




























































































































































































































































































































































































































































































































































































































































































































































































































































































































The calculation of the required IF to allow for worst case 
LED degradation is approached by guardbanding the 
guaranteed minimum isolator input current, IFH, for a 
specif1ed IOL and VOL interface. Equation (35) shows 
the relationship of the Ip to IF for this coupler. 

Ip Q (IF)n • where 1.1 .;; n .;; 1.3 (35) 

Using the concept that the guardbanding of the initial value 
of IF will result in a similarly guardbanded Ip, the 
relationship presented in Equation (36) results: 

[
1 _ °H20l = [lpH l = [IFH l n 

100 J [lpJ IF J 

(36) 

(37) 

[ OX+.20]n 
1----

100 

The previous interface example showed that the first term 
of the Dx + 20 equation dominated the magnitude of the 
worst case degradation. This term, AoRQtn(R), i.e., 
(9.7 t(k hr)"25), does not contain an IF current dependent 
term; thus, an approximation of the worst case LED 
degradation can be made that relates to the system's 
lifetime. This initial value of Dx + 20 can be used in 
Equation (37) to calculate the initial value of the IF. 
With this initial IF, a more accurate degradation value 
can be calculated using Equation (28). This procedure 
results in an iterative process to zero in on a value of IF 
that will insure reliable operation. 

The following example will illustrate this approach. 

Example 4. 

System Specifications 

Data Rate 
Logic Family 
Power Supply 1 and 2 
Component Tolerance 
Temperature Range 
Expected System Lifetime 

6MHzNRZ 
LSTTL to TTL 
5V± 5% 
±5% 
o -70°C 
203k hr (23 yr) at 50% 
System Use Time and 
50% Data Duty Factor 

Step 1. Determine the continuous operation time for 
LED emitter 

tcontinuous 
lifetime 

= [ts!st~m ] [Data Duty] System use] 
hfetlme L Factor Factor 

[23 yr 8.76k hr/yr] [50% ] [50%] 

50.3k hr 
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Step 2. Calculate the worst case LED degradation 

O ~ 97 t .25 
x + 20 ~ . (k hr) 

o ~ 9.7 (50.3)·25 x+20 ~ 

Ox +20"" 26% 

Step 3. Calculate the first approximation of guard banded 
IF' n=1.2 

5mA 

.78 

Step 4. Calculate input resistor Rin 

Vcc1 (MIN) - V F (MAX) - VOL 
Rin .;; ------------------------­

IF 

4.75 - 1.7 -.4 
Rin .;; -----­

.00641 

Rin .;; 413n select' Rin 390n ± 5% 

Rin (MAX) 

Rin (MAX) = 409n 

Rin (MIN) = 370n 

Step 5. Calculate the I F (MAX) 

6.41 mA 

IF (MAX) 
V ccl (MAX) - V F (MIN) - VOL 

Rin (MIN) 

5.25 - 1.4 - .4 

370 

9.32 mA 

Step 6. Calculate the worst case OJ( + 20 for I F (MAX) 

OJ( + 20 = 25.8"'{' + .747 (9.32 mA - 14.13 mAl 

OJ( + 20 22.2% 



( 

Step 7. Calculate the new minimum required 'F at end 
of life based on degradation found in Step 6. 

'FH 5 
I 6.16mA 
F(EOl) [ - 22.2 T 11.2 .81 

100 

Step 8. Calculate 'F (MIN) 

'F (MIN) 
V cc1 (MIN) - V F (MAX) - VOL 

Rin (MAX) 

'F (MIN) = 
4.75 - 1.7 - .4 

409 

'F (MIN) = 6.47 mA 

Step 9. Rl (MIN) • m = 1 

V cc2 (MAX) - VOL 
Rl(MIN) 

'Ol (MIN)- mi,l 

5.25 -.6 

.016 - .0016 

Rl(MIN) 332n 

Step 10. Rl (MAX) • m = 1 

Rl (MAX) 
V cc2 (MAX) - VOH 

'OH (MAX) + ml'H 

4.75 -2.4 
Rl (MAX) 250llA + 40llA 

Rl (MAX) = 8.1kn 
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Step 11. Minimum % Emitter Degradation Guardband 

[
'F (EOl) J 

%(MIN) = 1 - --- 100 
'F (MIN) 

[ 
6.16mA ] 

4.8% = 1 - --- 100 
6.47 mA 

(38) 

where IF (EOl) represents the switching threshold at the 
end of life. 

