD tcH 20ns
8080A INTERFACE)
0 (2-80 -\ / \ \ \____/-___
INTERFACE ONLY) e/

Figure 14. Memory Write Timing for the 32 Character HDSP-2000 CODED DATA CONTROLLER

®

AEpEpEpE

® L

LI ¢

LI

®@__1

DISPLAY
CLOCK

CHARACTER 1

14

| E—

ROW 1,ROW 2|ROW 3|ROW 4'ROW 5|ROW GIROW 7

ROW 'IlROW ZIROW 3| ROW 4l 'ROW 6|ROW 7

CHARACTERS 2-32

224 CLOCK CYCLES

224 CLOCK CYCLES

\

S

=

l3l4|5lsL_‘

0|1|2|3|4|5|6L—|

ol 1] 2
—>' °°‘-s~|<——c0LUMNs ON
OFF

(LOAD)

COLS,|
>|J e COLUMNS ON OFF
(LOAD} (LOAD)

Figure 15. Timing Information for the 32 Character HDSP-2000 CODED DATA CONTROLLER

MCM6674 (NMOS ) whose maximum access timeis 350ns.
For this reason, the MCM6674 must be replaced by a faster
Bipolar PROM. If this PROM is programmed with the code
listed in Figure 17, it will decode a character font identical to
the MCM6674. This same propagation delay problem is
present with the MCM6810 RAM. Following worst case
design procedures, the MCM68A10 1.5 MHz RAM should
be used. To accommodate the additional address line
made necessary by the display length expansion, the two
741.S367 tri-state buffers have been replaced with the
74L.S244 octal version. Strobing of the display is
accomplished using the 74197, 74393, and 7490 counter
string. The 74197 is connected as a divide by 8 counter
that sequentially selects the seven rows within the
82S2708. The 74393 is a divide by 256 counter connected
so that the seven lowest outputs select each of the 128
ASCII characters within the RAM. The previously unused
input A/output Qa of the 7490 has been used as an
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additional divide by 2 counter. Thus, when the highest
output of the 74393, 2Qp, and the Qa output of the 7490 are
NANDed through 7437, the basic relationship between
load time and column on time is established. However, the
external gating that has been added does affect the
duty factor slightly. Although these additional gates
increase the total package count by one, they perform the
necessary function of ensuring that the column drivers are
turned off before the clock is gated to the display. This
prevents noise from being generated on the clock of the
display and eliminates erroneous display data. The resultant
duty factor is (23/32) (1/5) or 14.4%. Since the HDSP-2000 is
rated at Icoi(max) =410 mA and there are 32 modules of four
digits each, the transistors must source up to 32 times 410
mA or approximately 13A. Darlington PNP power transistors
(2N6285) with the proper resistors have been used to
accomplish this task.

APPLICATIONS




(A

8080A, 6800 INTERFACE:

1 74532

Z 80 INTERFACE:

WR 3
7415367 7] ) ° 3 s
a4 13 J Q
05 1 32 Lo
Dy LES FIN sy IS 2 2
10 9 s . h
04 i R &
DATABUS - D3 1 Yk 7415113
D2 2 2A 2y 3
Dy 1A v 3 (NOTE 1)
Do
I T,s S INOTE 2) O
NOTES: 1.9 1S MICROPROCESSOR CLOCK
2.CS IS TORG ANDED WITH THE 1/0 ADDRESS
Vee OF THE DISPLAY
7418244
F2fian avied 2 =
Ao (1 PV B :: o 0o |2 : A 72151
Ay inz vz 8 Ay Dy 3 1
15 5 2 a ©
A, s 2vs Az D, Az
13 20 5
ADDRESS BUS A3z = 13 . Py A3 D3 : Az
A m2  2v2 A D, 4
o line wal2 I D; 7 af Do f2 Yo,
° 1 B 7] > 8 214 o, J2 F s 12 HOSP-2000 DISPLAY
As a1 21 As 06 Ag I 2 v ol (128 CHAR.) Vg fo—
13 1 *
D3
19
DT o
C1C2C3C4C5 ACK
i1 1z 3]s [s Yo
408 h8)3 165 J1a)7 |12 Ve .
3 s1 [t sooog s
TRIXRTAZ 13 =), npope
1 7415244 10 2] ° =
2mme $3¥gz§¢s -
INPUT 2 7] [15]6 36
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3 2 1300 n !
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Figure 16. 6800, 8080A, and Z-80 Interface to the 128 Character HDSP-2000 CODED DATA CONTROLLER

*DISPLAY IS OPERATED WITH
PIN 1IN THE UPPER RIGHT
HAND CORNER



PROM
ADDRESS

HEXIDECIMAL DATA

200 | F1 FO E4 E1 EF F5 F4 FF E9 FF FF F5 E4 FF F5 F5|ROW4
210 | FF F7 F7 FD FD F5 EA FF E4 EE E8 FF FD FD F7 F7
220 | EO E4 EO EA EE E4 E8 FO E8 E2 FF FF EC FF EO E4
230 | F5 E4 EE E6 F2 E1 FE E4 EE EF EO EC FO EO E1 E2
240 | ED F1 EE FO E9 FC FC F3 FF E4 E1 F8 FO F5 F3 F1
250 | FE F1 FE EE E4 F1 EA F1 E4 E4 E4 E8 E4 E2 EO EO
260 | E2 E1 F9 F1 F3 F1 EE ED F9 E4 E1 F4 E4 F5 F9 F1
270|F9 F3 F9 FO E4 F1 F1 _F1 EA EF E2 E8 EO E2 EOQ F5

OA0 |EO E4 EA EA E4 F8 E8 EC E2 E8 E4 EO EO EO EO EO
0BO |EE E4 EE EE E2 FF E6 FF EE EE EO EC E2 EO E8 EE
0CO |EE E4 FE EE FE FF FF EF F1 EE E1 F1 FO F1 F1 EE
0D0 |FE EE FE EE FF F1 F1 F1 F1 F1 FF EE EO EE E4 EO
OEO |E6 EO FO EO E1 EO E2 ED FO E4 E1 FO EC EO EO EO
OF0 |F6 ED EO EO E4 EO EO EO EO F1 EO E2 E4 E8 E8 EA

080 |FF FF E4 E1 E8 FF EO EE E4 EO FF EO E4 EO EE EE[ROW1

280 | F1 FO E4 E1 E4 FB F8 EA E5 E2 E0 EE F5 E8 FB F1
290 | F1 F1 F5 F5 F1 F8 EA E1 EA E4 E4 F1 F1 F5 F5 F1
2A0| EO E4 EO FF ES5 E8 F5 EO E8 E2 EE E4 EC EO EO E8
2BO| F9 E4 FO E1 FF E1 F1 E8 F1 E1 EC EC E8 FF E2 E4
2CO| F5 FF E9 FO E9 FO FO F1 F1 E4 E1 F4 FO F1 F1 F1
2DO| FO F5 F4 E1 E4 F1 EA F5 EA E4 E8 E8 E2 E2 EO EO
2E0| EO EF F1 FO F1 FF E4 E1 F1 E4 E1 F8 E4 F5 F1 F1
2F0| F6 ED FO EE E4 F1 F1 F5 E4 E1 E4 E4 E4 E4 EOQ EA

ROW 5

110 |F1 F5 F1 F1 F5 E5 EA E1 F1 E4 F1 F1 F5 F1 F1 F5
120 |EO E4 EA EA EF F9 F4 EC E4 E4 F5 E4 EO EO EO E1
130 |F1 EC F1 F1 E6 FO E8 E1 F1 F1 EC EC E4 EO E4 F1
140 |F1 EA E9 F1 E9 FO FO FO F1 E4 E1 F2 FO FB F9 F1
150 |F1 F1 F1 F1 E4 F1 F1
160 |E6 EO FO EO E1 EO E5 F3 FO EO EO FO E4 EO EO EO
170 |F9 F3 EO EO E4 EO EO EO EO F1 EO E4 E4 E4 F5 F5

100 |F1 FO E4 E1 E4 F1 E1 F1 E8 E4 EO E4 F5 E4 F1 F1{ROW2

ROW 6
310|F1 F1 F5 F5 F1 FO EA E1 F1 E4 E0O F1 F1 F5 F5 F1
320| EO EO EO EA FE F3 F2 EO E4 E4 F5 E4 E8 EO EC FO
330| F1 E4 FO F1 E2 F1 F1 FO F1 E2 EC E8 E4 EO E4 EO
340| F5 F1 E9 F1 E9 FO FO F1 F1 E4 F1 F2 FO F1 F1 F1
350| FO F2 F2 F1 E4 F1 EA4 FB F1 E4 FO E8 E1 E2 EO EO
360| EO F1 F9 F1 F3 FO E4 F1 F1 E4 F1 F4 E4 F5 F1 F1
370| FO E1 FO E1 E5 F3 EA F5 EA F1 E8 E4 E4 E4 EO_F5

180 |F1 FO E4 E1 E2 FB E2 F1 FE E2 EO E4 EE E8 FB F1
190 |[F1 F5 F1 F1 F5 E2 EA E1 EA EE FO F1 F5 F1 F1 F5
1A0 |EO E4 EA FF F4 E2 F4 E8 E8 E2 EE E4 EO EO EO E2
1B0 |F3 E4 E1 E1 EA FE FO E2 F1 F1 EC EO E8 FF E2 E1
1C0 |E1 F1 E9 FO E9 FO FO FO F1 E4 E1 F4 FO F5 F5 F1
1D0 |F1 F1 F1 FO E4 F1 F1 F1 EA EA E2 E8 E8 E2 F1 EO
1E0 |E4 EE F6 EE ED EE E4 F3 F6 EC E1 F2 E4 FA F6 EE
1F0 |F1 F1 F6 EF FF F1 F1 F1 F1 F1 FF E4 E4 E4 E2 EA

ROW 3

380| FF FO FF FF E1 FF EO FB E1 EO FF EO E4 EO EE EE |ROW7
390 | FF EE EE EE EE EO FB E1 FF E4 E4 EE FF FF FF FF
3A0f EO E4 EO EA E4 E3 ED EO E2 E8 E4 EO FO EO EC EO
3B0| EE EE FF EE E2 EE EE FO EE EC EO FO E2 EO E8 E4
3CO| EE F1 FE EE FE FF FO EF F1 EE EE F1 FF F1 F1 EE
3D0| FO ED F1 EE E4 EE E4 F1 F1 E4 FF EE EO EE EO FF
3EO| EO EF F6 EE ED EE E4 EE F1 EE EE F2 EE F5 F1 EE
3F0| FO E1 FO FE E2 ED E4 EA F1 EE FF E2 E4 E8 EO EA

Figure 17. 8252708 PROM Listing

DISPLAY PROCESSOR CONTROLLER

The previously mentioned interface techniques provide
only for the display of ASCII coded data. Such important
features as a blinking cursor, editing routines, and
character addressing must be provided by other
subroutines in the microprocessor software. The DIS-
PLAY PROCESSOR CONTROLLER is a system which
utilizes a dedicated 8048 single chip microprocessor to
provide these important features. This controller, as
depicted in Figure 18, is a series of printed circuit board
subsystems available from Hewlett-Packard under the
following part numbers:

HDSP-2470 — Controller with 64 character ASCll to 5 x 7
decoder

HDSP-2471 — Controller with 128 character universal
ASCII to 5 x 7 decoder

HDSP-2472 — Controller with socket for user supplied
custom coded ROM/PROM/EPROM.

All of the controllers have the following features:

e Choice of character string length:
4 to 48 characters in increments of four characters

e Four modes of data entry
Left Entry
Right Entry
RAM Entry (< 32 characters only)
Block Entry

Flashing Cursor — Left Entry Only

e Data Out (< 32 characters only)
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e Edit Functions

Clear Display RIGHT

Backspace Cursor ENTRY LEFT
Forwardspace Cursor ENTRY
Insert

Delete

These controllers have been designed to eliminate the
burden of data handling between keyboard, display, and
microprocessor. The product data sheet describes the
technical function of the controllers in detail.

Interfacing the controller to microprocessor systems de-
pends on the needs of the particular application. Figure 19
depicts a latched interface from a master microprocessor to
the HDSP-247X series of controliers. These interfaces are
utilized to avoid having the master processor wait for the
controller to accept data.

In sophisticated systems, it may be desirable to have the
HDSP-247X controller handle all of the keyboard/display
interface while the microprocessor reads edited messages
from the controller DATA OUT port. This function can be
achieved through the use of peripheral interface adapters
(PIA) available from the microprocessor manufacturers.
Figure 20 depicts a 6800 based system in which data may
enter the display from either a keyboard or a
microprocessor. This interface uses a 6821 PIA con-
figured so that PB7 controls whether the microprocessor
or keyboard enters data into the controller. The 6800
program is shown in Figure 21. Subroutine “LOAD” uses
CA1 and CA2 to provide a data entry handshake that
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cclL

DOg _ (8)

<8
DOs . (10)
pata | D04 L 112)
ouT | Doz ~ (14)
DO, (6
DOy _ (18]
DOg _ (20)
(2)
DATA VALID
(24)
COLUMN ON
Vg, DISPLAY (26) (A) Vg, DISPLAY BLANK
BLANK
Vcc-T——]
20pF 26 |40
21 Voo Ve
XTALq BUSg |12
20pr EJombe e
XTALp BUSq ==
BUS
= o i
1K BUS, Vee
3
— (6) 4l BUS;
ESET AAA reseT oo 3 <1000
SR N So b S Savp)
uF == < < <
TyEA poy |28 Bl e 39 w
27 o 14 5 D‘_‘(TVVVP') (H) COLUMNg
Pag e LI q
Pos |2 I A ¢
2]1]23]22 =L
; s o iCEWA [ier
X MeM HDSP-2470'2 78 2 A (F) COLUMN3
INTEL 8048 X 683080R | > isus | o
' Ibao-boo L EQUIV 14 1 AAS
— 0P 1P2] 6 — HDSP- Nl (E)
B e A = —AA—Vce
2; (ég)') gi Pog T9 Tio113fafis| -ngnélaguv 2471/2 ) COLUMN,
RAM P NTY I I
AoDRESs | A2 1 as)B GND
Ay __B) 22 [ 3 0-0~0— VCC )
E ETH P 4 o[ (B)  COLUMN;
— 537
Dl7 __ (@) 1 51c
PR L —
Dlg __(23) 33 PIOG DS 2 1 [ ")
DATA g:s ﬁ;; :;21 Pis 24112 1iED 74 H_ cotukng
4 —1 P -
N oIz 7 30] 14 P 3)c L5165 TIP 105
DIy __(15) 9] 13 2] (TYP)
P —h P12
Dl __(13) 28], i 1] s
Dlp __(11) 27 b ae I8 4 ° ™
— 6 HDSP HDSP-2471/2 5 CLK QH DISPLAY DATA
e [ 2470 {-uif \a~ 1
CHIP SELECT —q'Ra 7{; w
9 12 cLocK
READY 22 23 P Bus; 2 13 W
740837 74L837
Ve HDSP2471/2
cc -
o L] o
¥ 0)
L 20 Vee 9 vee
= L s
P)
GnD
(Q)
= (R)
(1)

Figure 18. HDSP-2470/-2471/-2472 DISPLAY PROCESSOR CONTROLLER



| ONLY REQUIREG FOR RAM MODE 7|
8080A INTERFACE A, 6D 6Q .
¢ 1 15 Sl
cs* A L__Jso 5Q Ag
_ 13 12 [E)
WR ADDRBES: A1 o sl T
7ats10 JNJ—T—L ¥ 30 A,
6800 INTERFACE A ! s 7 (5)
0 D +
VMA — 2] 20— 51 &
2 Vec —+—— 10 1 !
cs* g 6 , 3
7aLs10 9 HDSP
| et rasio 12470/172
5 CONFIGURATION a
*CS IS A LOGICAL
COMBINATION OF HIGH
ORDER ADDRESS BITS
THAT DISTINGUISH THE
ADDRESS OF THE
HDSP-2470/1/2 FROM THE
REST OF THE MICRO-
PROCESSOR SYSTEM.
D
D
iy 77]7° D @'
o 7| i (3 @n|°'s
paTA | Da =150 saf> i O
BUS | D. P " ol
o B 9 an
2
" 30 3afg el
20
o 3% N 3 Z:|
° 3 91 [SE]
TP 74Ls2r3
Figure 19. Latched Interface to the HDSP-2470/-2471/-2472 DISPLAY PROCESSOR CONTROLLER
RESET
3
71008
HOSP-
70] %5 2416/24/32/40
D04 ALPHANUMERIC
2 DISPLAY *
%]’ 3 e
5106 7] 292
DO
28] °5 18 50, v
. 0 8
e 2 ,E,': Xoaravan A covumns
ap z 571
2 C c
3 74Ls157 HDSP-
37121 2470/71/72 D 5] coLUMN2
[ oo = =4 DISPLAY | B
33 3A it COLUMN3
7 F F
VMA - Agg 5] cs0 2 S S
1" ay iy COLUMNg
2 12 4 H H
A3 ey = ay 7 g .I_I Ll_
a3 J= B v o B 5 9] OLUMN5,
3 28 v r m Dlg R m
Ao 3 18 T o] crock
A1 = RS1 SE ::L M | DISPLAY DATA
151 N N Vee
R 7| " o °
1 GND
o2 25 E PA3 . d
. Q a
RESET RESET PA2
_ [ P K
Ra iRaB
PA
37 2 7] °'3
=102
73|°"
ETT had
cA READY
"Pao 000 22
ca vee o
e 11 s =
MOTOROLA 5 =)
6821 7418132 =
=)
*16, 24, 32, OR 40 CHARACTER HDSP 2000 DISPLAY =
BOARD DESIGNED TO INTERFACE TO THE o
HDSP.2470/71/72 DISPLAY PROCESSOR CONTROLLER Y

ER Dg Ds Dg D3 D2 Dy DO ST
MICROSWITCH 61SW12-1 KEYBOARD

Figure 20. 6800 Microprocessor Interface Util

ing a 6820 PIA for an HDSP-2470/-2471/-2472 Alphanumeric Terminal
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* PORT CONFIGURATION:
PORT A:

* L

1.

R R R KK RN

»

Loc

0000

0100
0101
0102

0400
0403
0406
0407
0408
040B
040D
040F
0411
0413
0416
0418
041A
041D
041F
0420
0421
0423
0426
0428
042A

042B
042D
042F
0430
0432
0434
0437
043A
043D
043F
0441
0443

0500
0503
0506
0508
050B
050D
0510
0512
0515
0517

0S1A
051B
051E

0521
0524
0526
0529
042B
0S2E

PAO-PA7 OUTPUTS TO DATA IN OF HDSP-247X

CAl (INPUT) MODE 00 SET FLAG NEG EDGE OF READY
CA2 (OUTPUT) MODE 100 CLEARED MPU READ PRA, SET
NEG EDGE OF READY

PORT B:

PBO-PB6 INPUTS DATA TO 6800 FROM DATA OUT OF HDSP-247X
CB1 (INPUT) MODE 00 SETS FLAG NEG EDGE OF DATA VALID
CB2 (INPUT) MODE 000 SETS FLAG NEG EDGE OF ER KEY

CB2 (INPUT)MODE 001 SETS FLAG NEG EDGE OF ER KEY
CAUSING IRQ

PB7 (OiJTPUT) LOW ENABLES PAO-PA7 TO MUX
HIGH ENABLES KEYBOARD TO MUX

OBJECT CODE SOURCE STATEMENT
8008 PRA EQU $8008
8008 DRA EQU $8008
8009 CRA EQU $8009
800A PRB EQU $800A
800A DRB EQU $800A
800B CRB EQU $800B
ORG $0000
MESSAGE RMB 2
ORG $0100
STATUS RMB 1
CURSOR RMB 1
DATA RMB 32
ORG $0400
CE 0100 READ LDX 1, STATUS
B6 800A LOOPI LDA A E,PRB CLEAR CB1 AND CB2
SF CLR B
5C LOOP2 INC B
B6 800B LDA A E,CRB
2A FA BPL LOOP2 WAIT FOR DATA VALID
Cl 0A CMP B [, 10
23 F2 BLS LOOP1
Cé 21 LDAB 1,33
B6 800A LOOP3 LDA A E,PRB READ AND CLEAR CBI
84 7F AND A I, $7F
A7 00 STA A X,0 STORE IN RAM
B6 800B LOOP4 LDA A E,CRB
2A FB BPL LOOP4 WAIT FOR DATA VALID
08 INX
SA DEC B
26 FO BNE LOOP3 READ DATA
B6 800A LDA A E,PRB
84 7TF AND A 1, $7F
A7 00 STA A X,0
39 RTS
DE 00 LOAD LDX D, MESSGE
A6 00 LOOP10 LDA A X,0
08 INX
81 FF CMP A I, $FF LAST WORD IN STRING
27 0D BEQ ENDL JUMP WHEN DONE
B7 8008 STA A E,PRA
7D 8008 TST E,PRA CLEAR CAl AND CA2
B6 8009 LOOPIl LDA A E,CRA
2A FB BPL LOOP11 WAIT
20 EC BRA LOOP10
DF 00 ENDL STX D, MESSGE
39 RTS
ORG $0500
7F 8009 START CLR E,CRA
7F 800B CLR E,CRB
86 FF LDA A I, SFF
B7 8008 STA A E,DRA
86 24 LDA A [, 824
B7 8009 STA A E,CRA
86 80 LDA A I, 380
B7 800A STA A E,DRB
86 04 LDA A [, 304
B7 800B STA A E,CRB
* PROCEDURE TO LOAD HDSP-247X SYSTEM
OE CLI
7F 800A CLR E,PRB DISABLE KEYBD FROM MUX
BD 042B JSR E, LOAD
* PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM
7D 800. TST E,PRB CLEAR CB1, CB2
86 80 LDA A 1,380
B7 800A STA A E,PRB ENABLE KEYBD TO MUX
86 0C LDA A [ $0C
B7 800B STA A E,CRB ENABLE IRQ,
OF SEI IRQ CAUSE JSR TO READ

READ

X-<«-ADDRESS OF STATUS
POINT TO ADDRESS OF
DATA DESTINATION

I

i

)

FORCE CA2 LOW, CLEAR CB1 FLAG
CLEAR INTERRUPT REQUEST
FROM IRQB

B<B+1

A7<-CB1 FLAG
SET ON NEGATIVE EDGE
OF DATA VALID

CB1 FLAG CLEARED?