Step 12. Maximum % Emitter Degradation Guardband 

[
'F (EOl)] 

%(MAX) = 1 - 100 
'F (MAX) 

(39) 

[ 
6.16mA J 34% = 1---- 100 
9.32 mA 

The conclusions that are to be drawn from this analysis are 
that as long as the IF (MAX) is less than I FS = 14. I 3 rnA, 
the worst·worst case CTR aegradation may be calculated 
using only the first term, AoRO!tn(R), of the Dx + 20 case. 
In the example presented, 26% degradation was determined 
from the first term, and when the more accurate calculation 
using Equation (28) was used, a 22% degradation re­
sulted. The end of life IF guardband may be calculated 
using Equations (38) and (39). Using Equation (38), 
the minimum guardband is 5.7%, and with Equation (39), 
the maximum guardband is 35%. 



Fli;' HEWLETT 
~r.. PACKARD APPLICATION NOTE 1003 

Interfacing 18 Segment Displays 
to Microprocessors 

INTRODUCTION 

Over the past four years, the need for alphanumeric 
displays has grown very rapidly due to the extensive use of 
microprocessors in new system designs. The HDSP-6508 
and HDSP-6300 alphanumeric displays were developed to 
provide a low cost, easy-to-use alternative to 5x7 dot 
matrix displays. These displays use an 18 segment display 
font that includes a centered decimal point and colon for 
increased readability. This font is capable of displaying 
the 64 character ASCII subset (numbers, punctuation 
symbols, and upper case alphabet) as well as many 
special purpose symbols" The HDSP-6504 and HDSP-
6508 are 3.81 mm (0.150") red 4 or 8 character displays in a 
dual-in-line package. The HDSP-6300 is a 3.56 mm 
(0.140") red 8 character display in a dual-in-line package. 
The HDSP-6508 has character-to-character spacing on 
6.35 mm (0.250") centers while the HDSP-6300 has 
character-to-character spacing on 5.08 mm (0.200") 
centers. Paralleling the development of these alpha­
numeric displays have been the introduction of several 
new display interface circuits that simplify the use of the 
18 segment display. These circuits include an ASCII to 18 
segment decoderldriver and improved NPN Darlington 
digit drivers that are designed to interface directly to 5 volt 
digital logic. This Application Note deals with several 
techniques to interface the 18 segment display to 
microprocessor systems. Depending upon the overall 
system configuration, microprocessor time available to 
dedicate to display support, and the type of information to 
be displayed, the system designer would choose the best 
interface technique to drive an 18 segment display. 

DISPLAY INTERFACE TECHNIQUES 
This application note will deal with four different 
techniques, as shown in Figure 1 a-d, for interfacing the 
HDSP-6508 and HDSP-6300 displays to microprocessor 
systems. 

1a. The REFRESH CONTROLLER interfaces the micro­
processor system to a multiplexed LED display. The 
controller periodically interrupts the microprocessor 
and after each interrupt, the microprocessor supplies 
new display data for the next refresh cycle of the 
display. 
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1 b. The DECODED DATA CONTROLLER refreshes a 
multiplexed LED display independently from the 
microprocessor system. A local RAM stores decoded 
display data. This data is continuously read from the 
RAM and then used to refresh the display. Whenever 
the display message is changed, the microprocessor 
decodes each character in software and writes the 
decoded data into the local RAM. 

1c. The CODED DATA CONTROLLER also refreshes a 
multiplexed LED display independently from the 
microprocessor system. The local RAM stores ASCII 
data which is continuously read from the RAM, 
decoded, and used to refresh the display. The display 
message is changed by writing new ASCII characters 
within the local RAM. 

1d. The DISPLAY PROCESSOR CONTROLLER uses a 
separate microprocessor to drive the LED display. 
This microprocessor provides ASCII storage, ASCII 
decode, and display refresh independently from the 
main microprocessor system. Software within the 
dedicated microprocessor provides many powerful' 
features not available in the other controllers. The 
main microprocessor updates the LED display by 
sending new ASCII characters to the slave micro­
processor. 

COMPARISON OF INTERFACE TECHNIQUES 
The choice of a particular interface is an important consid­
eration because it affects the design of the entire micro­
processor system. Each interface requires one or more 
memory or 1/0 addresses. These addresses are generated 
by decoding the microprocessor address bus. The display 
decoder can be located within the microprocessor 
program or as circuitry within the display interface. 
Location of the display decoder within the micro­
processor program gives the designer total control of the 
display font within the program. This feature can be 
particularly important if the display will be used to display 
different languages and special graphics symbols. The 
interface technique chosen may limit or interfere with 
some programming techniques used in the rest of the 
microprocessor program. For example, the use of an 
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INTERRUPT REQUEST 

·PROGRAM + ASCII LOOKUP TABLE 
"SCRATCHPAD WITH OR 

WITHOUT DECODED 
ASCII LOOKUP TABLE 

___ ~E~~~D..EI~L~Y!.._ 
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I 

I : L ______________ ..J 

Figure la. REFRESH CONTROLLER Display Interface 

SEGMENTED DISPLAYS 
1-- - - - -COOEDDAr';-CONT-;OUER - - --I 

• PROGRAM 
.. SCRATCHPAD 

SYSTEM CLOCK 

I 
I L _________________ _ 

Figure lc. CODED DATA CONTROLLER Display Interface 

interrupt may restrict the use of some programming 
techniques used in the interruptable portions of the 
microprocessor program. 

The REFRESH CONTROLLER requires continuous inter­
action from the microprocessor system. Since the micro­
processor actively strobes the LED display, the display 
interface circuitry is reduced. Generally, this technique 
provides the lowest hardware cost for any given display 
length. The display decoder can be located either within 
the microprocessor program or as circuitry within the 
interface. Display strobing is accomplished through use 
of the microprocessor interrupt circuitry. Demands upon 
microprocessor time are directly proportional to display 
length. 

I 
I 
I 
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Figure lb. DECODED DATA CONTROLLER Display Interface 