NO

(LOOP 1)

WAIT FOR NEXT
DISPLAY DATA
OUTPUT CYCLE
WAIT
FOR
DATA
VALID

LOAD

A<-PRB - 7Fy
READ DATA OUT WORD

(X)=— A
STORE DATA OUT WORD

A7=-CB1 FLAG
SET ON NEGATIVE
EDGE OF DATA
VALID

CB1 FLAG CLEARED?

X «—MESSAGE POINT TO
FIRST ASCII CHARACTER

NOT DONE

A=(X)
READ ASCIl CHARACTER

LAST CHARACTER?
DENOTED BY FFy

STOR

MESSAGE = X

OF
CHARACTER STRING

E ADDRESS
NEXT

(LOOP 3)
YES

A<PRB - 7Fy
READ DATA OUT WORD

(X)=A
STORE DATA OUT WORD

"FVS:J A7<-CA1FLAG SET ON
RETURN READY | NEGATIVE EDGE OF READY

(LOOP 11)

PRA<-A OUTPUT
DATA WORD TO DISPLAY

!

I FORCE CA2 LOW

CLEAR CA1 FLAG

|

CA1FLAG CLEARED?

(LOOP 10)

Figure 21. 6800 Microprocessor program that Interfaces to the Circuit shown in Figure 14.
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4 ol RESET
6 6
Y 5 7aLs132
:Bs 7 3 206
:5 23 10 D°5
i E3 7 Dg'
il P 73 hod
PB, Do, HDSP-
i 0 6] o 2416/24/32/40
e 18| ! ALPHANUMERIC
o, O[® 351 0% DISPLAY *
27 )
P v,
A M S a"( Dw 7| PATAVALID [ Y e,
Ds 74L5132 HDSP- gj '[ B g
29 PA; aA 470/71/72
DATA ) LT kad N I ¢
8us 3703 °f Ny, 7aLs157 PROCESSOR (D | | DJ COLUMN,
e PAs 39 3 b 3 =
2] PA LG 1A M m =10 - — coLumn;
33) 1 3]4® M N 5310 | |
D
34) 0 38 2y DI, G G
INTEL 10 7 P31 o 7] coLumn,
1sszssA 3 2: w7 T _’_] LT
A, —+—=q ¢ 1
3 3 3 ~ coLumns
A A SEL
1 8 1 1
—{ st K K
A 3% =1 T T]crock
_ DISPLAY DATA
TORD—50RD  pp, T 7 B ™ Ml
pe— WR N N cCc
AR G I il o
M 1
b—— RESET 3
RESET £ po |z 1A avls 510 P E ce
Q Q
73148 avls 3
my K 2y 1o
\%
=128 wh 71%%
=18
LA 7]seL
Lol
= Y
PC [17 22K 1000pF 72| REAP
(ACK) Vee
pC, _
10 [E EE g &
(OBF) EENN (I <
3] By 74LS132 ° 741500
+V B,
ot 3h A, 745122
INTERRUPT 20uF he 1 S A‘ *16, 24, 32, OR 40 CHARACTER HDSP-2000 DISPLAY
REQUEST 212 a BOARD DESIGNED TO INTERFACE TO THE HDSP-
3 . cL 6 2470/71/72 DISPLAY PROCESSOR CONTROLLER.
74LS00 © 7418132 -
It
e
1000pF =
ER Dg Dg Dy D3 D, Dy Dy ST
MICROSWITCH 61SW12-1 KEYBOARD

Figure 22. 8080A Microprocessor Interface Utilizing an 8255 PIA for an HDSP-2470/-2471/-2472 Alphanumeric Terminal

allows the 6800 to load data into the controller as fast as
the controller can accept it. After the prompting message
has been loaded, the microprocessor turns the control of
data entry over to the keyboard. A signal from the
keyboard (“ER"” in the example) sets a flag within the 6821.
Depending on how the 6821 is configured, the
microprocessor can either test the flag or allow the flag to
automatically interrupt the microprocessor. Subroutine
“READ” would then be used to read the DATA OUT
outputs from the controller into the microprocessor
system. The microprocessor uses the CB1 input of the
6821 PIA to determine when to read each of the 34 data
output words into the system.
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A similar PIA interface for the 8080A microprocessor is
depicted in Figures 22 and 23.

The HDSP-247X series of controllers are programmed to
default to “Left Entry” mode for a 32 character string of
displays. If some other entry mode or string length is
desired, it is necessary to either load the appropriate
control word from the microprocessor or to provide a
control word during POWER ON RESET. The controller
will read the DATA IN lines during RESET and interpret
the contents as the control word. The circuit depicted in
Figure 24 can be utilized to load any desired prepro-
grammed word into the HDSP-247X controller, during
power on.
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PORT CONFIGURATION:

PORT A (MODE 1 OUTPUT):
PAO-PA7 OUTPUTS TO DATA IN OF HDSP-247X

PC7 (OBF) OUTPUT; TO CHIP SELECT
PC6 (ACK) INPUT; TO READY

FLAG PC7 (OBF) CLEARED BY OUTPUT; SET BY READY

PORT B (MODE 1 INPUT):
PBO-PB6 INPUTS DATA FROM DATA OUT OF HDSP-247X
PC2 (STB) INPUT; LOADS DATA ON NEG EDGE OF DATA VALID

PORTC:
PC4 OUTPUT; LOW ENABLES PAO-PA7 TO HDSP-247X

FLAG PCO (INTR) CLEARED BY INPUT;

SET BY DATA VALID

HIGH ENABLES KEYBOARD TO HDSP-247X

LOC OBIJECT CODE SOURCE STATEMENTS
000C PA EQU OCH
000D PB EQU ODH
000E PC EQU OEH
000F CNTRL  EQU OFH

ORG 0EO00H
E000 02 EO ASCII DW TEXT
E002 00 TEXT DS 32

ORG OE100H
E100 00 STAT DB 0
E101 00 ADDR DB 0
E102 00 DATA DS 32

ORG OE400H
E400 F3 READ DI
E401 F5 PUSH PSW
E402 ES PUSH H
E403 C5 PUSH B
E404 OE 20 MVI C,32
E406 21 00 El LXI H, STAT FIRST WORD
E409 DB 0D IN PB CLEAR INTR
E40B 06 00 LOOP! MVI B,0
E40D DB OE LOOP2 IN PC
E40F 04 INR B
E410 1F RAR
E411 D2 OD E4 JNC LOOP2 WAIT UNTIL INTR IS SET
E414 3E 0A MVI A, 10
E416 B8 CMP B
E417 DB 0D IN PB
E419 D2 0B E4 INC LOOP1 WAIT UNTIL STATUS WORD
E41C 77 LOOP3 MOV M, A STORE IN RAM
E41D 23 INX H
E41E DB OE LOOP4 IN PC
E420 1F RAR
E421 D2 1E E4 INC LOOP4 WAIT UNTIL INTR IS SET
E424 DB 0D IN PB
E426 0D DCR C
E427 C2 IC E4 INZ LOOP3
E42A 77 MOV M, A STORE LAST WORD
E42B Cl POP B
E42C El POP H
E42D F1 POP PSW
E42E FB El
E42F C9 RET
E430 2A 00 EO LOAD LHLD AsCH FIRST WORD OF MESSAGE
E433 7E . LOOPS MoV A M
F434 FE FF CPI OFFH CHECK TO SEE IF DONE
E436 CA 45 E4 Jz ENDL
E439 D3 0C ouT PA OUTPUT TO DISPLAY
E43B 23 INX H
E43C DB OE LOOP6 IN PC
E43E 17 RAL
E43F D2 3C E4 INC LOOP6 WAIT
E442 C3 33 E4 JMP LOOPs NEXT WORD
Ed445 23 ENDL INX H
E446 22 00 EO SHLD  ASCII
E449 C9 RET
E44A 3E A7 START MVI A,0A7TH PA OUTPUT, PB INPUT
E44C D3 OF ouT CNTRL
E44E 3E 0C MVI A, O0CH CLEARINTE A
E450 D3 OF ouT CNTRL
E452 3E 05 MVI A, 0SH
E454 D3 OF ouT CNTRL SET INTE B

* PROCEDURE TO LOAD HDSP-247X SYSTEM
E456 3E 08 MVI A, 08H
E458 D3 OF ouT CNTRL ENABLE A SIDE OF MUX -
E45A CD 30 E4 CALL  LOAD
*- PROCEDURE TO READ DATA OUT OF HDSP-247X SYSTEM

E45D 3E 09 MVI A, 09H
E45F D3 OF ouT CNTRL ENABLE B SIDE OF MUX
E461 FB El INT MUST CALL READ

0

| sTorE macHINE sTATUS ON STACK |

C=32

HL<-ADDRESS OF STAT
POINT TO ADDRESS OF
DATA DESTINATION

READ PB
CLEAR INTR FLAG (PCq)

Ag<INTR FLAG
SET ON NEGATIVE EDGE
OF DATA VALID

WAIT
FOR
NEXT
DISPLAY
DATA
OuUTPUT
CYCLE

INTR FLAG
CLEARED?

NO

(LOCP 2)

A<=PB
CLEAR INTR FLAG (PCq)

(Loop 1)
NO

(HL)<A
STORE DATA OUT WORD

READ
NEXT
DATA
ouT
WORD

HL<—ASCII
POINT TO FIRST
ASCII CHARACTER

t NOT DONE

A< (HL)
READ ASCII CHARACTER

LAST CHARACTER?
DENOTED BY FFy

ASCIi<HL

Ag<INTR FLAG
SET ON NEGATIVE
EDGE OF DATA VALID

RETURN
PA=-A

OUTPUT DATA WORD
TO DISPLAY

HL=<HL +1

A7<-OBF FLAG (PC;)
SET ON NEGATIVE
EDGE OF READY

WAIT
FOR
READY
<_ YES
OBF FLAG CLEARED?,
(LooP 6)

(HL) = A
STORE LAST
DATA OUT WORD

I

RESTORE MACHINE
STATUS FROM STACK

RETURN

NOI

(LOOP 5)

Figure 23. 8080A Microprocessor Program that Interfaces to the Circuit shown in Figure 17.
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Figure 24. External Circuitry to Load a Control Word into the
HDSP-2470/-2471/-2472 Alphanumeric System upon Reset

DISPLAY POWER DISSIPATION

The HDSP-2000 combines a significant amount of logic and
display capability in a very small package. As such, on-board
power dissipation is relatively high and thermal design of the
display mounting becomes an important consideration. The
HDSP-2000 is designed to permit operation over a wide
range of temperature and supply voltages. The design of a
heatsink to maintain a junction temperature of less than
125°C for a multiple package system where every electrical
input operates at maximum voltage and current would be
difficult at best. However, in virtually all applications, the
actual power dissipation is only a small fraction of the maxi-
mum power dissipation, since Vcol is less than 5.25V, only a
fraction of the 35 LEDs are on at any time, and the duty factor
is never 20%. The calculation of power dissipation is impor-
tant since the result is largely a function of external circuit
parameters. The minimization of power dissipation will
reduce the amount of heatsinking required for the displays.
Furthermore, by the Arrhenius model, the display reliability
isincreased by 40% for a 10° C reductionin junction temper-
ature. Thus, reduced power dissipation or better heatsinking
can also increase the reliability of the display system.

Calculation of power dissipation in the HDSP-2000 display
family can be made using the following formulas:

" Pp =P(lcc) + P(IRer) + P(lcoL) (7)
where
P(lcc) =lcc1 Vee (8)
when Vcc is applied continuously to the display
P(lcc) =lcc1 Vee (t+T)/ (t+ T+ Ts) 9

when Vcc is turned off during the time Tg

where
P(IRerF) = (Icc2 — lcc1) Vee (n/35) (10)

when Vg is connected to Vcc and Vcc is applied
continuously to display

P(Irer) =5 (lcc2 — Icc1) Vee (n/35) D.F. (11)
when VB is logical 0 during times t and Tg

where
P(lcoL) =5 IcoL VcoL (n/35) D.F. (12)

where
n=average number of diodes illuminated per character
D.F. = column on time from equation (1) or (5)
Icct1 =lcc (VB =0.4V)
lccz = lcc (VB =2.4V)

P(lcc) is the power which is dissipated in the logic within the
shift register. P(lcc) is constant regardless of n, or D.F. as
long as voltage is applied to the Vcc pin. However, for low
D.F., lcc can be switched off during the time the display is
blanked. P(IReF) is the power dissipated in the logic to drive
the current mirror output. Thus, if the output of the shift
register and the Vg input are both logical 1, P(IrerF) will be
dissipated. P(lcoL) is the power dissipated within the LEDs
andthe constant current outputs during the time that VcoL is
applied and the LEDs are on.

As can be seen from formulas (7) through (12) there are
several techniques by which total power dissipation can be
reduced:

Reduce n

Reduce VcoL

Reduce D.F.

Reduce Vce

Turn off Vcc when display is blanked

For most applications, n <20 dots. For example, the HDSP-
2470 character generator has 3 characters with 20 dots on (#,
@, B), 1 character with 19 dots on (zero), and 6 characters
with 18 dots on (A,D,E,M,R,W). With custom PROM pro-
gramming these 4 symbols (#, @, B, zero) can be modified to
reduce the total number of dots onto 18 or less. The average
of all 36 alphabetic and numeric symbolsis 14.7 dots on. The
calculations assume that every character has the same
number of illuminated dots. This assumption can overstate
the maximum power dissipation if the application includes a
fixed number of spaces in the display.

Above 2.4V VcoL for standard red devices and 2.75V VcoL
for GaP devices, IcoL is nearly constant. While it is possible
to operate the columns of the HDSP-2000 display using
fullwave rectified unregulated DC, lower power dissipation
can be achieved by using the regulated Vcc supply. Then,
VcoL is equal to Vcc minus the collector to emitter
saturation voltage across the column switching transistors.
Since the minimum recommended VcoL is 2.4V or 2.75V,
PNP Darlington transistors with a silicon diode in series with
the emitter can be used to lower the power dissipation within
the display.




The time averaged luminous intensity for the display is equal

to the peak luminous intensity on the data sheet times D.F. -

Thus, reduction in D.F. will also reduce the time averaged
luminous intensity as well as power dissipation. For most
indoor applications, a D.F. of 10% for standard red and 5%

For example, the maximum power dissipation for a four
character HDSP-2000 display (n = 20, VcoL = 3.5V, VB =
2.4V,D.F.=17.5%, Vcc =5.25V) can be calculated as shown
below:

A ) . ) X ; : P(lcc) = (60 mA) (5.25V)
for GaP displays will provide satisfactory luminous intensity. =315 mW (13)
Forexample, the 40 character HDSP-2470 system hasa D.F.
of 11.6%. However, a D.F. of 17% or higher is recommended P(IRer) =5 (95 mA — 60 mA) (5.25V) (20/35) (0.175)
for sunlight viewable applications for the GaP displays. =92 mW (14)
The HDSP-2000 family of alphanumeric displays are P(lcoL) =5 (410 mA) (3.5V) (20/35) (0.175)
specified for operation with a 5% tolerance 5 volt supply. A =718 mW (15)
tighter tolerance supply will also reduce the power Pp) = P(lcc) + P(IreF) + P(IcoL)
dissipation in the display. =1125 mW (16)
Icc can be switched off during the time the display is
blanked. Thus, power would be applied to the display; the
shift register would be loaded with information; the columns
would be turned on; and then the column current, Vg, and
Vcc would be switched off until the next column refresh
cycle. For low D.F,, this can significantly reduce the power
dissipation within the display. As D.F. increases, the display
is blanked for a smaller portion of the refresh cycle and the
power reduction is reduced. When the bis:king time goes to
zero, the power reduction also goes to zero.
Maximum Power Dissipation Typical Power Dissipation
Operating Conditions Power Operating Conditions Power
(Unless otherwise specified) Dissipation (Unless otherwise specified) Dissipation
Assumptions Vcc =5.25V 1.12W Vce = 5.00V .B5W
Used in VcoL = 3.5V VcoL = 3.0V
n=20 n=15
D.F.=.175 D.F.=.175
VB = logical 0 during VB = logical 0 during
t (and Tg) t (and TB)
Ts=0 Ts=0
1. Reduce n n=18 1.04W
2. Reduce n n=18 95W
and VcoL VcoL =3.0V
3. Reduce VcoL VcoL = 3.0V 1.02wW VcoL = 2.4V 58W
VcoL =2.75V .62W
4. Reduce D.F. D.F.=.10 .78W D.F.=.10 ATW
D.F.=.05 .55W D.F.=.05 .35W
5. Reduce VcoL VcoL = 3.0V VcoL =24V
and D.F. D.F.=.10 by D.F.=.10 AW
VcoL = 3.0V VcoL =2.75V
D.F.= .05 Hew D.F.= .05 34W
6. Reduce D.F. D.F.=.10 D.F.=.10
Turn-off Vcc X =.625 66w X =.625 SaW
during Ts D.F. =05 D.F.= .05
X = 375 o X = 375 21W
7. Reduce VcoL, VcoL = 3.0V VcoL =24V
Reduce D.F., D.F.=.10 .60W D.F.=.10 .34W
Turn-off Vcc X =.625 X =.625
during Ts VeoL = 3.0V VcoL =275V
D.F.=.05 32w D.F.=.05 .20W
X =.375 X=.375
t+ T
where x = [————
t+T+Ts

Figure 25. Maximum and Typical Power Dissipation for the HDSP-2000/1/2/3 and HDSP-2300 Alphanumeric Displays
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Similarly, a typical power dissipation for a four character
HDSP-2000 display (n=15,VcoL=3.0V, D.F.=17.5%,Vcc =
5.00V) can be calculated as:

P(lcc) = (45 mA) (5.00V)

=225 mW (17)
P(lrer) =5 (73 mA — 45 mA) (5.00V) (15/35) (0.175)

=52 mW (18)
P(lcoL} =5 ¢335 mA) (3.0V) (15/35) (0.175)

=377 mW (19)
Pp) =P(lcc) + P(Irer) + P(IcoL)

=654 mW (20)

Some typical power dissipations for other values of n, VcoL,
D.F., Vcc, are shown in Figure 25. Note that at a D.F. of
17.5%, which would be appropriate for a sunlight viewable
application, the maximum power dissipation can be reduced
to under 1.0W, while the typical power dissipation can be
reduced to 0.60W. In most indoor ambients, the D.F. can be
reduced to 10% for standard red and 5% for GaP displays.
Under these conditions the maximum power dissipation is
0.72W or0.52W and the typical power dissipation is 0.43W or
0.34W. Thus, in power sensitive applications, GaP displays
can be used to conserve power. Turning off Vcc during the
time the display is blanked can further reduce the power
dissipation. In this manner the maximum power dissipation
can be reduced .32W and the typical power dissipation can
be reduced to 0.20W for the GaP displays.

HEAT SINKING CONSIDERATIONS
For operation at the maximum temperature of 85°C, it is
important that the following criteria be met:

a. TN <100°C
where TpiN = temperature of hottest pin

b. Ty<125°C
The thermal resistance IC junction to case, ©yc, or IC junc-
tion to pin, ®J-PIN, is shown in Table 2. Using these factors, it
is possible to determine the required heat sink power dissi-

pation capability and associated power derating through the
following equations:

T.=0.APD+Ta (21)
Ty=T.+ Oy« Pp (22)
where

* = Pin or Case

Table 2. Device Thermal Resistance

Device O4c 04-pIN

HDSP-2000 Series 20°C/W 25°C/W
HDSP-2300 Series 7.5°C/W 10°C/W
HDSP-2490 Series 7.5°C/W 13°C/W

For example, given OpIN-a of 35° C/W an ambient tempera-
ture of 60°C, and the operating conditions shown in
equations (13), (14), and (16) the Tpin and Ty for the HDSP-
2000 family can be calculated as shown below:

TrIN = (35°C/W) (1.12W) + 60°C

=99°C (23)
Ty =99°C + (25°C/W) (1.12W)

=99°C +28°C

=127°C (24)

Heat sink design for the HDSP-2000 family of displays can
be accomplished in a variety of ways. For single line applica-
tions, a maximum metalized printed circuit board such as
shown in Figure 26 can be used. For example, the HDSP-
2416/-2424/-2432/-2440 display boards consist of 16, 24, 32
or40 characters of HDSP-2000 displays mounted on a max-
imum metalized printed circuit board. The HDSP-2432
printed circuit board is 2.3” x 6.4” and has a OpiN-A of about
45°C/W per package for a 1/2 ounce copper clad printed
circuit. These display boards are designed for free air opera-
tion of 55° C and operation to 70° C with forced air cooling of
150 fpm normal to the rear side of the board, for displays
operating at a Pp of 1.00 watt or less.

25 MIL INSULATING “TRACES” TO
SEPARATE METAL CONDUCTORS.

Figure 26. Maximum Metalized Printed Circuit for the HP
HDSP-2000
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HEAT SINK DESIGN FOR OPERATION
ABOVE 70°C

A free air operating temperature of 85° C can be achieved by
heat sinking the display. Figure 27 depicts a two part heat
sink which can be assembled using two different extruded
parts. In this design, the vertical fins promote heat transfer
due to naturally induced convection. Care should be taken
to insure a good thermal path between the two portions of
the heat sink. To optimize power handling capability, the
heat transfer contact area between the printed circuit board
metallization and the heat sink should be maximized. A
thermally conductive silicon rubber sheet can be used to
insulate the printed circuit board. Heatsink assemblies sim-
ilar to the one shown in Figure 27 typically exhibit a thermal
resistance, OpIN-A, of 14° C/W per package for a 32 character
display.

Copper or aluminum bars mounted underneath the displays
can also be used to heatsink the display assembly. Heat
generated within the displays is conducted through the
ceramic substrate into the bar. The ends of the bar are
mounted to a heatsink or to a metal front panel. The bar can
be insulated from the pins of the display and the printed
circuit board with a thermally conductive silicon rubber
sheet. Figure 28 shows a metal plate with slots milled in the
plate for each row of displays such that each horizontal row
of displays straddles a bar.

Athermal resistance model for this heatsinking technique is
shownin Figure 29. This model assumes that all heat gener-
ated in the display is generated in the center of each display
package and that the ends of the bar are connected to an
ideal heatsink. Then the temperature rise of the centermost
display in the bar can be calculated as shown below:

Tc =4(0/2)Pp+360Pp+20Pp +OPp + Ta
=80Pp + Ta (25)

THERMAL
CONDUCTING
COMPOUND

THERMAL TWO PIECE
CONDUCTIVE SILICONE BLACK ANODIZED

RUBBER SHEET
(ELECTRICALLY HEAT SINK
INSULATING)

METAL CHASSIS

DISPLAY BEZEL AND
CONTRAST ENHANCEMENT A
FILTER

4

Yy

HDSP-2000 DISPLAY

PRINTED CIRCUIT BOARD
UTILIZING LARGE
METALIZATION PATTERN

Figure 27. Two-Part Heat Sink for the HDSP-2000

HDSP-2000 DISPLAYS
STRADDLE COPPER BAR

CROSS SECTION

VIEW
SIP SOCKET
HDSP-2000
DISPLAY
w
COPPER BAR
T
a
PRINTED 0

CIRCUIT BOARD

MOUNTING

O‘/ HOLES
MILLED

SLOTS

HEAT CONDUCTED
FROM ENDS OF PLATE
TO HEATSINK OR METAL
PANEL

Figure 28. Multiline HDSP-2000 Heat Sink

Figure 29. Thermal Resistance Model for Multiline HDSP-2000 Heat Sink
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Fordisplay strings of an even number of n displays, the case
temperature of the center-most displays can be calculated
as

Tc =(n2/8) ®Pp + Ta (26)

The effectiveness of this type of heatsink can be determined
by calculating the thermal resistance of each section of bar
under each display

Ka (27)
where
L = length of bar under each display, mm
K = thermal conductivity of bar, W/mm?®°C (0.3937 W/mm°C
for copper)
a = cross sectional area of bar, mmz2
If the displays are mounted in a strip socket such as the
Robinson Nugent SB-25-100-G socket, then the bar cross
sectional area could be 6.35 mm (0.25”) thick times the
row-to-row pin spacing of the display minus 2.54 mm (.10”).
Thus, © can be calculated as shown below:

HDSP-2000 Family

0= 17.8 mm

"~ (0.3937 W/mm°C) (6.35 mm) (5.08 mm)

= 1.40°C/W (28)
HDSP-2300 Family

_ 20.3 mm

~ (0.3937 W/mm°C) (6.35 mm) (3.81 mm)

= 2.13°C/W (29)
HDSP-2490 Family

_ 356 mm

" (0.3937 W/mm°C) (6.35 mm) (12.7 mm)
= 1.12°C/W (30)

The Tc and Ty can be calculated for a 32 character HDSP-
2000 display with a copper bar mounted under the row of
displays for an ambient temperature of 85° C and the operat-
ing conditions shown in equations (13), (14), (15), and (16):
Tc =8(1.40°C/W) (1.12W) + 85°C
=98°C (31)
Adding in the junction-to-case temperature rise as shown in
equation (22), the Ty can be calculated as:
Ty =98°C +(20°C/W) (1.12W)
=98°C +22°C
=120°C (32)

INTENSITY CONTROL

Animportant consideration regarding display intensity is the
control of the intensity with respect to the ambient lighting
level. In dim ambients, a very bright display will produce very
rapid viewer fatigue. Conversely, in bright ambient situa-
tions, a dim display will be difficult if not impossible to read
and will also produce viewer fatigue and high error rates. For
this reason, control of display intensity with respect to the
environment ambient intensity is an important considera-
tion. The HDSP-2000 family of displays is ideally suited for
wide ranges of ambient lighting since the intensity of these
displays can be varied over a very wide dynamic range. The
propagation delay between the VB input and the time that the
LEDs turn on or off is under a microsecond, allowing

dynamic variations of over 2000 to 1 in display luminous
intensity at a 100 Hz refresh rate.

Figure 30 depicts a scheme which will automatically control
display intensity over a range of 10 to 1 as a function of
ambient intensity. This circuit utilizes a resettable monosta-
ble multivibrator which is triggered by the column enable
pulse. The duration of the multivibrator output is controlled
by a photoconductor. At the end of a column enable pulse,
the multivibrator is reset to insure that column current is off
prior to the initiation of a new display shift register loading
sequence. The output of this circuit is used to modulate
either the VB inputs of the HDSP-2000 displays or the
column enable input circuitry. For maximum reduction in
display power, both inputs should be modulated.

In the circuit shown in Figure 30, the photocell may be
replaced by a 50K () potentiometer to allow manual control
of display intensity.

Figure 31 shows a manually adjustable dimming circuit that
provides a very wide range of display intensity. With a 100 Hz
display refresh rate, a 4000 to 1 dynamic range of display
intensity can be achieved. The Intersil ICM7555 timer is used
as a retriggerable monostable multivibrator. The output of
the timer is used to simultaneously pulse width modulate Vs,
the display column current, and the display supply current.
Initially the 100 pF capacitor is held discharged by the timer.
At the negative transition of the trigger input the timer would
normally allow the capacitor to charge, however the 2N3906
transistor keeps the capacitor discharged until the trigger
input goes high. As soon as the trigger input goes high, the
capacitoris charged by a constant current source formed by
the RCA CA3084 transistor array. As soon as the voltage
across the capacitor reaches 2/3 Vcc the output of the timer
goes low, and the timer discharges the capacitor. The
2N3906 transistor always discharges the capacitor when the
trigger is low, therefore the output of the timer stays high if
the voltage across the capacitor never reaches 2/3 Vcc. For
the values shown, t can be varied exponentially from .5 us to
about 1900 us. Since Q1 and Q2 are monolithic transistors, t
is relatively independent of temperature.
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CLAIREX
150K CL5 PSL
/z OR 50K POT.
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TRIGGER CLR
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Figure 30. Intensity Modulation Control Using a One Shot
Multivibrator
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Figure 31. Wide Range Intensity Modulation Control and Power Switching of Display Icc to Conserve Power

Figure 31 also shows a circuit to switch Vcc of the displays
off during the time that the display is blanked. When the
2N2219A transistor is off, the LM350 provides a regulated
3A 5V output. However, when the 2N2219A transistor is
turned on, the output of the LM350 regulator is reduced to
1.2V. This reduces Icc to under 10 mA per display. Capaci-
tive loading of the regulator should be minimized as much as
possible to maximize the switching speed.

THE INTENSITY AND COLOR MATCHING

The luminous intensity and dominant wavelength of LED
displays can vary over a wide range. If there is too great a
difference between the luminous intensity or dominant
wavelength of adjacent characters in the display string, the
display will appear objectionable to the viewer. To solve the
problem, all HDSP-2000 displays are categorized for lumi-
nous intensity. The category of each display package is
indicated by a letter preceding the date code on the package.
When assembling display strings, all packages in the string
should have the same intensity category. This will insure
satisfactory intensity matching of the characters. All HDSP-
2000 family displays are categorized in overlapping intensity
categories. All characters of all packages designated to be
within a given letter category will fall within an intensity ratio
of less than 2:1. For dot matrix displays, a character-to-
character intensity ratio of 2:1 is not generally discernable to
the human eye.
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Since the human eye is very sensitive to variations in domi-
nant wavelength in the yellow and green region, all yellow
and green HDSP-2000 family displays are also categorized
for dominant wavelength. The dominant wavelength bin for
each display package is indicated by a number code follow-
ing the category letter code on the back of the package. The
dominant wavelength bins are 3.5 nm wide for yellow and 4.0
nm wide for green. These dominant wavelength variations
are generally not discernable by the human eye.

CONTRAST ENHANCEMENT

Another important consideration for optimum display
appearance and readability is the contrast between the dis-
play “ON” elements and the background. High contrast can
be achieved by placing a filter over the display. The filter, if
properly chosen, will transmit the luminance of the light
emitting elements while attenuating the luminance of the
background.

Filter choice is dependent upon the LED display package,
ambient lighting conditions and the desired front panel
appearance. For alphanumeric displays in indoor lighting
ambients a plastic or glass wavelength filter can be used. In
sunlight ambients a neutral density circular polarizer sand-
wiched between two pieces of optically coated glass is
recommended. Figure 32 lists the filter materials recom-
mended for each particular display color. For further
information please see Application Note 1015 on Contrast
Enhancement for LED Displays.



Display Ambient Lighting
Color Dim Moderate Bright
HDSP-2XX0 Homalite Homalite
Standard H100-1650 H100-1266
Red 3M Panel Film | Gray
R6510 H100-1250
Panelgraphic | Gray
Dark Red 63 | H100-1230
Ruby Red 60 | Bronze
Chequers Red | Rohm & Haas |
118 | 2074 Gray
Rohm & Haas | 2370 Bronze
2423
HDSP-2XX1 Homalite Polaroid
(Yellow) H100-1726 HNCP37
H100-1720 3M Light
3M Panel Film | Control Film
A5910 N00220
Panelgraphic | Panelgraphic
Yellow 27 Gray 15
Amber 23 Gray 10
Chequers Chequers
Amber 107 Gray 105
HDSP-2XX2 Homalite Polaroid *
(HER) H100-1670 HNCP10
3M Panel Film
R6310
Panelgraphic
Scarlet Red
65
Chequers Red
112
HDSP-2XX3 | Homalite
(HP Green) H100-1440
H100-1425
Panelgraphic
Green 48
Chequers
Green 107

Figure 32. Contrast Enhancement Filters
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APPLICATION NOTE 1017

~

LED Solid State Reliability

INTRODUCTION

The light emitting diode display technology offers many
attractive features. Among them are ability to display infor-
mation in red, yellow, green, or any combination of these
colors; high performance devices readable in direct sunlight;
and continuously variable intensity adjustment. One of the
most common reasons that LED displays are designed into
an application, however, is the high level of reliability of the
LED display. Hewlett-Packard has taken a leadership role in
setting reliability standards for LED displays and document-
ing reliability performance.

Reliability data is instrumental in choosing a device package
and optimizing the performance of that device. This applica-
tion note explains how to use the reliabilty data sheets
published for Hewlett-Packard LED indicators and displays.

LED CHIP, CONDUCTIVE
EPOXY DIE ATTACH,
BALL WIRE BOND ONTO

EPOXY ENCAPSULATION |} OF CONTACT

MAGNIFYING DOME LENS

CATHODE POST
REFLECTOR LEAD
FRAME USE ON
HIGH-EFFICIENCY RED,
YELLOW AND GREEN.

REFLECTOR DISH
COINED INTO
CATHODE POST
(NO REFLECTOR
ON STANDARD
RED DEVICES)

WEDGE
WIRE
BOND

ANODE POST.

FLAT ON SIDE OF DOME
INDICATES CATHODE

SILVER PLATED LEAD

COPPER ALLOY
LEAD FRAM; HER,
YELLOW & GREEN

(SOME STD.-RED

LAMPS HAVE SOLDER

DIPPED KOVAR CATHODE LEAD IS

LEADS) SHORTER THAN
ANODE LEAD

|
LA

The note begins with a description of LED indicator and
display packages. Device failures are defined and explained.
The parameters affecting useful life failure rate and mechan-
ical test performance are discussed. As an example, the
reliability of an LED display system is calculated.

HP Indicator and Display Packages

Hewlett-Packard has a wide variety of indicator and display
components. Indicator products include solid state lamps,
light bar annunciators, and bar graph arrays. Display pro-
ducts include numeric and alphanumeric devices.

Many LED devices have similar packaging and construction.
T-1 3/4, T-1, rectangular, and subminiature LED lamps are
epoxy encapsulated packages. Construction features of the
T-13/4lamp areillustrated in Figure 1. Hermetic LED lamps
are air-gap devices, assembled in a TO-46 package.

Large seven segment numeric displays, light bars, and bar
graph arrays are called stretched-segment packages. These
devices are manufactured using the concept of stretching
the light from an LED by diffusion and reflection. The LED
chips are mechanically supported and electrically con-
nected by a lead frame. The plastic housing, called a
“scrambler”, contains reflective cavities which act as light
pipes. These cavities are filled with a diffusant loaded epoxy
to provide uniform illumination at the emitting surface. Fig-
ure 2 illustrates the construction of a bar graph array.

CONTRAST
ENHANCEMENT
GRAY TOP
SURFACE

LIGHT
DIFFUSING
CAVITY

INTERLOCKING
MECHANISM

RUGGED LEADS .

HOUSING (0.015 in. x 0.024 in.)

Figure 1. Construction Features of T-1 3/4 Plastic LED Lamp
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Figure 2. 10 Element Bar Graph (Cutaway)
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Figure 3. Mechanical Construction of a Monolithic Display Constructed on a PC Board with a Non-Immersion Lens

Monolithic displays include bargraph, numeric, and alpha-
numeric devices. Individual light emitting segments are
formed by diffusing separate LED junctions into a single
chip. In most cases, the monolithic display is magnified by
an external lens. Monolithic displays can be classified into
two basic categories according to whether the lens is of the
immersion or non-immersion type. Immersion lenses are
formed by molding an epoxy lens directly over the LED chip.
Non-immersion lenses have a layer of air between the LED
chip and the separately cast epoxy lens. Construction fea-
tures of a monolithic display with non-immersion lens is
shown in Figure 3.

GLASS WINDOW

INTEGRATED CIRCUIT
CONTAINING BCD DATA
LATCH/DECODER/

LED DRIVERS LEDs ARRANGED IN

Q A MODIFIED 4x7 DOT
MATRIX FONT

DARK SURFACE
PROVIDES POSITIVE
ON/OFF CONTRAST

HERMETIC SEAL AT
SUBSTRATE RIM
WALL-TO-GLASS
INTERFACE

EXTERNAL LEADS,
BRAZED TO BACK

OF SUBSTRATE CERAMIC SUBSTRATE

Figure 4. Construction Features of a Hermetic OBIC LED Display

Hewlett-Packard’s dot matrix numeric displays have a modi-
fied 4x7 dot matrix font. This font allows both decimal
numeric and hexadecimal devices. These devices feature an
on-board integrated circuit (OBIC) which functions as a
latch/decoder/driver. Construction features of the hermetic
dot matrix numeric device are shown in Figure 4. In addition
to the hermetic package, epoxy sealed and epoxy encapsu-
lated packages are available for the dot matrix numeric

* displays.
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The dot matrix alphanumeric display was designed by
Hewlett-Packard to provide a high resolution information
display subsystem. Each character of the four character
package consists of a 5x7 array of LEDs which can display a
full range of alphanumeric characters and other symbols
(see Figure 5). Hewlett-Packard dot matrix alphanumeric
displays provide on-board storage of decoded data plus
constant current sinking drivers foreach of the 28 rows in the
four character display. These hermetic and epoxy sealed
displays have construction features similar to the dot matrix
numeric devices.

e

Figure 5. HDSP-2450 Series of Hermetic, Ext

Range 5x7 Alphanumeric Displays
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LED FAILURE RATE CHARACTERISTICS

Failure is defined as termination of the capability to perform
intended functions. An understanding of how LED displays
fail is essential to improving the reliability of the displays as
well as that of the systems in which they are used.

LED devices can experience either parametric or catastro-
phic failure modes. A parametric failure occurs when the
device fails to meet data sheet electrical or optical specifica-
tions. A parametric failure will not generally cause display
system failure with typical drive circuits. Intensity degrada-
tion is an example of a parametric failure mode and is
discussed later in this application note.

Catastrophic failures are defined as parameters exceeding
data sheet limits to a degree which would cause display
system failure. Catastrophic failures in lamps, stretched
segment, and monolithic displays resultin dim or unlit LEDs.
The cause or failure mechanism for dim or unlit LEDs can be
defective wire bonds, lifted LED die, cracked, or chipped
LEDs. Failure mechanisms in dot matrix displays also
include IC failures which result in incorrect font or input/
output lines which do not meet electrical specifications.

Failure rate can be defined as the percent device failures per
unit time of operation. Mean time between failure, MTBF, is
simply the reciprocal of failure rate and is expressed in
hours. Operating life of an LED display can be divided into
three time periods each with a characteristic failure rate.
Figure 6 shows the burn-in period, useful life period, and
wearout period of operating life. During the burn-in or infant
mortality period, failure rate decreases as weak components
fall out.