SEGMENTED DISPLAYS r - - - DISPL;Y PROC'EUoR'CONTROlLER - -1 
~~~~~~I~ : 

SLAVE 
MICRO· 
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1--_..1-__ ..1-_--..1 ESSOR 

·PROGRAM 
··SCRATCHPAD 

I 
I 
I 
I 
I 
I 
I 
I 
I L _______________ _ 

Figure ld. DISPLAY PROCESSOR CONTROLLER Display 
Interlace 

I 
I 
I 

The DECODED DATA CONTROLLER and CODED DATA 
CONTROLLER require microprocessor interaction only 
when the display message is changed. Both techniques 
employ a local RAM memory that is continuously scanned 
by the display interface electronics. For the DECODED 
DATA CONTROLLER, the display decoder is located 
within the microprocessor software and the local RAM 
stores decoded display data. The CODED DATA 
CONTROLLER includes the display decoder within the 
display interface circuitry and the local RAM stores ASCII 
data. Since ASCII data is more compact than decoded 
display data, the CODED DATA CONTROLLER uses a 
smaller RAM than the DECODED DATA CONTROLLER. 
Both techniques allow the microprocessor to individually 



change each display character by a memory or I/O write to 
a specific display address. These interface techniques can 
accept new data at a very high rate. 

The DISPLAY PROCESSOR CONTROLLER. like the 
previously defined CODED and DECODED DATA 
CONTROLLERS. requires microprocessor interaction 
only when the display message is changed. By using a 
dedicated microprocessor. the DISPLAY PROCESSOR 
CONTROLLER provides many additional display fea­
tures. These features include multiple entry modes. a 
blinking cursor. editing commands. and a data output 
function. The software with the DISPLAY PROCESSOR 
CONTROLLER further reduces microprocessor inter­
action by providing more sophisticated data entry modes 
compared to the RAM entry mode provided by the 
DECODED DATA and CODED DATA CONTROLLERS. 
The display decoder can either be designed into the 
dedicated display microprocessor or can be located 
within a separate PROM. The use of a PROM allows the 
user to provide a special character font with additional 
circuitry. The DISPLAY PROCESSOR CONTROLLER 
does not allow as high a data entry rate as either the 
DECODED DATA or CODED DATA CONTROLLERS. 

MICROPROCESSOR OPERATION 
In order to effectively utilize the interface techniques out­
lined in the following sections. an understanding of micro­
processor fundamentals is required. A brief description of 
microprocessor fundamentals is included in the following 
section. A microprocessor system usually consists of a 
microprocessor. ROM memory. RAM memory. and a 
specific I/O interface as outline in Figure 2. The micro­
processor performs the desired system function by 
executing a program stored within the ROM. The RAM 
memory provides temporary storage for the micro­
processor system. The I/O interface consists of circuitry 
that is used as an input to the system or as an output from 
the system. The microprocessor interfaces to this system 

through an address bus. data bus. and control bus. The 
address bus consists of several outputs (Ao. A1 •... An) from 
the microprocessor which collectively specify a binary 
number. This number or "address" uniquely specifies 
each word in the ROM memory. RAM memory. and I/O 
interface. The data bus serves as an input to the 
microprocessor during a memory or input read and as an 
output from the microprocessor during a memory or 
output write. The control bus provides the required timing 
and signals to the microprocessor system to distinguish a 
memory read from a memory write. and in some systems 
an I/O read from an I/O write. These control lines and the 
timing between the address bus. data bus. and control bus 
vary for different microprocessors. 

The address. data. and control buses provide the flow of 
instructions and data into the microprocesor. Program 
execution consists of a series of memory reads 
(instruction fetches) which are sometimes followed by a 
memory read or write (instruction execution). The 
microprocessor performs a memory read by outputting 
the memory address of the word to be read on the address 
bus. This address uniquely specifies a word within the 
memory system. The microprocessor also outputs a 
signal on the control bus. which instructs the memory 
system to perform a memory read. The address selects 
one memory element. either RAM or ROM. within the 
memory system. Then. the desired word within the 
selected memory element is gated on the data bus by the 
read signal. Meanwhile. the unselected memory elements 
tristate their output lines so that only the selected memory 
element is active on the data bus. After sufficient delay. the 
microprocessor reads the word that appears on the data 
bus. Similarly. for a memory write. the microprocessor 
outputs the memory address of the word to be written on 
the address bus. After sufficient delay. the micro­
processor outputs a signal on the control bus. which 
instructs the memory system to perform a memory write. 

ADDRESS BUS, CONTROL BUS 

INPUT MICRO· 
PROCESSOR 

RAM 

DATA BUS 

Figure 2. Block Diagram of a Typical Microprocessor System 
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ROM OUTPUT 
PORT 

OUTPUT 
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The microprocessor also outputs the desired memory 
word on the data bus. The address selects one RAM 
memory element within the memory system. The write 
signal causes the memory element to read the word on the 
data bus and store it atthedesired location. Afterthewrite 
cycle has been completed, the new word will have 
replaced the previous word within the RAM memory. 
During the memory write, outputs from the unselected 
memory elements remain tristated so that only the 
microprocessor is active on the data bus. These control 