Early Weerout
failures | Random failures at low, constant failure rate foilures

Burmin Useful life period Wesrout

— g Failure rate, A
i
g

§t

~——=  Openting life

Figure 6. Typical Failure Rate Curve

During the useful life period which follows, failures occur at
a low, constant rate. The failures that do occur are truly
random and cannot be prevented by additional testing or
burn-in of the components. Figure 7 presents useful life
failure rates representative of LED lamps, stretched
segment, monolithic, dot matrix numeric, and dot matrix.
alphanumeric displays. The format of Figure 7 is identical to
the “Life Test” section of Hewlett-Packard’s Reliability Data
Sheets. The test conditions represent maximum allowable
stress in order to generate worst-case failure rates. Total
hours tested is the product of units tested times test hours/
unit. The point failure rate is simply the number of failures
divided by the total device hours. Units for failure rate are
percent failures per 1000 hours of operation. If no failures
occur during testing, the point failure rate is calculated
assuming one failure.

Point 90% Confidence
Failure Failure
Test Units Total Rate Rate
Device Description Conditions!V] | Tested | Hours | Failed | % per 1K Hrs21 | % per 1K Hrs.[2]
HLMP-3750 | Lamp Ta=55°C 16,270 |17,275,630 1 0.006 0.023
Ir = Max.
HDSP-4830 | 10 Element Ta=55°C 410 2,080,856 0 0.048 0.111
Bar graph IF = Max.
All Seg. On
HDSP-6508 | Monolithic Ta=55°C 223 884,000 0 0.113 0.260
Alphanumeric | IF = Max.
8 Character Pavg = 123 mW
Display Char
4N51 Dot- Ta=100°C 576 806,000 0 0.124 0.285
Matrix Numeric Cycle
Numeric Vcec =5.0V
HDSP-2000 | Dot- Ta=70°C 360 870,000 3 0.345 0.768
Matrix Vce = Vb = 5.25V
Alphanumeric | Vcol = 3.5V
Four Character | Pavg =210 mW
Display Char
NOTES:

1. Ta is ambient temperature during testing. Ir is the average forward current per LED. Vcc is the supply voltage. 5.25V is maximum
recommended blanking input voltage, Vb. 3.5V is maximum recommended column voltage, Vcol.
2. Failure rate per package.

Figure 7. LED Useful Life Failure Rates
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Reliability data sheets specify 90% confidence level failure
rate in addition to point failure rate. LED displays like other
semiconductor devices have extremely low failure rates dur-
ing useful life. As a result, very few device failures are
experienced during reliability testing. Statistics tell us that
the more device failures that can be generated during relia-
bility testing, the closer the experimental failure rate is to the
true device population average failure rate. For instance, if
no device failures are generated during reliability testing, the
true device failure rate may be very different than the point
failure rate. The 90% confidence level failure rate means
there is a 90% probability that the actual failure rate of a
device will be better than the stated value. Hence, the 90%
confidence level failure rate gives more confidence in relia-
bility calculations than the point failure rate. The 90%
confidence level failure rate is based on the statistics of the
distribution of failures. The assumed distribution of failures
is exponential versus time. This particular distribution is
commonly used in describing useful life failures in LED
devices and other semiconductor components.

Figure 7 illustrates that failure rate is related to package
design and package complexity. Of the epoxy encapsulated
devices, the 10 element bargraphs have a point failure rate
that is about an order of magnitude larger than LED lamps.
However, the HDSP-4830 10 element bar graph array has 10
times as many LED die as the HLMP-3750 lamp. The 8
character HDSP-6508 air-gap package has a comparable
failure rate to the epoxy encapsulated HDSP-4830 though
the HDSP-6508 has 144 wire bonds and the HDSP-4830 has
10 wire bonds. The construction of the 4N51 and HDSP-
2000 displays yields an impressive useful life failure rate with
acomparatively large number of LED die per character. Note
that the 4N51 is a single character device while the HDSP-
2000 is a four character package.

FAILURE RATE PREDICTION

To obtain useful life failure rates in a reasonable amount of
time, a higher-than-normal stress is applied to a sample
quantity of devices known to represent the device popula-
tion. This is known as accelerated life testing. The most
common stress factor used is temperature. Failure rate pre-
diction is the estimation of normal operating temperature
failure rates based on maximum operating temperature fail-
ure rate.

The Arrhenius Model is an experimentally proven mathemat-
ical expression for failure rate prediction. The model
includes the effect of temperature and the activation energy
of a failure mechanism, permitting it to be used to predict

failure rates at normal operating temperatures based on
tests performed at above-normal device junction
temperatures:

E | |
AM=xe K\Ti T2

where A1 = failure rate at junction temperature T1
A2 = failure rate at junction temperature T2
T = junction temperature in °K
E = thermal activation energy in electron volts (eV)
K = Boltzman’s constant (8.617 x 1075 eV/°K)

Recall that °)K=°C + 273

Application of the Arrhenius Model requires calculation of
device junction temperature both for the reliability test and
for the actual field operating conditions. LED junction
temperature is a function of ambient temperature, power
dissipated in the junction, and thermal resistance:

T=Ta+ Pp (R6y-a)

where T = LED junction temperature in °C
Ta = ambient temperature in °C
Pp = power dissipated in LED junction in watts
R6y-A = thermal resistance junction-to-ambient in
°C/W.

Activation energy is a constant which defines the
dependence of failure rate on junction temperature for a
failure mechanism. Several failure mechanisms exist for
LED indicators and displays. Failure rate predictions on
Hewlett-Packard’s reliability data sheets are conservatively
based on a failure mechanism with small activation energy.
Using the smallest activation energy for failure rate
prediction brings about the largest failure rates at any
junction temperature below the tested condition.
Interconnection failure mechanisms, such as defective wire
bonds, have the smallest activation energy of typical LED
device failure mechanisms. MIL-HDBK-217C specifies an
activation energy of 0.43eV for interconnection failure
mechanisms in hybrid microelectronics. A 0.43eV activation
energy is used for failure rate prediction in Hewlett-
Packard’s reliability data sheets for indicators and displays.

Figure 8 shows the predicted improvementin failure rate and
MTBF that can be realized by reducing the junction tempera-
ture of the 4N51 series of displays. The failure rate and the
MTBF improve by over an order of magnitude as ambient
temperature is reduced from 100° C to 30°C.

Point
Ambient Junction Failure Rate/
Temperature -°C Temperature - °C MTBF - Hours 1K Hours Operation
100 130 806,000 0.124%
90 120 1,108,000 0.090%
80 110 1,549,000 0.065%
70 100 2,205,000 0.045%
60 90 3,200,000 0.031%
50 80 4,745,000 0.021%
40 70 7,199,000 0.014%
30 60 11,201,000 0.009%

Figure 8. Failure Rate Prediction for LED Dot Matrix Numeric Displays
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Reducing the product of power dissipated and thermal res-
istance can have effects on reliability similar to reducing
ambient temperature. Blanking the display wherever possi-
ble can reduce junction temperature significantly.
Junction-to-ambient thermal resistance is the sum of
junction-to-case plus case-to-ambient thermal resistance.
Junction-to-case thermal resistance is defined by the dis-
play package design and is specified on the device data
sheet. The display system designer, however, has control
over case-to-ambient thermal resistance. For devices such
as lamps, stretched-segment, and monolithic devices, the
primary thermal path from the LED junction is through the
device cathode leads. Providing a maximum printed circuit
board trace width to the cathode lead is one way to reduce
thermal resistance in these devices. Heat-sinking the sub-
strate of dot matrix devices is a technique that will improve
their reliability.

DISPLAY SYSTEM RELIABILITY

Reliability is defined as the probability that a device will
perform its intended function for a specified period of time
under stated conditions. When failure rate remains constant,
as in the useful life period, display system reliability may be
predicted by the exponential distribution:

R=etA +A2+A3+.)

where R = reliability or probability of survival
t = mission time or actual utilization time(
Ai = component (i) useful life failure rate

As an example, the useful life reliability of the LED display
system in Figure 9 will be calculated.This eight digit numeric
display uses Hewlett-Packard’s 4N51 series of dot matrix
displays. The on-board-integrated-circuitry on these devi-
ces minimizes display system component count. On-board
circuitry includes a latch, a BCD to dot matrix decoder, and
LED drivers.

For this example let us assume that the display system in
Figure 9 will be operational 8 hours/day and 5 days/week for
5 years. Mission time can then be calculated:

8 hrs.\ [ 5 days | [ 52 weeks
t= (5 years)
day week year

t=10.40K hrs.

Let us also assume that the display system will be used in
ambient temperature of 55° C. The next step is to calculate
the sum of the individual component failure rates. From
Figure 8 the point failure rate for each of the 4N51 series
displays is 0.026% per 1000 hours of operation at 55°C
ambient. Point failure rate for each of the LSTTL
components is .007% per 1000 hours of operation.[2] Point
failure rate for the microcomputer is .043% per 1000 hours of
operation.[3] The sum of individual component failure rates,
Atotal is then:

Atotal = (.043%/1K hrs.) +2(.007%/1K hrs.) + 8(.026%/1K hrs)
Atotal = .265%/1K hrs.

The probability of survival of the 8 digit LED display system
is then:

R = et ota) = 97%

[MIMission time cannot exceed the useful life of any component
when calculating system reliabilty.

[211981 cumulative data for LSTTL components from Texas
Instruments. A .43 eV activation energy is assumed.

[BIData taken from Intel reliability report RR-25, December, 1979.
A .3 eV activation energy is assumed.

4N51

LED
DISPLAYS

HEX BUS
DRIVER
RAM 5
ADDRESS ~ 7
7418367
INTEL
DATA 8 8048
IN 771 meu . . cer . . .
. . .
- 3-70-8 o - -
cHip DECODER
cHIP
SELECT I J
READY <—of

74L8138

Figure 9. 4N51 Display System



INTENSITY DEGRADATION
Intensity degradation is a long term wearout mechanism in
LED displays. Hewlett-Packard defines a 50% reduction in

intensity as a parametric failure mode. A 50% change in
intensity is one that the human eye can easily recognize. [
Figure 10 presents normalized luminous intensity vs. stress 2 A
time for red LED displays. Figure 10 represents averaged ; 09
data because the rate of intensity degradation is not identical g i a—
forall LEDs. The logarithmic stress time axis implies that the 2 s
rate of intensity degradation decreases as time increases. S
Even curve D, which represents operation at 200% of maxi- § 07 °
mum ratings, does not bring about noticeable degradation 5 A: 20 mA, 25°C
after 10,000 hours stress time. Curves A and B indicate that g 06 B:50mA,25°C |
increased current density results in more rapid degradation. § g ;"30"‘;,‘,;?35& $
Curves B and C indicate that junction temperature has little 5
INITIAL 100 1000 10,000

effect on rate of degradation. Curve C represents degrada-
tion at absolute maximum drive levels. Curves A through D
are for direct drive of LEDs. Strobed operation brings about
approximately equal rates of degradation for equal average
currents. When Hewlett-Packard displays are driven at max-
imum rated current, the rate of high efficiency red and green
degradation is about the same as the rate of red. Yellow
degradation is about two times the rate of red.

MECHANICAL AND ENVIRONMENTAL TESTS
Reliability data sheets for Hewlett-Packard’s standard
products include life test data, failure rate prediction,
mechanical, and environmental test performance. Tests are
performed in accordance with the latest revisions of MIL-
STD-750 and MIL-STD-883. Mechanical and environmental
test data for the Hewlett-Packard 5082-7350 dot matrix
numeric display is given in Figure 11. The 5082-7350 is an
epoxy sealed, air-gap package.

STRESS TIME (HOURS)

Figure 10. Intensity Degradation vs. Stress Time

Mechanical tests are performed to insure package integrity.
Solderability determines the ability of the device to be sol-
dered via conventional techniques. With no preparatory
cleaning the device leads are immersed in flux for 5 to 10
seconds, then into molten solder which has been stabilized
to 260° C. After immersion in a solder bath for the specified
time and cooling for 5 minutes, devices are examined using
10X magnification. Pinholes and voids must not be concen-
trated in one area and must not exceed 10% of the total area.

MIL-STD-883 Units Total
Test Reference Test Conditions Tested Failed
Solderability 2003 Sn 60, Pb 40 Solder at 260° C for 5 sec. 25 0
Temperature 1010 500 cyc., -55 to 100°C 45 0
Cycling electrical & leak failures
Thermal 1011 50 cycles, 0 to 100° C, 3 sec transfer 25 0
Shock
Moisture 1004 10 days, 90-98% RH, 25 0
Resistance -10 to 65°C, non-op
Shock 2002 5 blows each X1, Y1, Z1 axis 25 0

1500g .5 msec.

Vibration, 2007 3, 4 min cycles each X, Y, Z axis at 20g min 25 0
Variable 20 to 2000 Hz
Frequency
Constant 2001 20,000 g's, Y1 axis, 1 minute 25 0
Acceleration
Terminal 2004 Condition B2, 3 bends > 15° 25 0 2
Strength =
Salt 1009 35°C fog for 24 hours 25 0 3
Atmosphere E
Electrostatic 3015 5 discharges each pin 5 0
Discharge 1000V, 5000, 300 pF

Figure 11. Mechanical Tests 5082-7350 Series Displays
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Temperature cycling tests are performed to define a ther-
momechanical life. Various parts of the optoelectronic
device are in contact such as the substrate, LED die, and
bond wires. If coefficients of thermal expansion are not well
matched, temperature changes are accompanied by physi-
cal strain. The magnitude of the physical strain increases as
the magnitude of the temperature excursion increases.
Probability of failure increases with the number of tempera-
ture cycles. Seven segment displays have less than 1%
failure after 500 cycles from -40 to +85° C. Air-gap packages
such as the 5082-7350 offer improved temperature cycling
performance over epoxy encapsulated displays. With no
encapsulant epoxy, there is less physical strain on wire
bonds and die attachments.

The thermal shock test exposes devices to alternate
extremes in temperature. Parts are transfered from liquid at
0°C to liquid at 100°C. Airgap packages can withstand a
larger number of thermal shocks than epoxy encapsulated
devices.

If the device package material is not impervious to the diffu-
sion of water vapor, long term exposure to high humidity will
eventually subject the active elements to high humidity.
Humidity can lead to failure from corrosion of the active
elements or from increased surface leakage currents. The
moisture resistance test achieves accelerated effectiveness
through temperature cycling. Temperature cycling provides
alternate periods of condensation and drying which accel-
erate the development of corrosive processes.

Hermetic LED displays are packaged using a glass to metal
or glass to ceramic seal. These products are impervious to
moisture and meet hermeticity testing to prescribed levels.
In addition, Hewlett-Packard makes displays which have an
epoxy seal such as the 5082-7350 and the dot matrix alpha-
numeric displays. These displays are also capable of pass-
ing fine and gross leak hermeticity tests.

740

The shock test determines the ability of LED components to
withstand shock of the same severity as that produced by
collision impacts, near-miss gunfire, or underwater explo-
sions. A 1500 G shock would be approximately equal to the
shock that a device would experience if it were mounted toa
rigid, 40 pound enclosure and dropped from three feet onto
a concrete floor.

Vibration and acceleration tests expose parts to the pre-
dominant frequency ranges and magnitudes that may be
encountered during field service.

In addition to standard LED display products, Hewlett-
Packard offers a high-reliability product line. Special
electrical and mechanical testing is performed on standard
Hewlett-Packard displays to comply with the requirements
of the U.S. Military qualified parts list, Hewlett-Packard
defined specifications, or customer defined specifications.
The special testing can be performed on a lot qualification
basis, 100% screen, or acombination of lot qualification and
100% screen. Based on estimates in MIL-HBDK-217C, lot
qualification testing can improve useful life failure rates by
as much as five-fold. One hundred percent screening is
designed to eliminate infant failures.

Display components can have significantimpact on the reli-
ability of an electronic system. System reliability is a
function of the sum of individual component failure rates. It
takes a combination of good design, quality pieceparts, and
tightly controlled production processes to yield reliable dis-
play components. Components which appear to have the
same design may have very different mechanical and operat-
ing life performance characteristics. Hewlett-Packard has
reliability data sheets available for indicator and display pro-
ducts from your local field sales office.
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~ HP Components

Authorized Distributor
And Representative Directory

United States
Alabama

Hall-Mark Electronics
4900 Bradford Drive
Huntsville 35805
(205) 837-8700

Hamilton/Avnet

4812 Commercial Drive
Huntsville 35805
(205) 837-7210 ~

Schweber Electronics
2227 Drake Avenue, S.W.
Suite 14

Huntsville 35805

(205) 882-2200..

Arizona

Hamilton/Avnet
505 South Madison
Tempe 85281

(602) 231-5100

Wyle Distribution Group
8155 North 24th Avenue
Phoenix 85021

(602) 249-2232

in Tucson (602) 884-7082

California

Hamilton/Avnet

4103 Northgate Blvd.
Sacramento 95834
(916) 925-2216

Hamilton/Avnet
4545 Viewridge Avenue
San Diego 92123
(714) 571-7510

Hamilton/Avnet
1175 Bordeaux -Drive
Sunnyvale 94086
(408) 743-3355

Hamilton Electro Sales
3170 Pullman Street
Costa Mesa 92626

(714) 641-4100

Hamilton Electro Sales
10950 W. Washington Blvd.
Culver City 90230

(213) 558=-2121

Schweber Electronics
21139 Victory Boulevard
Canoga Park 91303

(213) 999-4702

Schweber Electronics
17811 Gillette Avenue
Irvine 92714

(714) 556-3880

Schweber Electronics
1771 Tribute Road
Suite B

Sacramento 95815
(916) 929-9732

California (cont.)

Schweber Electronics
3110 Patrick Henry Drive
Santa Clara 95050

(408) T748-4700

Wyle Distribution Group
124 Maryland Street

E1l Segundo 90245

(213) 322-8100

Wyle Distribution Group
17872 Cowan Avenue
Irvine 92714

(714) 641-1611

Wyle Distribution Group
9525 Chesapeake Drive
San Diego 92123

(714) 565-9171

Wyle Distribution Group
3000 Bowers: Avenue
Santa Clara 95052

(408) 727-2500

Colorado

Hamilton/Avnet
8765 East Orchard
Suite 708
Englewood 80111
(303) 740-1000

Wyle Distribution Group
451 E. 12th Avenue
Thornton 80241

(303) 457-9953

Connecticut

Hamilton/Avnet
Commerce Drive
Commerce Industrial Park
Danbury 06810
(203) 797-2800

Schweber Electronies
Finance Drive

Commerce Industrial Park
Danbury 06810

(203) 792-3500

Florida

Hall-Mark Electronics
1671 W. McNab Road
Ft. Lauderdale 33309
(305) 971-9280

Hall-Mark Electronies
7233 Lake Ellenor Drive
Orlando 32809

(305) 855-4020

Hall-Mark Electronics
9455 Koger Boulevard, N.
Suite 107

St. Petersburg 33702
(813) 576-8691
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Florida (cont.)

Hamilton/Avnet Electronics
6801 N.W. 15th Way

Ft. Lauderdale 33309

(305) 971-2900

Hamilton/Avnet

3197 Tech Drive No.
St. Petersburg 33702
(813) 576-3930

Schweber Electronics
181 Whooping Loop
AltaMonte Springs 32701
(305) 331-7555

Schweber Electronics
2830 N. 28th Terrace
Hollywood 33020
(305) 927-0511

Georgia

Hall-Mark Electronics
6410 Atlantic Boulevard
Suite 115

Norcross 30071

(404) 447-8000

Hamilton/Avnet
5825 D. Peachtree.Corners East
Norcross 30092
(404) 4u47-7507

Schweber Electronics
303 Research Drive
Suite 210

Norcross 30092

(404) 449-9170

Illinois

Hall-Mark Electronics
1177 Industrial Drive
Bensenville 60106
(312) 860-3800

Hamilton/Avnet

1130 Thorndale Avenue
Bensenville 60106
(312) 860-7700

Schweber Electronics
1275 Brummel Avenue

Elk Grove Village 60007
(312) 364-3750

Indiana

Hamilton/Avnet
485 Gradle Drive
Carmel 46032
(317) 844-9333

Pioneer-Standard

6408 Castleplace Drive
Indianapolis 46250
(317) 849-7300
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Schweber Electronics

5270 North Park Place N.E

Cedar Rapids 52402
(319) 373-1417

Kansas

Hall-Mark Electronics
10815 Lakeview Drive
Lenexa 66219

(913) 888-U4T4T

Hamilton/Avnet

9219 Quivira Road
Overland Park 66215
(913) 888-8900

Maryland

Hall-Mark Electronics
6655 Amberton Drive
Baltimore 21227

(301) 796-9300

Hamilton/Avnet
6822 Oak Hall Lane
Columbia 21045
(301) 995-3500

Schweber Electronics
9218 Gaither Road
Gaithersburg 20760
(301) 840-5900

Massachusetts

Hamilton/Avnet

50 Tower Office Park
Woburn 01801

(617) 273-7500

Schweber Electronics
25 Wiggins Avenue
Bedford 01730

(617) 275-5100

Michigan

Hamilton/Avnet

2215 29th Street S.E.
Grand Rapids 49508
(616) 243-8805

Hamilton/Avnet

32487 Schoolcraft Road

Livonia 48150
(313) 522-4700

Pioneer-Standard
13485 Stamford
Livonia 48150
(313) 525-1800

Schweber Electronics
33540 Schoolcraft Road
Livonia 48150

(313) 525-8100

Minnesota

Hall-Mark Electronics
7838 12th Avenue, So.
Bloomington 55420
(612) 854-3223

Hamilton/Avnet
10300 Bren Road E.
Minneapolis 55343
(612) 932-0600

Schweber Electronics

7402 Washington Avenue, So.

Eden Prairie 55344
(612) 941-5280

Missouri

Hall-Mark Electronics
13789 Rider Trail
Earth City 63045
(314) 291-5350

Hamilton/Avnet

13743 Shoreline Court
Earth City 63045
(314) 344-1200

New Hampshire

Schweber Electronics
Bedford Farms, Bldg. 2

Kilton & South River Road

Manchester 03150
(603) 625-2250

New Jersey
Hall-Mark Electronics

Springdale Business Center

2091 Springdale Road
Cherry Hill 08003
(609) 424-7300

Hall-Mark Electronics
116 Fairfield Road
Fairfield 07006

(201) 575-4415

Hamilton/Avnet
1 Keystone Avenue
Cherry Hill 08003
(609) 424-0100

Hamilton/Avnet
10 Industrial Road
Fairfield 07006
(201) 575-3390

Schweber Electronics
18 Madison Road
Fairfield 07006
(201) 227-7880

New Mexico

Hamilton/Avnet
2524 Baylor S.E.
Albuquerque 87106
(505) 765-1500

New York

Hamilton/Avnet
16 Corporate Circle
East Syracuse 13057
(315) 437-2641

Hamilton/Avnet
5 Hub Drive

Melville 11746
(516) 454-6060

Hamilton/Avnet

333 Metro Park Drive
Rochester 14623
(716) 475-9130

Schweber Electronics
2 Townline Circle
Rochester 14623
(716) 424-2222

Schweber Electronics
Jericho Turnpike
Westbury 11590

(516) 334-T4T4
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North Carolina

Hall-Mark Electronics

1208 Front Street, Bldg. K
Raleigh 27609

(919) 832-4465

Hamilton/Avnet
2803 Industrial Drive
Raleigh 27609
(919) 829-8030

Schweber Electronics
5285 North Boulevard
Raleigh 27604
(919) 876-0000

Ohio

Hall-Mark Electronics
175 Alpha Park
Highland Heights 44143
(216) 473-2907

Hall-Mark Electronics
6130 Sunbury Road
Westerville 43081
(614) 891-4555

Hamilton/Avnet
4588 Emery Industrial Parkway
Cleveland 44128
(216) 831-3500

Hamilton/Avnet

945 Senate Drive
Dayton, Ohio 45459
(513) 433-0610

Pioneer-Standard

4800 East 131st Street
Cleveland 44105

(216) 587-3600

Pioneer-Standard

4433 Interpoint Boulevard
Dayton 45404

(513) 236-9900

Schweber Electronics
23880 Commerce Park Road
Beachwood 44122

(216) u464-2970

Schweber Electronics
7865 Paragon Road
Suite 210

Dayton, 45459

(513) 439-1800

Oklahoma

Hall-Mark Electronics

5460 South 103rd E. Avenue
Tulsa 74145

(918) 665-3200

Schweber Electronics
4815 S. Sheridan
Suite 109

Tulsa 74145

(918) 622-8000

Oregon

Hamilton/Avnet

6024 S.W. Jean Road
Bldg. C, Suite 10
Lake Oswego 97034
(503) 635-8831

Wyle Distribution Group

5289 N.E. Elam Young Parkway
Suite E-100

Hillsboro 97123

(503) 640-6000
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Pennsylvania

Pioneer-Standard
259 Kappa Drive
Pittsburgh 15238
(412) 782-2300

Schweber Electronics
101 Rock Road
Horsham 19044
(215) 441-0600

Schweber Electronics
1000 RIDC Plaze
Suite 203

Pittsburg 15238
(412) 782-1600

Texas

Hall-Mark Electronics
12211 Technology
Austin 78759

(512) 258-8848

Hall-Mark Electronics
11333 Pagemill Drive
Dallas 75231

(214) 341-1147

Hall-Mark Electronics
8000 Westglen
P.0. Box 42190
Houston 77042
(713) 781-6100

Hamilton/Avnet
2401 Rutland
Austin 78758
(512) 837-8911

Texas (cont.)

Hamilton/Avnet
3939 Ann Arbor
Houston 77063
(713) 780-1771

Hamilton/Avnet

2111 W. Walnut Hill Lane
Irving 75062

(214) 659-4111

Schweber Electronics
111 W. Anderson Lane
Suite 209

Austin 78752

(512) 458-8253

Schweber Electronics
4202 Beltway Drive
Dallas 75234

(214) 661-5010

Schweber Electronics
10625 Richmond Avenue
Suite 100

Houston 77042

(713) 784-3600

Utah

Hamilton/Avnet

1585 West 21st S.
Salt Lake City 84119
(801) 972-2800

Utah (cont.)

Wyle Distribution Group
1959 S. 4130 West

Unit B

Salt Lake City 84104
(801) 974-9953

Washington

Hamilton/Avnet
14212 N.E. 21st Street
Bellevue 98006
(206) 453-5844

Wyle Distribution Group
1750 132nd Avenue, N.E.
Bellevue 98005
(206) 453-8300

Wisconsin

Hall-Mark Electronics
9625 South 20th Street
Oakcreek 53154
(414) 761-3000

Hamilton/Avnet
2975 Moorland Road
New Berlin 53151
(414) 784-4510

Schweber Electronics
150 S. Sunnyslope
Suite 120

Brookfield 53005
(414) 784-9020

International

Australia

STC~Cannon Components Pty. Ltd.
CnR Montague Road & Victoria St.

West End
Brisbane. Queensland 4101
(61) 07 44 6667

STC-Cannon Components Pty. Ltd.

Unit 2

66 Humphries Terrace
Kilkenny

South Australia 5009
(61) 08 268 7088

STC-Cannon Components Pty. Ltd.

605 Gardeners Road
Mascot, New South Wales 2020
(61) 02 693 1666

STC-Cannon Components Pty. Ltd.

248 Wickham Road
Moorabbin
Victoria 3189
(61) 03 555 9566

STC-Cannon Components Pty. Ltd.

396 Scarborough Beach Road
Osborne Park

Western Australia 6017
(61) 09 444 0211

VSI Electronics Pty. Ltd.
Office 8

116 Melbourne Street
North Adelaide

South Australia 5006

(61) 08 267 4848

VSI Electronics Pty. Ltd.
11th Floor

United Dominion Building
127 Creek Street
Brisbane, Queensland 4000
(61) 07 229 8827

VSI Electronies Pty. Ltd.
Suite 3

118 Church Street
Hawthorn, Victoria 3122
(61) 03 819 5044

Australia (cont.)

VSI Electronics Pty. Ltd.
Unit 1

25 Brisbane Street

East Perth, W.A. 6000
(61) 09 328 8499

VSI Electronies Pty. Ltd.
28 Chandos Street
St. Leonards, Sydney 2065
(61) 02 439 8622

Austria

Transistor V.m.b.H
Auhofstr. U41a
A-1130 Wien

(43) 222 829451
(43) 222 829404

Belgium

Diode Belgium
Rue Picard 202
1020 Bruxelles
(32) 2 4285105

Brazil

Datatronix Electronica LTDA
Av. Pacaembu, T46-C11

Sao Paulo

(55) 11 8260111

Canada

Hamilton/Avnet

Electronics Ltd.

6845 Rexwood Drive

Units 3, 4 & 5

Mississauga, Ontario L4V 1R2
(416) 677-7432

746

Canada (cont.)

Hamilton/Avnet
Electronics Ltd.

2670 Sabourin Street

St. Laurent

Montreal, Quebec H4S 1M2
(514) 331-6443

Hamilton/Avnet
Electronics Ltd.

210 Colonnade Road So.
Nepean, Ontario KTE TL5
(613) 226-1700

Zentronics, Ltd.

8 Tilbury Ct.

Brampton, Ontario L6T 3T4
(416) 451-9600

Zentronics, Ltd.

Bay #1

3300 14th Avenue, N.E.
Calgary, Alberta T2A 6J4
(403) 272-1021

Zentronics, Ltd.

141 Catherine Street
Ottawa, Ontario K2P 1C3
‘A13) 238-6411

Zentronics, Ltd.

505 Locke Street

St. Laurent

Montreal, Quebec H4T 1X7
(514) 735-5361

Zentronics, Ltd.
108-11400 Bridgeport Road
Richmond, B.C. V6X 1T2
(604) 273-5575

Zentronics, Ltd.

546 Weber Street, N.

Unit 10

Waterloo, Ontario N2L 5C6
(519) 884-5700

Zentronics, Ltd.

590 Berry Street

Winnipeg, Manitoba R3H 031
(204) 775-8661



Denmark

Interelko A.P.S.
SILOVEJ

2690 Karlslunde
(45) 3 140700

Finland

Field-0Y
Venheentekijantie 18
00210 Helsinki 21
(35) 80 6922 577

France

Almex

Zone Industrielle d'Antony
48, rue de 1'Aubepine
92160 Antony

(33) 1 6662112

F. Feutrier

8, Benoit Malon
92150 Surensnes
(33) 1 7724646

F. Feutrier

Rue de Trois Glorievses
42270 St. Priest En Jarez
(33) 77 7746733

S.C.A.I.B.

80 rue d'Arcueil
Zone Silic

94150 Rungis
(33) 1 6872313

Germany

Distron
Behaimstr. 3
D-1000 Berlin 10
(49) 30 3421041

EBV Elektronik
Oberweg 6

D-8025 Unterhaching
(49) 89 611051

Ingenieurbuero Dreyer
Flensburger Strasse 3
D-2380 Schleswig

(49) 4621 23121

Jermyn GmbH
Postfach 1180
D-6277 Camberg
(49) 6434 231

SASCO

8011 Putzbrunn
Hermann-Oberth-StraBe 16
Munich

(49) 089 46111

Hong Kong

CET LTD.

1402 Tung Wah Mansion
199-203 Hennessy Road
Wanchai

(852) 5 729376

India

Blue Star Ltd. (REP)
Sabri Complex II Floor
24 Residency Road
Bangalore 560 025

Tel: 55660

Blue Svar Ltd. (REP)
Sahas

414/2 Vir Savarkar Marg
Prabhadevi

Bombay 400 025

Tel: U422-6155

India (cont.)

Blue Star Ltd. (REP)
Bhandari House,
7th/8th Floors

91 Nehru Place

New Delhi 110 024
Tel: 682547

Israel

Motorola Israel Ltd.
Electronics and Engineering
16 Kremenetski Street

P.0. Box 25016

Tel Aviv 67899

(972) 3 338973

Italy

Celdis Italiana S.p.A.
Via F. LL Gracchi, 36
20092 Cinisello Balsamo

Milano
(39) 2 6120041

Eledra S.p.A.
Viale Elvezia 18
20154 Milano
(39) 2 349751

Japan

Ryoyo Electric Corporation
Meishin Building

1-20-19 Nishiki

Naka-Ku, Nagoya, 460

(81) 52 2030277

Ryoyo Electric Corporation
Taiyo Shoji Building

4-6 Nakanoshima

Kita-Ku, Osaka, 530

(81) 6 4481631

Ryoyo Electric Corporation
Konwa Building

12-22 Tsukiji, 1-Chome
Chuo-Ku, Tokyo

(81) 3 543771

Tokyo Electron Company, Ltd.
Sinjuku-Nomura Building
Tokyo 160

(81) 3 3434411

Korea

Samsung Electronics Co., Ltd.

Industrial Products Division

76-561 Yeoksam-Dong Kangnam-Ku

Seoul
(82) 2 555 7555

Netherlands

Koning En Hartman
Elektrotechniek BV
Koperwerf 30

2544 En Den Haag
(31) 70 210101

New Zealand

VSI Electroniecs Pty. Ltd.
7-9 Kirk Street

Grey Lynn, Auckland

(64) 9761169

VSI Electronics Pty. Ltd.
P.0. Box 11145
Wellington

(64) 4848922

747

New Zealand (cont.)

VSI Electronics Pty. Ltd.
295 Cashel Street
Christchurch

(TBA)

Norway

HEFRO Teknisk A/S

P.0O. Box 6596, Rodeloekka
Oslo 5

(47) 02 380286

Singapore

Dynamar International Ltd.
Unit 05-11 Block 6

Kolam Ayer Industrial Estate
Singapore 1334

(65) T47-6188

So. Africa

Fairmont Electronics Pty. Ltd.

P.0O. Box 41102
Craighall 2024
Transvaal

(27) 11 7891230/4

Spain

Diode Espana

Avda. Brasil 5, 1st Planta
Madrid 20

(34) 91 455 3686

Sweden

TRACO AB

Box 103

123 22 Farsta
(46) 8 13 21 60

Switzerland

Baerlocher AG
Foerllibuckstrasse 110
CH-8037 Zuerich

(41) 1 429900

Fabrimex
Kirchenweg 5
CH-8032 Zuerich
(41) 1 470670

United Kingdom

Celdis Ltd.

37-39 Loverock Road
Reading, Berkshire
RG3 1ED

(44) 734 585171

Jermyn-Mogul Distribution
Vestry Estate

Otford Road

Sevenoaks, Kent

TN14 5EU

(44) 732 50144

Macro Marketing Ltd.
Burnham Lane

Slough, Berkshire
SL1 6LN

(Ul4) 628 64422

Yugoslavia

Elektrotehna

Tozd Elzas N. Sol. O.
Titova 81

61001 Ljubljana

(38) 61 347749

>
=]
=
wi
o
o
<t




Product Line Sales/Support Key

Key Product Line
A Analytical
CcM™ Components
C Computer Systems Sales only
CH Computer Systems Hardware Sales and Services
cs Computer Systems SO!twaro§ales and Services
E i & Systems
M Medical Products
MP Medical Products Primary SRO
MS Medical Products Secondary SRO
P Personal Computation Products

Sales only for specific product line

Support only for specific product line
IMPORTANT: These symbols designate general product line capa-
bility. They do not insure sales or support availability for all
products within a line, at all locations. Contact your local
sales office for information regarding locations where HP

support is available for specific products.

HP distributors are printed in italics.

ANGOLA

Telectra

Empresa Técnica de Equipamentos
Eléctricos, S.AR.L.

R. Barbosa Rodrigues, 41-1 DT.
Caixa Postal 6487

LUANDA

Tel: 3551535516

EMP

ARGENTINA
Hewlett-Packard Argentina S.A.
Avenida Santa Fe 2035
Martinez 1640 BUENOS AIRES
Tel: 798-5735, 792-1293
Telex: 17595 BIONAR
Cable: HEWPACKARG
AECHCSP

Biotron SA.C.IM. el

Av Paseo Colon 221, Piso 9
1399 BUENOS AIRES,

Tel: 30-4846, 30-1851
Telex: 17595 BIONAR

M

Fale S.A. |.C.I.Electronica
Venezuela 1326

1095 BUENOS AIRES

Tel: 37-9020, 37-9026/9
Telex: 9234 FATEN AR

P

AUSTRALIA

Adelaide, South Australia
Office

Hewlett-Packard Australia Ltd.
153 Greenhill Road

PARKSIDE, S.A. 5063

Tel: 272-5911

Telex: 82536

Cable: HEWPARD Adelaide
A*,CH,CM, EMSP

Brisbane, Queensland
Office

Hewlett-Packard Australia Ltd.
49 Park Road

MILTON, Queensland 4064
Tel: 229-1544

Telex: 42133

Cable: HEWPARD Brisbane
A.CH,CMEM,P

Effective November 1, 1982:
10 Payne Road

THE GAP, Queensland 4061
Tel: 30-4133

Telex: 42133

Canberra, Australia
Capital Territory
Office

Hewlett-Packard Australia Ltd.
121 Wollongong Street
FYSHWICK, A.C.T. 2609

Tel: 80 4244

Telex: 62650

Cable: HEWPARD Canberra
CH,CME,P

Melbourne, Victoria Office
Hewlett-Packard Australia Ltd.
31-41 Joseph Street
BLACKBURN, Victoria 3130
Tel: 877 7777

Telex: 31-024

Cable: HEWPARD Melbourne
A,CH,CM,CS,EMS,P

Perth, Western Australia
Office

Hewlett-Packard Australia Ltd.
261 Stirling Highway
CLAREMONT, W.A, 6010

Tel: 383-2188

Telex: 93859

Cable: HEWPARD Perth
A,CH,CM, EMS,P

Sydney, New South Wales
Office

Hewlett-Packard Australia Ltd.
17-23 Talavera Road

P.0. Box 308

NORTH RYDE, N.S.W. 2113
Tel: 887-1611

Telex: 21561

Cable: HEWPARD Sydney
A,CH,CM,CS EMS,P

AUSTRIA
Hewlett-Packard Ges.m.b.h.
Grottenhofstrasse 94
Verkaufsburo Graz

A-8052 GRAZ

Tel: 291-5-66

Telex: 32375

CHE*

Hewlett-Packard Ges.m.b.h.
Stanglhofweg 5

A-4020 LINZ

Tel: 0732 51585

CH

Hewlett-Packard Ges.m.b.h.
Lieblgasse 1

P.0. Box 72

A-1222 VIENNA

Tel: (0222) 23-65-11-0
Telex: 134425 HEPA A
A,CH,CM,CS,EMS,P

SALES & SUPPORT OFFICES

Arranged Alphabetically by Country

BAHRAIN

Green Salon

P.0. Box 557
BAHRAIN

Tel: 255503-255950
Telex: 84419

P

Wael Pharmacy

P.0. Box 648
BAHRAIN

Tel: 256123

Telex: 8550 WAEL BN
ME

BELGIUM

Hewlett-Packard Belgium S.A/N.V.
Bivd de la Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru
A,CH,CM,CS,E MP,P

BRAZIL

Hewlett-Packard do Brasil l.e.C.
Ltda.

Alameda Rio Negro, 750
Alphaville 06400 BARUERI SP
Tel: (11) 421-1311

Telex: 01 133872 HPBR-BR
Cable: HEWPACK Sao Paulo
A,CH,CM,CSEMP
Hewlett-Packard do Brasil Le.C.
Ltda.

Avenida Epitacio Pessoa, 4664
22471 RIO DE JANEIRO-RJ

Tel: (21) 286-0237

Telex: 021-21905 HPBR-BR
Cable: HEWPACK Rio de Janeiro
A,CH,CM,EMS,P*

CANADA

Alberta

Hewlett-Packard (Canada) Ltd.
210, 7220 Fisher Street S.E.
CALGARY, Alberta T2H 2H8
Tel: (403) 253-2713
ACHCME" MSP*
Hewlett-Packard (Canada) Lid.
11620A-168th Street
EDMONTON, Alberta T5M 3T9
Tel: (403) 452-3670
A,CH,CM,CS,EMS,P*

British Columbia
Hewlett-Packard (Canada) Ltd.
10691 Shellbridge Way
RICHMOND,

British Columbia V6X 2W7

Tel: (604) 270-2277

Telex: 610-922-5059
A,CH,CM,CS,E*,MS,P*

Manitoba

Hewlett-Packard (Canada) Ltd.
380-550 Century Street
WINNIPEG, Manitoba R3H 0Y1
Tel: (204) 786-6701
A,CH,CM,EMS P*

New Brunswick
Hewlett-Packard (Canada) Ltd.

37 Sheadiac Road

MONCTON, New Brunswick E2B 2VQ
Tel: (506) 855-2841

CH**

Nova Scotia

Hewlett-Packard (Canada) Lid.
P.0. Box 931

900 Windmill Road

DARTMOUTH, Nova Scotia B2Y 376
Tel: (902) 469-7820

CH,CM,CS,E* MS,P*

748

Ontario

Hewlett-Packard (Canada) Ltd.
552 Newbold Street

LONDON, Ontario N6E 285

Tel: (519) 686-9181
ACHCME"* MSP*
Hewlett-Packard (Canada) Lid.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1M8
Tel: (416) 678-9430
A,CH,CM,CS EMP,P
Hewlett-Packard (Canada) Lid.
2670 Queensview Dr.
OTTAWA, Ontario K2B 8K1

Tel: (613) 820-6483
A,CH,CM,CS,E* MS,P*
Hewlett-Packard (Canada) Ltd.
220 Yorkland Bivd., Unit #11
WILLOWDALE, Ontario M2J 1R
Tel: (416) 499-9333

CH

Quebec

Hewilett-Packard (Canada) Ltd.
17500 South Service Road
Trans-Canada Highway
KIRKLAND, Quebec HIJ 2M5
Tel: (514) 697-4232
A,CH,CM,CS E,MP,P*
Hewlett-Packard (Canada) Ltd.
Les Galeries du Vallon

2323 Du Versont Nord

STE. FOY, Quebec G1N 4C2
Tel: (418) 687-4570

CH

CHILE

Jorge Calcagni y Cia. Lida.
Arturo Burhle 065

Casilla 16475

SANTIAGO 9

Tel: 222-0222

Telex: Public Booth 440001
ACMEM

Olympia (Chile) Ltda.

Av. Rodrigo de Araya 1045
Casilla 256-V

SANTIAGO 21

Tel: 2-25-50-44

Telex: 340-892 OLYMP CK
Cable: Olympiachile Santiagochile
CH,CS,P

oG‘!-HNA, People’s Republic

China Hewlett-Packard Rep. Office
P.O. Box 418

1A Lane 2, Luchang St.

Beiwei Rd., Xuanwu District
BEWJING

Tel: 33-1947, 33-7426

Telex: 22601 CTSHP CN

Cable: 1920

A,CH,CM,CS,EP

COLOMBIA
Instrumentacién

H. A. Langebaek & Kier S.A.
Carrera 7 No. 48-75
Apartado Aereo 6287
BOGOTA 1, D.E.

Tel: 287-8877

Telex: 44400 INST CO
Cable: AARIS Bogola
ACMEM,PS,P

COSTA RICA

Cientifica Coslarricense S.A.
Avenida 2, Calle 5

San Pedro de Montes de Oca
Apartado 10159

SAN JOSE

Tel: 24-38-20, 24-08-19
Telex: 2367 GALGUR CR
CMEMS,P

CYPRUS

Telerexa Lta.

P.0. Box 4809

14C Stassinos Avenue
NICOSIA

Tel: 62698

Telex: 2894 LEVIDO CY
EMP

DENMARK
Hewilett-Packard A/S
Datavej 52

DK-3460 Birkerod

Tel: (02) 81-66-40
Telex: 37409 hpas dk
A,CH.CM,CS.EMS,P
Hewlett-Packard A/S
Navervej 1

DK-8600 SILKEBORG
Tel: (06) 82-71-66
Telex: 37409 hpas dk
CHE

ECUADOR

CYEDE Cia. Lida.

Avenida Eloy Alfaro 1749
Casilla 6423 CCI

auito

Tel: 450-975, 243-052
Telex: 2548 CYEDE ED
ACMEP

Hospitalar S.A.

Robles 625

Casilla 3590

auito

Tel: 545-250, 545-122
Telex: 2485 HOSPTL ED
Cable: HOSPITALAR-Quito
M

EGYPT

24 Hussein Hegazi Street
Kasr-el-Aini

CAIRO

Tel: 23829, 21641
Telex: IEA UN 93830
CHCSEM

Informatic For Systems
22 Talaat Harb Street
CAIRO

Tel: 759006

Telex: 93938 FRANK UN
CHCSP

Egyptian International Office
for Foreign Trade
P.0.Box 2558

CAIRO

Tel: 650021

Telex: 93337 EGPOR

P

EL SALVADOR
IPESA de £l Salvador S.A.
29 Avenida Norte 1216
SAN SALVADOR

Tel: 26-6858, 26-6868
Telex: Public Booth 20107
A,CHCM,CS,E,P

FINLAND
Hewlett-Packard Oy
Revontulentie 7
SF-02100 ESPOO 10
Tel: (90) 455-0211
Telex: 121563 hewpa sf
A.CH,CM,CS EMS,P
Hewlett-Packard Oy
Aatoksenkatv 10-C



SALES & SUPPORT OFFICES

Arranged Alphabetically by Country

SF-40720-72 JYVASKYLA
Tel: (941) 216318

CH

Hewlett-Packard Oy
Kainvuntie 1-C
SF-90140-14 OULY

Tel: (981) 338785

CH

FRANCE
Hewilett-Packard France
Z.1. Mercure B

Rue Berthelot

F-13763 Les Milles Cedex
AIX-EN-PROVENCE

Tel: (42) 59-41-02

Telex: 410770F
ACHEMSP*
Hewleit-Packard France
Boite Postale No. 503
F-25026 BESANCON

28 Rue de la Republique
F-25000 BESANCON

Tel: (81) 83-16-22

CHM

Hewlett-Packard France
Bureau de Vente de Lyon
Chemin des Mouilles
Boite Postale 162
F-69130 ECULLY Cédex
Tel: (7) 833-81-25

Telex: 310617F
A,CH,CS.EMP
Hewilett-Packard France
Immeuble France Evry
Tour Lorraine

Boulevard de France
F-91035 EVRY Cédex

Tel: (6) 077-96-60

Telex: 692315F

E

Hewilett-Packard France
5th Avenue Raymond Chanas
F-38320 EYBENS

Tel: (76) 25-81-41

Telex: 980124 HP GRENOB EYBE
CH

Hewlett-Packard France
Centre d'Affaire Paris-Nord
Batiment Ampére 5 etage
Rue de la Commune de Paris
Boite Postale 300
F-93153 LE BLANC MESNIL
Tel: (01) 865-44-52
Telex: 211032F
CH,CS,EMS
Hewilett-Packard France
Parc d'Activites Cadera
Quartier Jean Mermoz
Avenue du President JF Kennedy
F-33700 MERIGNAC

Tel: (56) 34-00-84

Telex: 550105F

CH,E,MS

Hewilett-Packard France
32 Rue Lothaire

F-57000 METZ

Tel: (8) 765-53-50

CH

Hewlett-Packard France
Immueble Les 3 B
Nouveau Chemin de fa Garde
Z.A.C. de Bois Briand

Hewlett-Packard France
Paris Porte-Maillot

15, Avenue De L'Amiral Bruix
F-75782 PARIS 16

Tel: (1) 502-12-20

Telex: 613663F

CH,MS,P

Hewlelt-Packard France

2 Allee de la Bourgonette
F-35100 RENNES

Tel: (99) 51-42-44

Telex: 740912F
CH.CMEMS,P*
Hewlett-Packard France
98 Avenue de Bretagne
F-76100 ROUEN

Tel: (35) 63-57-66 CH**,CS
Hewlett-Packard France

4 Rue Thomas Mann
Boite Postale 56

F-67200 STRASBOURG

Tel: (88) 28-56-46

Telex: 890141F
CHEMS,P*
Hewlett-Packard France
Pericentre de la Cépiere
F-31081 TOULOUSE Cedex
Tel: (61) 40-11-12

Telex: 531639F
ACH,CSEP*
Hewlett-Packard France
Immeuble Péricentre
F-59658 VILLENEUVE D'ASCQ Cedex
Tel: (20) 91-41-25

Telex: 160124F
CHEMS,P*

GERMAN FEDERAL

REPUBLIC
Hewlett-Packard GmbH
Technisches Biiro Berfin
Keithstrasse 2-4

D-1000 BERLIN 30

Tel: (030) 24-90-86

Telex: 018 3405 hpbin d
ACHEMP
Hewlett-Packard GmbH
Technisches Biiro Bblingen
Herrenberger Strasse 110
D-7030 BOBLINGEN

Tel: (07031) 667-1

Telex: bbn or
A,CH,CM,CS.EMP,P
Hewlett-Packard GmbH
Technisches Biiro Dusseldorf
Emanuel-Leutze-Strasse 1
D-4000 DUSSELDORF

Tel: (0211) 5971-1

Telex: 085/86 533 hpdd d
ACHCSEMSP
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Berner Strasse 117
Postfach 560 140

D-6000 FRANKFURT 56
Tel: (0611) 50-04-1

Telex: 04 13249 hpffm d
A,CH,CM,CS,EMP,P
Hewlett-Packard GmbH
Technisches Biiro Hamburg
Kapstadtring 5

D-2000 HAMBURG 60

F-44085 NANTES Cedex Tel: (040) 63804-1

Tel: (40) 50-32-22 Telex: 021 63 032 hphh d
CH** ACH,CS,EMS,P
Hewlett-Packard France Hewlett-Packard GmbH
Zone Industrielle de C boeuf Techni Biiro H
Avenue des Tropiques Am Grossmarkt 6
F-91947 Les Ulis Cédex ORSAY D-3000 HANNOVER 91

Tel: (6) 907-78-25
Telex: 600048F
A,CH,CM,CS,E,MP,P

Tel: (0511) 46-60-01
Telex: 092 3259
A,CH,CMEMSP

Hewilett-Packard GmbH
Technisches BUro Mannheim
Rosslauer Weg 2-4

D-6800 MANNHEIM

Tel: (0621) 70050

Telex: 0462105

ACE

Hewlett-Packard GmbH
Technisches Biiro Neu Um
Messerschmittstrasse 7
D-7910 NEU ULM

Tel: 0731-7024 1

Telex: 0712816 HP ULM-D
ACE"

Hewlett-Packard GmbH
Technisches Biiro Nurnberg
Neumeyerstrasse 90
D-8500 NURNBERG

Tel: (0911) 52 20 83-87
Telex: 0623 860
CHCMEMSP
Hewlett-Packard GmbH
Technisches Biiro Munchen
Eschenstrasse 5

D-8028 TAUFKIRCHEN

Tel: (089) 6117-1

Telex: 0524985
A,CH,CMEMSP

GREAT BRITAIN
Hewlett-Packard Ltd.
Trafalgar House
Navigation Road
ALTRINCHAM

Chesire WA14 1NU

Tel: (061) 928-6422
Telex: 668068
ACHCSEM
Hewlett-Packard Ltd.
Oakfield House, Oakfield Grove
Clifton

BRISTOL BS8 2BN, Avon
Tel: (027) 38606
Telex: 444302

CHM,P
Hewlett-Packard Lid.
(Pinewood)

Nine Mile Ride
EASTHAMPSTEAD
Wokingham

Berkshire, 3RG11 3LL
Tel: 3446 3100

Telex: 84-88-05
CH,CSE
Hewlett-Packard Lid.
Fourier House

257-263 High Street
LONDON COLNEY

Herts., AL2 1HA, St. Albans
Tel: (0727) 24400
Telex: 1-8952716
CHCSE
Hewlett-Packard Lid
Tradax House, St. Mary’s Walk
MAIDENHEAD

Berkshire, SL6 1ST
Tel: (0628) 39151
CHCSEP
Hewlett-Packard Ltd.
Quadrangle

106-118 Station Road
REDHILL, Surrey

Tel: (0737) 68655
Telex: 947234 CH,CS,E
Hewlett-Packard Ltd.
Avon House

435 Stratford Road
SHIRLEY, Solihull

West Midlands B9O 4BL
Tel: (021) 745 8800
Telex: 339105

CH

Hewlett-Packard Ltd.
West End House 41
High Street, West End
SOUTHAMPTON
Hampshire S03 3DQ
Tel: (703) 886767
Telex: 477138

CH

Hewilett-Packard Ltd.
King Street Lane
WINNERSH, Wokingham
Berkshire RG11 5AR
Tel: (0734) 784774
Telex: 847178
ACHEM

GREECE

Koslas Karaynnis S.A.

8 Omirou Street

ATHENS 133

Tel: 32 30 303, 32 37 371
Telex: 215962 RKAR GR
ACHCM,CSEMP
PLAISIO S.A.

G. Gerardos

24 Stournara Street
ATHENS

Tel: 36-11-160

Telex: 221871

P

GUATEMALA
IPESA

Avenida Reforma 3-48, Zona 9
GUATEMALA CITY

Tel: 316627, 314786

Telex: 4192 TELTRO GU
ACHCM,CSEMP

HONG KONG
Hewlett-Packard Hong Kong, Lid.
G.P.0. Box 795

5th Floor, Sun Hung Kai Centre
30 Harbour Road

HONG KONG

Tel: 5-8323211

Telex: 66678 HEWPA HX
Cable: HEWPACK HONG KONG
ECHCS,P

CET Ltd.

1402 Tung Way Mansion
199-203 Hennessy Ad.

Telex: 85148 CET HX

cM

Schmidt & Co. (Hong Kong) Ltd.
Wing On Centre, 28th Floor
Connaught Road, C.

HONG KONG

Tel: 5-455644

Telex: 74766 SCHMX HX

AM

ICELAND

Elding Trading Company Inc.
Hafnarnvoli-Tryggvagotu
P.0. Box 895

1S-REYKJAVIK

Tel: 1-58-20, 1-63-03

M

INDIA

Blue Star Ltd.

Sabri Complex Il Floor
24 Residency Rd.
BANGALORE 560 025
Tel: 55660

Telex: 0845-430
Cable: BLUESTAR
A,CHCM,CS,E

Blue Star Ltd.

Band Box House
Prabhadevi

BOMBAY 400 025

Tel: 422-3101

Telex: 011-3751

Cable: BLUESTAR

AM

Blue Star Ltd.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

BOMBAY 400 025

Tel: 4226155

Telex: 011-4093

Cable: FROSTBLUE
A,CH,CM,CS,EM

Blue Star Ltd.

Kalyan, 19 Vishwas Colony
Alkapuri, BORODA, 390 005
Tel: 65235

Cable: BLUE STAR

A

Blue Star Lid.

7 Hare Street
CALCUTTA 700 001
Tel: 12-01-31

Telex: 021-7655
Cable: BLUESTAR
AM

Blue Star Ltd.

133 Kodambakkam High Road
MADRAS 600 034

Tel: 82057

Telex: 041-379
Cable: BLUESTAR
AM

Blue Star Ltd.
Bhandari House, 7th/8th Floors
91 Nehru Place

NEW DELHI 110 024
Tel: 682547

Telex: 031-2463
Cable: BLUESTAR
ACHCM,CS.EM

Blue Star Ltd.

15/16:C Wellesley Rd.
PUNE 411011

Tel: 22775

Cable: BLUE STAR

A

Blue Star Ltd.
2-2-47/1108 Bolarum Rd.
SECUNDERABAD 500 003
Tel: 72057

Telex: 0155-459

Cable: BLUEFROST

AE

Blue Star Ltd.

T.C. 7/603 Poornima
Maruthankuzhi
TRIVANDRUM 695 013
Tel: 65799

Telex: 0884-259

Cable: BLUESTAR

E

- INDONESIA

BERCA Indonesia P.T.
P.0.Box 496/JKT.

J. Abdul Muis 62
JAKARTA

Tel: 373009

Telex: 46748 BERSAL IA
Cable: BERSAL JAKARTA
P

BERCA Indonesia P.T.
Wisma Antara Bldg., 17th floor
JAKARTA

ACSEM

BERCA Indonesia P.T.

P.O. Box 174/SBY.

Ji. Kutei No. 11

SURABAYA

Tel: 68172

Telex: 31146 BERSAL SB
Cable: BERSAL-SURABAYA
A“EMP
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IRAQ

Hewlett-Packard Trading S.A.
Service Operation

Al Mansoor City 98/3/7
BAGHDAD

Tel: 551-49-73

Telex: 212-455 HEPAIRAQ IK
CHCS

IRELAND
Hewlett-Packard Ireland Ltd.
82/83 Lower Leeson St.
DUBLIN 2

Tel: (1) 60 88 00

Telex: 30439
A,CH,CM,CSEMP
Cardiac Services Lld.
Kilmore Road

Artane

DUBLIN 5

Tel: (01) 351820

Telex: 30439

M

ISRAEL

Eldan Electronic Instrument LId.
P.0. Box 1270

JERUSALEM 91000

16, Ohaliav St.

JERUSALEM 94467

Tel: 533 221, 553 242

Telex: 25231 AB/PAKRD IL

A

Electronics Engineering Division
Motorola Israel Lid.

16 Kremenelski Street

P.0. Box 25016

TEL-AVIV 67899

Tel: 3-338973

Telex: 33569 Motil IL

Cable: BASTEL Tel-Aviv
CH,CM,CS,EMP

ITALY

Hewlett-Packard Italiana S.p.A.
Traversa 99C

Via Giulio Petroni, 19

1-70124 BARI

Tel: (080) 41-07-44

M

Hewlett-Packard Italiana S.p.A.
Via Martin Luther King, 38/111
1-40132 BOLOGNA

Tel: (051) 402394

Telex: 511630

CHEMS

Hewlett-Packard Italiana S.p.A.
Via Principe Nicola 43G/C
1-95126 CATANIA

Tel: (095) 37-10-87

Telex: 970291

cP

Hewlett-Packard ltaliana S.p.A.
Via G. Di Vittorio 9

1-20063 CERNUSCO SUL NAVIGLIO
Tel: (2) 903691

Telex: 334632

A,CH,CM,CS EMP.P
Hewlett-Packard ltaliana S.p.A.
Via Nuova San Rocco a
Capodimonte, 62/A

1-80131 NAPLES

Tel: (081) 7413544

Telex: 710698

ACHE

Hewlett-Packard ltaliana S.p.A.
Viale G. Modugno 33

1-16156 GENOVA PEGL!

Tel: (010) 68-37-07

Telex: 215238

EC

Hewlett-Packard ltaliana S.p.A.
Via Turazza 14

1-35100 PADOVA

Tel: (049) 664888

Telex: 430315

ACHEMS

Hewlett-Packard ltaliana S.p.A.
Viale C. Pavese 340

1-00144 ROMA

Tel: (06) 54831

Telex: 610514

A,CH,CM,CS EMS,P*
Hewlett-Packard Italiana S.p.A.
Corso Svizzera, 184

1-10149 TORINO

Tel: (011) 74 4044

Telex: 221079

CHE

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Inoue Building

1-21-8, Asahi-cho

ATSUGI, Kanagawa 243

Tel: (0462) 28-0451

CM,C*E
Yokogawa-Hewlett-Packard Lid.
Towa Building

2-2-3, Kaigandori, Chuo-ku
KOBE, 650, Hyogo

Tel: (078) 392-4791

CE

Yokogawa-Hewlett-Packard Ltd.
Kumagaya Asahi Yasoji Bldg 4F
3-4 Chome Tsukuba
KUMAGAYA, Saitama 360

Tel: (0485) 24-6563

CH,CME
Yokogawa-Hewlett-Packard Ltd.

Asahi Shinbun Dai-ichi Seimei Bldg.,

2F

4-7 Hanabata-cho
KUMAMOTO-SH1,860

Tel: (0963) 54-7311

CHE
Yokogawa-Hewlett-Packard Ltd.
Shin Kyoto Center Bldg. 5F

614 Siokoji-cho

Nishiiruhigashi, Karasuma
Siokoji-dori, Shimogyo-ku
KYOTO 600

Tel: 075-343-0921

CH,E
Yokogawa-Hewlett-Packard Ltd.
Mito Mitsui Building

1-4-73, San-no-maru

MITO, Ibaragi 310

Tel: (0292) 25-7470

CH,CME
Yokogawa-Hewlett-Packard Ltd.
Sumitomo Seimei Nagoya Bldg.
2-14-19, Meieki-Minami,
Nakamura-ku

NAGOYA, 450 Aichi

Tel: (052) 571-5171

CH,CM,CS EMS
Yokogawa-Hewlett-Packard Ltd.
Chuo Bidg., 4th Floor

5-4-20 Nishinakajima,
Yodogawa-ku

0SAKA, 532

Tel: (06) 304-6021

Telex: YHPOSA 523-3624
A,CH,CM,CS,EMPP*
Yokogawa-Hewlett-Packard Lid.
1-27-15, Yabe,

SAGAMIHARA Kanagawa, 229
Tel: 0427 59-1311

Yokogawa-Hewlett-Packard Lid.

Shinjuku Dai-ichi Seimei 6F
2-7-1, Nishi Shinjuku
Shinjuku-ku, TOKYO 160
Tel: 03-348-4611-5

CHE

Yokogawa-Hewlett-Packard Ltd.
3-29-21 Takaido-Higashi
Suginami-ku TOKYO 168

Tel: (03) 331-6111

Telex: 232-2024 YHPTOK
A,CH,CM,CS,EMP,P*
Yokogawa-Hewlett-Packard Ltd.
Daiichi Asano Building 4F

5-2-8, Oodori,

UTSUNOMIYA, 320

Tochigi

Tel: (0286) 25-7155

CH, CS, E
Yokogawa-Hewlett-Packard Ltd.
Yasudaseimei Yokohama
Nishiguchi Bidg.

3-30-4 Tsuruya-cho
Kanagawa-ku

YOKOHAMA, Kanagawa, 221

Tel: (045) 312-1252

CHCME

JORDAN

Mouasher Cousins Company
P.0. Box 1387

AMMAN

Tel: 24907, 39907

Telex: 21456 SABCO JO
CHEMP

KENYA

ADCOM Ltd., Inc., Kenya
P.0.Box 30070

NAIROBI

Tel: 331955

Telex: 22639

EM

KOREA

Samsung Electronics Computer
Division

76-561 Yeoksam-Dong
Kangnam-Ku

C.P.0. Box 2775

SEOUL

Tel: 555-7555, 555-5447
Telex: K27364 SAMSAN
A,CH,CM,CSEMP

KUWAIT

Al-Khaldiya Trading & Contracting
P.0. Box 830 Safat
Kuwalr

Tel: 42-4910, 41-1726
Telex: 22481 Areeg kt
CHEM

Photo & Cine Equipment
P.0. Box 270 Safat
Kuwair

Tel: 42-2846, 42-3801
Telex: 22247 Matin-KT
P

LEBANON
G.M. Dolmadjian
Achrafieh

P.0. Box 165.167
BEIRUT

Tel: 290293
MP**

LUXEMBOURG

Hewlett-Packard Belgium S.A./N.V.

Bivd de la Woluwe, 100
Woluwedal

B-1200 BRUSSELS

Tel: (02) 762-32-00

Telex: 23-494 paloben bru
A,CH,CM,CS E MP,P

750

MALAYSIA

Hewlett-Packard Sales (Malaysia)
Sdn. Bhd.

1st Floor, Bangunan British
American

Jalan Semantan, Damansara Heights

KUALA LUMPUR 23-03
Tel: 943022

Telex: MA31011
ACHEMP*

Protel Engineering
Lot 319, Satok Road
P.0.Box 1917
Kuching, SARAWAK
Tel: 53544

Telex: MA 70904 PROMAL
Cable: PROTELENG
AEM

MALTA

Philip Toledo Ltd.
Notabile Rd.

MRIEHEL

Tel: 447 47, 455 66
Telex: 649 Media MW
P

MEXICO

Hewlett-Packard Mexicana, S.A. de
C.v.

Av. Periferico Sur No. 6501
Tepepan, Xochimilco

MEXICO D.F. 16020

Tel: 676-4600

Telex: 17-74-507 HEWPACK MEX
A,CH,CS,EMSP

Effective November 1, 1982:
Hewlett-Packard Mexicana, S.A. de
C.v.

Ejercito Nacional #570

Colonia Granada

11560 MEXICO, D.F.

CH**

Hewlett-Packard Mexicana, S.A. de

R{o 4Volga 600
Pte. Colonia del Valle
MONTERREY, N.L.

Tel: 78-42-93, 78-42-40, 78-42-41

Telex: 038-2410 HPMTY ME
CH

Effective Nov. 1, 1982

Ave. Colonia del Valle #409
Col. del Valle

Municinio de garza garcia
MONTERREY, N.V.

ECISA

Taihe 229, Piso 10
Polanco MEXICO D.F. 11570
Tel: 250-5391

Telex: 17-72755 ECE ME

M

MOROCCO
Dolbeau

81 rue Karalchi
CASABLANCA

Tel: 3041-82, 3068-38
Telex: 23051, 22822
E

Gerep

2 rue d'Agadir

Boite Postale 156
CASABLANCA

Tel: 272093, 272095
Telex: 23 739

P

NETHERLANDS
Hewilett-Packard Nederland B.V.
Van Heuven Goedhartlaan 121
NL 1181KK AMSTELVEEN

P.0. Box 667

NL1180 AR AMSTELVEEN

Tel: (20) 47-20-21

Telex: 13 216
A,CH,CM,CS,E,MP,P

Hewilett-Packard Nederland B.V.
Bongerd 2

NL 2906VK CAPPELLE, A/D liessel
P.0. Box 41

NL2900 AA CAPELLE, ljssel

Tel: (10) 51-64-44

Telex: 21261 HEPAC NL
ACHCS

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
169 Manukau Road

P.0. Box 26-189

Epsom, AUCKLAND

Tel: 687-159

Cable: HEWPACK Auckland
CH,CMEP*
Hewlett-Packard (N.Z.) Ltd.
4-12 Cruickshank Street
Kilbirnie, WELLINGTON 3

P.0. Box 9443

Courtenay Place, WELLINGTON 3
Tel: 877-199

Cable: HEWPACK Wellington
CH,CMEP

Northrop Instruments & Systems
Ltd.

369 Khyber Pass Road
P.0. Box 8602

AUCKLAND

Tel: 794-091

Telex: 60605

AM

Northrop Instruments & Systems
Lid.

110 Mandeville St.

P.0. Box 8388
CHRISTCHURCH

Tel: 486-928

Telex: 4203

AM

Northrop Instruments & Systems
Ltd.

Sturdee House

85-87 Ghuznee Street

P.0. Box 2406
WELLINGTON

Tel: 850-091

Telex: NZ 3380

AM

NORTHERN IRELAND
Cardiac Services Company
95A Finaghy Road South
BELFAST BT 10 OBY

Tel: (0232) 625-566

Telex: 747626

M

NORWAY
Hewlett-Packard Norge A/S
Folke Bernadottes vei 50
P.0. Box 3558

N-5033 FYLLINGSDALEN (Bergen)
Tel: (05) 16-55-40

Telex: 16621 hpnas n
CH,CSEMS
Hewlett-Packard Norge A/S
Osterndalen 18

P.0. Box 34

N-1345 OSTER’AS

Tel: (02) 17-11-80

Telex: 16621 hpnas n
ACHCM,CSEM,P

OMAN

Khimjil Ramdas

P.0. Box 19

MUSCAT

Tel: 722225, 745601

Telex: 3289 BROKER MB MUSCAT
P



SALES & SUPPORT OFFICES

Arranged Alphabetically by Country

Suhail & Saud Bahwan
P.O. Box 169

MUSCAT

Tel: 734 201-3

Telex: 3274 BAHWAN MB

PAKISTAN

Mushko & Company Ltd.
1-B, Street 43

Sector F-8/1

ISLAMABAD

Tel: 26875

Cable: FEMUS Rawalpindi
AEM

Mushko & Company Ltd.
Oosman Chambers
Abdullah Haroon Road
KARACHI 0302

Tel: 511027, 512927
Telex: 2894 MUSKO PK
Cable: COOPERATOR Karachi
AEMP*

PANAMA

Electrénico Balboa, S.A.
Calle Samuel Lewis, Ed. Alfa
Apartado 4929

PANAMA 5

Tel: 64-2700

Telex: 3483 ELECTRON PG
ACMEMP

Folo Internacional, S.A.
Colon Free Zone

Apartado 2068

COLON 3

Tel: 45-2333

Telex: 8626 IMPORT PG

P

PERU

Cia Electro Médica S.A.

Los Flamencos 145, San Isidro
Casilla 1030

LiMA 1

Tel: 41-4325, 41-3703

Telex: Pub. Booth 25306
ACMEMP

PHILIPPINES

The Online Advanced Systems
Corporalion

Rico House, Amorsolo Cor. Herrera
Street

Legaspi Village, Makati

P.0. Box 1510

Melro MANILA

Tel: 85-35-81, 85-34-91, 85-32-21

Telex: 3274 ONLINE
ACHCSEM

Electronic Specialists and
Proponents Inc.

690-8 Epifanio de los Santos
Avenue

Cubao, QUEZON CITY

P.0. Box 2649 Manila

Tel: 98-96-81, 98-96-82, 98-96-83

Telex: 40018, 42000 ITT GLOBE
MACKAY BOOTH
P

PORTUGAL

Mundinter

Intercambio Mundial de Comércio
Sarl

P.O. Box 2761

Av. Antonio Augusto de Aguiar 138
P-LISBON

Tel: (19) 53-21-31, 53-21-37
Telex: 16691 munter p

M

Soquimica

Av. da Liberdade, 220-2
1298 LISBON Codex

Tel: 56 21 81/2/3

Telex: 13316 SABASA P
Telectra-Empresa Técnica de
Equipmentos Eléctricos S.a.r.l.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-LISBON 1

Tel: (19) 68-60-72

Telex: 12598

CHCSEP

PUERTO RICO
Hewlett-Packard Puerto Rico
P.0. Box 4407

CAROLINA, Puerto Rico 00628
Calle 272 Edificio 203

Urb. Country Club

RIO PIEDRAS, Puerto Rico 00924
Tel: (809) 762-7255

ACH,CS

QATAR

Nasser Trading & Contracting
P.0. Box 1563

DOHA

Tel: 22170, 23539
Telex: 4439 NASSER DH
M

Computearbia

P.0. Box 2750

DOHA

Tel: 883555

Telex: 4806 CHPARB

P

Eastern Technical Services
P.0. Box 4747

DOHA

Tel: 329 993

Telex: 4156 EASTEC DH

SAUDI ARABIA

Modern Electronic Establishment
Hewlett-Packard Division

P.0. Box 281

Thuobah

AL-KHOBAR

Tel: 864-46 78

Telex: 671 106 HPMEEK SJ
Cable: ELECTA AL-KHOBAR
CH,CS,EMP

Modern Electronic Establishment
Hewlett-Packard Division

P.0. Box 1228

Redec Plaza, 6th Floor

JEDDAH

Tel: 644 38 48

Telex: 4027 12 FARNAS SJ
Cable: ELECTA JEDDAH
CHCSEMP

Modern Electronic Establishment
Hewlelt Packard Division

P.O. Box 2728

RIYADH

Tel: 491-97 15, 491-63 87
Telex: 202049 MEERYD SJ
CHCSEMP

SCOTLAND
Hewlett-Packard Ltd.
Royal Bank Buildings
Swan Street

BRECHIN, Angus, Scotland
Tel: (03562) 3101-2

CH

Hewlett-Packard Ltd.
SOUTH QUEENSFERRY
West Lothian, EH30 9GT
GB-Scotland

Tel: (031) 3311188
Telex: 72682
ACH,CM,CSEM

SINGAPORE
Hewlett-Packard Singapore (Pty.)
Ltd.

P.0. Box 58 Alexandra Post Office
SINGAPORE, 9115

6th Floor, Inchcape House
450-452 Alexandra Road
SINGAPORE 0511

Tel: 631788

Telex: HPSGSO RS 34209
Cable: HEWPACK, Singapore
A,CH,CSEMSP

Dynamar International Ltd.

Unit 05-11 Block 6

Kolam Ayer Industrial Estate
SINGAPORE 1334

Tel: 747-6188

Telex: RS 26283

oM

SOUTH AFRICA

Hewlett-Packard So Africa (Pty.) Ltd.

P.0. Box 120

Howard Place

Pine Park Center, Forest Drive,
Pinelands

CAPE PROVINCE 7405

Tel: 53-7954

Telex: 57-20006
A,CHCMEMSP

Hewlett-Packard So Africa (Pty.) Ltd.

P.0. Box 37099

92 Overport Drive

DURBAN 4067

Tel: 28-4178, 28-4179, 28-4110
Telex: 6-22954

CH,CM

Hewlett-Packard So Africa (Pty.) Ltd.

6 Linton Arcade

511 Cape Road
Linton Grange

PORT ELIZABETH 6001
Tel: 041-302148

CH

Hewlett-Packard So Africa (Pty.) Ltd.

P.0. Box 33345

Glenstantia 0010 TRANSVAAL
1st Floor East

Constantia Park Ridge Shopping
Centre

Constantia Park

PRETORIA

Tel: 982043

Telex: 32163

CHE

Hewlett-Packard So Africa (Ply.) Ltd.

Private Bag Wendywood
SANDTON 2144

Tel: 802-5111, 802-5125
Telex: 4-20877

Cable: HEWPACK Johannesburg
A,CH,CM,CS,EMS,P

SPAIN

Hewlett-Packard Espafiola S.A.
c/Entenza, 321

E-BARCELONA 29

Tel: (3) 322-24-51, 321-73-54
Telex: 52603 hpbee
ACHCSEMSP
Hewlelt-Packard Espariola S.A.
c/San Vicente S/N

Edificio Albia 11,7 B

E-BILBAO 1

Tel: (4) 23-8306, (4) 23-8206
A,CHEMS

Hewlett-Packard Espafiola S.A.
Calle Jerez 3

E-MADRID 16

Tel: (1) 458-2600

Telex: 23515 hpe

ACME

751

Hewlett-Packard Espafiola S.A.
¢/o Costa Brava 13

Colonia Mirasierra

E-MADRID 34

Tel: (1) 734-8061, (1) 734-1162
CHCSM

Hewlett-Packard Espafiola S.A.
Av Ramén y Cajal 1-9

Edificio Sevilla 1,

E-SEVILLA 5

Tel: 64-44-54, 64-44-58
Telex: 72933

ACSMS,P

Hewlett-Packard Espafiola S.A.
C/Ramon Gordillo, 1 (Entlo.3)
E-VALENCIA 10

Tel: 361-1354, 361-1358
CH.P

SWEDEN

Hewleti-Packard. Sverige AB
Sunnanvagen 14K

$-22226 LUND

Tel: (046) 13-69-79 °
Telex: (854) 17886 (via SPANGA
office)

CH

Hewlett-Packard Sverige AB
Vastra Vintergatan 9

S-70344 OREBRO

Tel: (19) 10-48-80 o
Telex: (854) 17886 (via SPANGA
office)

CH

Hewlett-Packard Sverige AB
Skalholtsgatan 9, Kista

Box 19 |

S-16393 SPANGA

Tel: (08) 750-2000

Telex: (854) 17886
A,CH,CM,CS,EMS,P
Hewlett-Packard Sverige AB
Frotallisgatan 30

S-42132 VASTRA-FROLUNDA

Tel: (031) 49-09-50 o
Telex: (854) 17886 (via SPANGA
office)

CHEP

SWITZERLAND
Hewlett-Packard (Schweiz) AG
Clarastrasse 12

CH-4058 BASLE

Tel: (61) 33-59-20

A

Hewlett-Packard (Schweiz) AG
Bahnhoheweg 44

CH-3018 BERN

Tel: (031) 56-24-22

CH

Hewlett-Packard (Schweiz) AG
47 Avenue Blanc

CH-1202 GENEVA

Tel: (022) 32-48-00
CH,CM,CS

Hewlett-Packard (Schweiz) AG
19 Chemin Chateau Bloc
CH-1219 LE LIGNON-Geneva
Tel: (022) 96-03-22

Telex: 27333 hpag ch

Cable: HEWPACKAG Geneva
AEMSP

Hewilett-Packard (Schweiz) AG
Allmend 2

CH-8967 WIDEN

Tel: (57) 31 21 11

Telex: 53933 hpag ch

Cable: HPAG CH

A,CH,CM,CS EMS,P

SYRIA

General Electronic Inc.

Nuri Basha

P.0. Box 5781

DAMASCUS

Tel: 33-24-87

Telex: 11216 ITIKAL SY

Cable: ELECTROBOR DAMASCUS

Miadle East Electronics
Place Azmé

Boite Postale 2308
DAMASCUS

Tel: 334592

Telex: 11304 SATACO SY
MP

TAIWAN

Hewlett-Packard Far East Ltd.
Kaohsiung Office

2/F 68-2, Chung Cheng 3rd Road
KAOHSIUNG

Tel: 241-2318, 261-3253
CH,CSE

Hewlett-Packard Far East Ltd.
Taiwan Branch

5th Floor

205 Tun Hwa North Road
TAIPEI

Tel:(02) 751-0404
Cable:HEWPACK Taipei
ACHCM,CS.EMP

Ing Lih Trading Co.

3rd Floor, 7 Jen-Ai Road, Sec. 2
TAIPEI 100

Tel: (02) 3948191

Cable: INGLIH TAIPEI

A

THAILAND

Unimesa

30 Paipong Ave., Suriwong
BANGKOK 5

Tel: 234 091, 234 092
Telex: 84439 Simonco TH
Cable: UNIMESA Bangkok
ACHCSEM

Bangkok Business Equipment LId.
5/5-6 Dejo Aoad

BANGKOK

Tel: 234-8670, 234-8671
Telex: 87669-BEQUIPT TH
Cable: BUSIQUIPT Bangkok
P

TRINIDAD & TOBAGO
Caribbean Telecoms Ltd.
50/A Jerningham Avenue

P.0. Box 732

PORT-OF-SPAIN

Tel: 62-44213, 62-44214
Telex: 235,272 HUGCO WG
ACMEMP

TUNISIA

Tunisie Electronique

31 Avenue de la Liberte
TUNIS

Tel: 280-144

EP

Corema

1 ter. Av. de Carthage
TUNIS

Tel: 253-821

Telex: 12319 CABAM TN
M

TURKEY

Teknim Company Ltd.
Iran Caddesi No. 7
Kavaklidere, ANKARA
Tel: 275800

Telex: 42155 TKNM TR
E

EMA.

Medina Eldem Sokak No.41/6
Yuksel Caddesi
ANKARA

Tel: 175 622

M

UNITED ARAB EMIRATES
Emitac Ltd.

P.O. Box 1641

SHARJAH

Tel: 354121, 354123

Telex: 68136 Emitac Sh
CHCSEMP

>
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=
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UNITED KINGDOM
see: GREAT BRITAIN
NORTHERN IRELAND
SCOTLAND

UNITED STATES

Alabama
Hewlett-Packard Co.
700 Century Park South
Suite 128

BIRMINGHAM, AL 35226
Tel: (205) 822-6802
CH,MP

Hewlett-Packard Co.
P.0. Box 4207

8290 Whitesburg Drive, S.E.
HUNTSVILLE, AL 35802
Tel: (205) 881-4591
CHCMCSEM*

Alaska

Hewilett-Packard Co.

1577 “C" Street, Suite 252
ANCHORAGE, AK 99501
Tel: (907) 276-5709

CH*

Arizona
Hewlett-Packard Co.
2336 East Magnolia Street
PHOENIX, AZ 85034

Tel: (602) 273-8000
A,CH,CM,CS.EMS
Hewleti-Packard Co.
2424 East Aragon Road
TUCSON, AZ 85706

Tel: (602) 889-463 1
CHEMS**

Arkansas

Hewlett-Packard Co.

P.0. Box 5646

Brady Station

LITTLE ROCK, AR 72215

111 N. Filmore

LITTLE ROCK, AR 72205

Tel: (501) 664-8773, 376-1844
MS

California
Hewlett-Packard Co.

99 South Hill Dr.
BRISBANE, CA 94005
Tel: (415) 330-2500
CH,CS

Hewlett-Packard Co.
7621 Canoga Avenue
CANOGA PARK, CA 91304
Tel: (213) 702-8300
ACH,CSEP
Hewlett-Packard Co.
5060 Clinton Avenue
FRESNO, CA 93727

Tel: (209) 252-9652
MS

Hewlett-Packard Co.
P.0. Box 4230 .
1430 East Orangethorpe
FULLERTON, CA 92631
Tel: (714) 870-1000
CH,CM,CS,E.MP
Hewlett-Packard Co.
320 S. Kellogg, Suite B
GOLETA, CA 93117

Tel: (805) 967-3405
CH

Hewlett-Packard Co.
5400 W. Rosecrans Boulevard
LAWNDALE, CA 90260
P.0. Box 92105

LOS ANGELES, CA 90009
Tel: (213) 970-7500
Telex: 910-325-6608
CH,CM,CS,MP
Hewlett-Packard Co.
3200 Hillview Avenue
PALO ALTO, CA 94304
Tel: (415) 857-8000
CHCSE

Hewlett-Packard Co.
P.0. Box 15976 (95813)
4244 So. Market Court, Suite A
SACRAMENTO, CA 95834
Tel: (916) 929-7222
A*,CH,CSEMS
Hewlett-Packard Co.
9606 Aero Drive

P.0. Box 23333

SAN DIEGO, CA 92123
Tel: (714) 279-3200
CH,CM,CS,E,MP
Hewilett-Packard Co.
2305 Camino Ramon “C”
SAN RAMON, CA 94583
Tel: (415) 838-5900
CH,CS

Hewilett-Packard Co.
P.0. Box 4230

Fullerton, CA 92631

363 Brookhollow Drive
SANTA ANA, CA 92705
Tel: (714) 641-0977
A,CH,CM,CS,MP
Hewilett-Packard Co.
Suite A

5553 Hollister

SANTA BARBARA, CA 93111
Tel: (805) 964-3390
Hewlett-Packard Co.
3003 Scott Boulevard
SANTA CLARA, CA 95050
Tel: (408) 988-7000
A,CH,CM,CS EMP
Hewlett-Packard Co.
5703 Corsa Avenue
WESTLAKE VILLAGE, CA 91362
Tel: (213) 706-6800
E*,CH*,CS*

Colorado
Hewilett-Packard Co.

24 Inverness Place, East
ENGLEWOOD, CO 80112
Tel: (303) 771-3455
Telex: 910-935-0785
ACH,CM,CS EMS

Connecticut
Hewlett-Packard Co.

47 Barnes Industrial Road South
P.0. Box 5007

WALLINGFORD, CT 06492

Tel: (203) 265-7801
A,CH,CM,CS,EMS

Florida

Hewlett-Packard Co.

P.0. Box 24210 (33307)
2901 N.W. 62nd Street
FORT LAUDERDALE, FL 33307
Tel: (305) 973-2600
CH,CS.EMP

Hewlett-Packard Co.

4080 Woodcock Drive, #132
Brownett Building
JACKSONVILLE, FL 32207
Tel: (904) 398-0663
C*E*MS**
Hewlett-Packard Co.

1101 W. Hibiscus Ave., Suite E210
MELBOURNE, FL 32901

Tel: (305) 729-0704

£

Hewlett-Packard Co.

P.0. Box 13910 (32859)
6177 Lake Elienor Drive
ORLANDO, FL 32809

Tel: (305) 859-2900
A,CH,CM,CS,EMS

Hewlett-Packard Co.
6425 N. Pensacola Bivd.
Suite 4, Building 1

P.0. Box 12826
PENSACOLA, FL 32575
Tel: (904) 476-8422
AMS

Hewlett-Packard Co.
57508 N. Hoover Bivd., Suite 123
TAMPA, FL 33614

Tel: (813) 884-3282
A*,CHCM,CSE* M*

Georgia
Hewlett-Packard Co.

P.0. Box 105005
ATLANTA, GA 30348

2000 South Park Place
ATLANTA, GA 30339

Tel: (404) 955-1500
Telex: 810-766-4890
A,CH,CM,CS E.MP
Hewlett-Packard Co.

P.0. Box 816 (80903)
2531 Center West Parkway
Suite 110

AUGUSTA, GA 30904

Tel: (404) 736-0592

MS

Hewlett-Packard Co.
200-E Montgomery Cross Rds.
SAVANNAH, GA 31401
Tel:(912) 925-5358

CH**

Hewlett-Packard Co.

P.0. Box 2103

WARNER ROBINS, GA 31099
1172 N. Davis Drive
WARNER ROBINS, GA 31093
Tel: (912) 923-8831

E

Hawail

Hewlett-Packard Co.
Kawaiahao Plaza, Suite 190
567 South King Street
HONOLULU, HI 96813

Tel: (808) 526-1555
ACH,EMS

lllinois

Hewiett-Packard Co.

211 Prospect Road, Suite C
BLOOMINGTON, IL 61701

Tel: (309) 662-9411
CHMS**

Hewlett-Packard Co.

1100 31st Street, Suite 100
DOWNERS GROVE, IL 60515
Tel: (312) 960-5760

CH,CS

Hewlett-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, IL 60008
Tel: (312) 255-9800
A,CH,CM,CS E,MP

Indiana

Hewlett-Packard Co.

P.0. Box 50807

7301 No. Shadeland Avenue
INDIANAPOLIS, IN 46250

Tel: (317) 842-1000
A,CH,CM,CS,EMS

lowa

Hewiett-Packard Co.
1776 22nd Street, Suite 1
WEST DES MOINES, IA 50265
Tel: (515) 224-1435
CH,MS**
Hewlett-Packard Co.
2415 Heinz Road

I0WA CITY, 1A 52240

Tel: (319) 351-1020
CHE* MS

752

Kansas
Hewilett-Packard Co.
1644 S. Rock Road
WICHITA, KA 67207
Tel: (316) 684-8491
CH

Kentucky
Hewlett-Packard Co.
10300 Linn Station Road
Suite 100

LOUISVILLE, KY 40223
Tel: (502) 426-0100
A,CH,CSMS

Louisiana
Hewlett-Packard Co.
8126 Calais Bldg.
BATON ROUGE, LA 70806
Tel: (504) 467-4100
A%S CH
Hewlett-Packard Co.
P.0. Box 1449
KENNER, LA 70062
160 James Drive East
DESTAHAN, LA 70047
Tel: (504) 467-4100
A,CH,CS.EMS

Maryland
Hewlett-Packard Co.
7121 Standard Drive
HANOVER, MD 21076
Tel: (301) 796-7700
Telex: 710-862-1943 -
Eff. Dec. 1, 1982
3701 Koppers St.
BALTIMORE, MD 21227
Tel: (301) 644-5800
A,CH,CM,CSEMS
Hewlett-Packard Co.

2 Choke Cherry Road
ROCKVILLE, MD 20850
Tel: (301) 948-6370
A,CH,CM,CS E.MP

Massachusetts
Hewlett-Packard Co.
32 Hartwell Avenue
LEXINGTON, MA 02173
Tel: (617) 861-8960
A,CH,CM,CS.EMP

Michigan
Hewlett-Packard Co.
23855 Research Drive
FARMINGTON HILLS, MI 48024
Tel: (313) 476-6400
A,CH,CM,CS,EMP
Hewlett-Packard Co.
4326 Cascade Road S.E.
GRAND RAPIDS, M 49506
Tel: (616) 957-1970
CH,CS,MS
Hewilett-Packard Co.

1771 W. Big Beaver Road
TROY, Mi 48084

Tel: (313) 643-6474
CH,CS

Minnesota
Hewlett-Packard Co.
2025 W. Larpenteur Ave.
ST. PAUL, MN 55113

Tel: (612) 644-1100
A,CH,CM,CS E.MP

Mississippi
Hewlett-Packard Co.
P.0. Box 5028
1675 Lakeland Drive
JACKSON, MS 39216
Tel: (601) 982-9363
MS

Missouri
Hewlett-Packard Co.
11131 Colorado Avenue
KANSAS CITY, MO 64137
Tel: (816) 763-8000
A,CH.CM,CS EMS

Hewilett-Packard Co.

P.0. Box 27307

1024 Executive Parkway
ST. LOUIS, MO 63141

Tel: (314) 878-0200
A,CH,CS,EMP

Effective September 1982:
13001 Hollenberg Drive
BRIDGETON, MO 63044

Nebraska
Hewlett-Packard

7101 Mercy Road
Suite 101, IBX Building
OMAHA, NE 68106

Tel: (402) 392-0948
CMMS

Nevada
Hewilett-Packard Co.
Suite D-130

5030 Paradise Bivd.
LAS VEGAS, NV 89119
Tek: (702) 736-6610
MS**

New Jersey
Hewlett-Packard Co.
W120 Century Road
PARAMUS, NJ 076562
Tel: (201) 265-5000
A,CH,CM,CS EMP
Hewlett-Packard Co.
60 New England Av. West
PISCATAWAY, NJ 08854
Tel: (201) 981-1199
ACHCM,CCSE

New Mexico
Hewlett-Packard Co.

P.0. Box 11634
ALBUQUERQUE, NM 87112
11300 Lomas Blvd.,N.E.
ALBUQUERQUE, NM 87123
Tel: (505) 292-1330
Telex: 910-989-1185
CH,CS,EMS

New York
Hewlett-Packard Co.
5 Computer Drive South
ALBANY, NY 12205
Tel: (518) 458-1550
Telex: 710-444-4691
A.CH,EMS
Hewlett-Packard Co.
P.0. Box 297

9600 Main Street
CLARENCE, NY 14031
Tel: (716) 759-8621
Telex: 710-523-1893
CH

Hewleti-Packard Co.

200 Cross Keys Office
FAIRPORT, NY 14450
Tel: (716) 223-9950
Telex: 510-253-0092
CH,CM,CS,EMS
Hewlett-Packard Co.
7641 Henry Clay Bivd.
LIVERPOOL, NY 13088
Tel: (315) 451-1820
A,CH,CM.EMS
Hewlett-Packard Co.

No. 1 Pennsylvania Plaza
55th Floor

34th Street & 8th Avenue
NEW YORK, NY 10119
Tel: (212) 971-0800
CH,CSE* M*



SALES & SUPPORT OFFICES

Arranged Alphabetically by Country

Hewlett-Packard Co.
250 Westchester Avenue
WHITE PLAINS, NY 10604
CM,CH,CS,E
Hewlett-Packard Co.

3 Crossways Park West
WOODBURY, NY 11797
Tel: (516) 921-0300
Telex: 510-221-2183
A,CH,CM,CS.EMS

North Carolina
Hewlett-Packard Co.
4915 Water's Edge Drive
Suite 160

RALEIGH, NC 27606
Tel: (919) 851-3021
CM

Hewlett-Packard Co.
P.0. Box 26500
5605 Roanne Way
GREENSBORO, NC 27450
Tel: (919) 852-1800
A,CH,CM,CS,EMS
Ohio
Hewlett-Packard Co.
9920 Carver Road
CINCINNATI, OH 45242
Tel: (513) 891-9870
CH,CSMS
Hewlett-Packard Co.
16500 Sprague Road
CLEVELAND, OH 44130
Tel: (216) 243-7300
Telex: 810-423-9430
A,CH,CM,CS EMS
Hewlett-Packard Co.
962 Crupper Ave.
COLUMBUS, OH 43229
Tel: (614) 436-1041
CH,CM,CS,E*
Hewlett-Packard Co.
P.0. Box 280

330 Progress Rd.
DAYTON, OH 45449
Tel: (513) 859-8202
A,CH,CM,E* MS

Oklahoma
Hewlett-Packard Co.

P.0. Box 32008

Oklahoma City, OK 73123
1503 W. Gore Bivd., Suite #2
LAWTON, OK 73505

Tel: (405) 248-4248

[

Hewlett-Packard Co.

P.0. Box 32008
OKLAHOMA CITY, OK 73123
304 N. Meridian Avenue, Suite A
OKLAHOMA CITY, OK 73107
Tel: (405) 946-9499
A*.CHE* MS
Hewlett-Packard Co.

Suite 121

9920 E. 42nd Street
TULSA, OK 74145

Tel: (918) 665-3300

A** CHCSM*

Oregon
Hewlett-Packard Co.
1500 Valley River Drive
Suite 330

EUGENE, OR 97401

Tel: (503) 683-8075

c

Hewlett-Packard Co.
9255 S. W. Pioneer Court
WILSONVILLE, OR 97070
Tel: (503) 682-8000
ACH,CS,E* MS

Pennsylvania
Hewlett-Packard Co.

1021 8th Avenue

King of Prussia Industrial Park
KING OF PRUSSIA, PA 19406
Tel: (215) 265-7000

Telex: 510-660-2670
A,CH,CM,CS E,MP
Hewlett-Packard Co.

111 Zeta Drive
PITTSBURGH, PA 15238
Tel: (412) 782-0400
A,CH,CS,E,MP

South Carolina
Hewlett-Packard Co.

P.0. Box 21708
Brookside Park, Suite 122
1 Harbison Way
COLUMBIA, SC 29210

Tel: (803) 732-0400
CH,EMS

Hewlett-Packard Co.
Koger Executive Center
Chesterfield Bldg., Suite 124
GREENVILLE, SC 29615
Tel: (803) 748-5601

c

Tennessee
Hewlett-Packard Co.
P.0. Box 22490

224 Peters Road
Suite 102

KNOXVILLE, TN 37922
Tel: (615) 691-2371
A* CHMS
Hewlett-Packard Co.
3070 Directors Row
MEMPHIS, TN 38131
Tel: (901) 346-8370
A,CHMS
Hewlett-Packard Co.
230 Great Circle Road
Suite 216

NASHVILLE, TN 32228
Tel: (615) 255-1271
Ms**

Texas
Hewlett-Packard Co.
Suite 310W

7800 Shoalcreek Bivd.
AUSTIN, TX 78757

Tel: (512) 459-3143

E

Hewlett-Packard Co.
Suite C-110

4171 North Mesa

EL PASO, TX 79902
Tel: (915) 533-3555, 533-4489
CHE* MS**
Hewlett-Packard Co.
5020 Mark IV Parkway
FORT WORTH, TX 76106
Tel: (817) 625-6361
CH,CS*
Hewlett-Packard Co.
P.0. Box 42816
HOUSTON, TX 77042
10535 Harwin Street
HOUSTON, TX 77036
Tel: (713) 776-6400
A,CH,CM,CS E,MP
Hewlett-Packard Co.
3309 67th Street

Suite 24

LUBBOCK, TX 79413
Tel: (806) 799-4472
M

Hewilett-Packard Co.

417 Nolana Gardens, Suite C
P.0. Box 2256

MCALLEN, TX 78501

Tel: (512) 781-3226

CH,CS

Hewlett-Packard Co.

P.0. Box 1270
RICHARDSON, TX 75080

930 E. Campbell Rd.
RICHARDSON, TX 75081

Tel: (214) 231-6101
A,CH,CM,CS EMP
Hewlett-Packard Co.

P.0. Box 32993

SAN ANTONIO, TX 78216
1020 Central Parkway South
SAN ANTONIO, TX 78232

Tel: (512) 494-9336
CH,CSEMS

Utah

Hewlett-Packard Co.

P.0. Box 26626

3530 W. 2100 South
SALT LAKE CITY, UT 84119
Tel: (801) 974-1700
A,CH,CS,EMS

Virginia

Hewlett-Packard Co.

P.0. Box 9669

2914 Hungary Spring Road
RICHMOND, VA 23228

Tel: (804) 285-3431
A,CH,CS,EMS
Hewlett-Packard Co.

3106 Peters Creek Road, N.W.

ROANOKE, VA 24019

Tel: (703) 563-2205
CHE"*

Hewlett-Packard Co.
5700 Thurston Avenue
Suite 111

VIRGINIA BEACH, VA 23455
Tel: (804) 460-2471
CH,MS

Washington
Hewlett-Packard Co.
15815 S.E. 37th Street
BELLEVUE, WA 98006
Tel: (206) 643-4000
A,CH,CM,CS EMP
Hewlett-Packard Co.
Suite A

708 North Argonne Road
SPOKANE, WA 99206
Tel: (509) 922-7000
CH,CS

West Virginia
Hewlett-Packard Co.

4604 MacCorkle Ave., S.E.
CHARLESTON, WV 25304-4297
Tel: (304) 925-0492

AMS

Wisconsin
Hewlett-Packard Co.

150 S. Sunny Slope Road
BROOKFIELD, WI 53005
Tel: (414) 784-8800
ACH,CSE* MP

URUGUAY

Pablo Ferrando S.A.C. e L.
Avenida ltalia 2877

Casilla de Correo 370
MONTEVIDEO

Tel: 80-2586

Telex: Public Booth 901
ACMEM

753

Guillermo Kraft del Uruguay S.A.
Av. Lib. Brig. Gral. Lavalleja 2083
MONTEVIDEO

Tel: 234588, 234808, 208830
Telex: 22030 ACTOUR UY

P

VENEZUELA
Hewlett-Packard de Venezuela C.A.
3A Transversal Los Ruices Norte
Edificio Segre

Apartado 50933

CARACAS 1071

Tel: 239-4133

Telex: 25146 HEWPACK
A,CH,CS,EMS,P

Colimodio S.A.

Este 2 - Sur 21 No. 148
Apartado 1053

CARACAS 1010

Tel: 571-3511

Telex: 21529 COLMODIO

M

ZIMBABWE

Field Technical Sales
45 Kelvin Road, North
P.B. 3458

SALISBURY

Tel: 705 231

Telex: 4-122 RH
CEMP

Headquarters offices
If there is no sales office listed for your area,
contact one of these headquarters offices.

NORTH/CENTRAL

AFRICA

Hewlett-Packard S.A.

7 Rue du Bois-du-Lan
CH-1217 MEYRIN 2, Switzerland
Tel: (022) 98-96-51

Telex: 27835 hpse

Cable: HEWPACKSA Geneve

ASIA

Hewlett-Packard Asia Ltd.

6th Floor, Sun Hung Kai Center
30 Harbor Rd.

G.P.0. Box 795

HONG KONG

Tel: 5-832 3211

Telex: 66678 HEWPA HX
Cable: HEWPACK HONG KONG

CANADA

Hewlett-Packard (Canada) Ltd.
6877 Goreway Drive
MISSISSAUGA, Ontario L4V 1M8
Tel: (416) 678-9430

Telex: 610-492-4246

EASTERN EUROPE
Hewlett-Packard Ges.m.b.h.
Lieblgasse 1

P.0.Box 72

A-1222 VIENNA, Austria

Tel: (222) 2365110

Telex: 13 4425 HEPA A

NORTHERN EUROPE
Hewlett-Packard S.A.
Uilenstede 475

NL-1183 AG AMSTELVEEN
The Netherlands

P.0.Box 999

NL-1180 AZ AMSTELVEEN
The Netherlands

Tel: 20 437771

OTHER EUROPE
Hewlett-Packard S.A.

7 Rue du Bois-du-Lan

CH-1217 MEYRIN 2, Switzerland
Tel: (022) 98-96-51

Telex: 27835 hpse

Cable: HEWPACKSA Geneve
(Offices in the World Trade Center)

MEDITERRANEAN AND

MIDDLE EAST
Hewlett-Packard S.A.
Mediterranean and Middle East
Operations

Atrina Centre

32 Kifissias Ave.

Maroussi, ATHENS, Greece

Tel: 682 88 11

Telex: 21-6588 HPAT GR
Cable: HEWPACKSA Athens

EASTERN USA
Hewlett-Packard Co.
4 Choke Cherry Road
Rockville, MD 20850
Tel: (301) 258-2000

MIDWESTERN USA
Hewlett-Packard Co.

5201 Tollview Drive
ROLLING MEADOWS, IL 60008
Tel: (312) 255-9800

SOUTHERN USA
Hewlett-Packard Co.

P.0. Box 105005

450 Interstate N. Parkway
ATLANTA, GA 30339

Tel: (404) 955-1500

WESTERN USA
Hewilett-Packard Co.
3939 Lankersim Blvd.
LOS ANGELES, CA 91604
Tel: (213) 877-1282

OTHER INTERNATIONAL

AREAS

Hewlett-Packard Co.
Intercontinental Headquarters
3495 Deer Creek Road
PALO ALTO, CA 94304

Tel: (415) 857-1501

Telex: 034-8300

Cable: HEWPACK

APPENDIX







For more information call your local HP Sales Office or East (301) 948-6370, Midwest (312) 255-9800, South (404) 955-1500, West (213)
970-7500. Or write: Hewlett-Packard Components, 640 Page Mill Road, Palo Alto, California 94304. In Europe, Hewlett-Packard GmbH, P.O.
Box 250, Herrenberger Str. 110, D-7030 Boeblingen, West Germany. In Japan, YHP, 3-29-21, Takaido-Higashi, Suginami-Ku, Tokyo 168.

Priﬁtéd, in U.S,.VA. Data Subject to Change Revised from 5953-7723 5953-9304 (1/83)
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