lines and the timing for the address bus, data bus, and 
control bus vary for different microprocessors. 

Some microprocessors, such as the Motorola 6800 micro­
processor family, handle memory and I/O in exactly the 
same way. Memory and I/O occupy a common address 
space and are accessed by the same instructions. With 
this type of microprocessor, the hardware decoding of the 
address bus determines whether the read or write is to a 
memory or I/O element. Other microprocessors, such as 
the Intel 8080A, Intel 8085A, and the Zilog Z-80 have 
separate address spaces for memory and I/O. These 
microprocessors use different instructions for a memory 
access or an I/O access and provide signals on the control 
bus to distinguish between memory and I/O. One 
advantage of this approach is that the I/O address space 
can be made smaller to simplify device decoding. 
However, the I/O instructions that are available are usually 
not as powerful as the memory reference instructions. Of 
course, the user can always locate specific I/O devices 
within the memory address space through proper 
decoding of the address and control buses. This would 
allow these I/O devices to be accessed with memory 
reference instructions. 

The 6800 microprocessor family has a 161ine address bus, 
81ine data bus, and a control bus that includes the signals 
VMA (Valid Memory Address), R/W (Read/Write), DBE 
(Data Bus Enable), and clock signals </>1 and </>2. R/W 
specifies either a memory read or write while VMA is used 
in conjunction with R/W to specify a valid memory 
address. DBE gates the internal data bus of the 6800 to the 
external data bus. I n many applications, DBE is connected 
to </>2. Additional data hold time, tH, can be achieved by 
delaying </>2 to the microprocessor or by extending DBE 
beyond the falling edge of </>2. The timing between the 
address bus, data bus, VMA, and R/W for a memory write 
is shown in Figure 3. 

For the 8080A microprocessor, the address bus consists 
of 16 lines, the data bus consists of 8lines, and the control 
bus consists of several lines including DBIN (Data Bus In), 
WR (Write), SYNC (Synchronizin~gnal), READY, and 
clock signals </>1 and </>2. DBIN and WR are used to specify 
a read or write operation. The 8080A microprocessor 
distinguishes memory from I/O through the use of a status 
word that precedes every machine cycle. When SYNC is 
high, the status word should be loaded into an octal latch 
on the positive edge of </>1. The outputs from the latch can 
then be decoded to specify whether the machine cycle is a 
memory write, memory read, I/O write, or I/O read. The 
Intel 8228 or 8238 System Controller provides this status 
latch and additionall~codes the outputs of the status 
latch with DBIN and WR to generate four timing signals 
MEM R (Memory Read), MEM W (Memory Write), I/O R 
(I/O Read), and I/O W (I/O Write). However, the 8228 and 
8238 do not provide the outputs of the status latch. The 
timing between the address bus, data bus, WR, and SYNC 

433 

MEMORY WRITE BUS TIMING lOBE -<1>2' 

i"'1'~~~~~-'CYC ~~~----.(·I 

~ i--I -

~:'~-----'u~T~::::::::::~'Ir---1: 
: I : 
! ~ tEH -----+01 ! 

ADDRESS BUS : ! VALID ADDRESS ! i 
IA15 ..;. AO' I _~;:::=~: =:;;-:===::;t-: ----t:;o :-;:~ 
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(MAX 

6800. tCYC· 1OOO 22. 

68AOO. teye '" 666 200 

68800, tcVC· 500 '6. 
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t21MINI .. tEHIMINI- tODwlMAXl 
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" 'AH '2 

63. 30 22. 
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290 3. ao 

From MOTOROLA SEMICONDUCTOR MC6800 Data Sheet 
(059471),1978 

'H 

,. 
,. 
,. 

Figure 3. Memory Write Timing for the Motorola 6800 
Microprocessor Family. 
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for both a memory write and an I/O write is shown in 
Figure 4. The 8080A also provides an input, READY, which 
allows the memory system to extend the time the address 
and data bus is valid by integral clock cycles. 

REFRESH CONTROLLERS 
Figure 5 shows a REFRESH CONTROLLER for a 16 
character 18 segment alphanumeric display. The circuit 
operates by interrupting the microprocessor at a 1600 Hz 
rate. Following each interrupt, the microprocessor 
responds by outputting a new ASCII character to the 
Texas Instruments AC5947 ASCII to 18 Segment 
Decoder/Driver and a new digit word to the 74LS174. The 
character font for the AC5947 is shown in Figure 6. The 
outputs of the 74LS174 are decoded such that digit word 
0016 turns the leftmost display character on, digit word 
OF16 turns the rightmost display character on, and digit 
word 1 F16 turns all digits off. The interface can be 
expanded to 24 characters with an additional Signetics 
NE590 driver. This change would also require modifi­
cations in IF peak, and the interrupt rate. 
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pteceeding the falling edge of 
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Figure 4. Memory and I/O Write Timing lor the Intel 8080A Microprocessor Family 
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Figure 5. 6800 or 8080A Microprocessor Interlace to the HDSP-6508 REFRESH CONTROLLER Utilizing the Texas Instruments 
AC5947 ASCII to 18 Segment Decoder/Driver 
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0 3 0 0 0 0 0 0 0 0 , , , , , , , , 
BITS O2 0 0 0 0 , , , , 0 0 0 0 , , , , 

0, 0 0 , , 0 0 1 , 0 0 , , 0 0 , , 
DO 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 

D6 05 04 HEX 0 , 2 3 4 5 6 7 8 9 A B C ° E F 

o 1 0 2 (space) I 1/ I 9] % 1: I < > * + - / / 

o 1 , 3 0 I [1 3 Y 5 6 1 B g / L -
~ ? -

, 0 0 4 [!:! R B [ ] E F G H I J I-< L M N 0 
1 0 1 5 P Q R 5 T U V W X Y Z [ \ J / ~ 

Figure 6, 18 Segment Display Font for the Texas Instruments AC5947 ASCII to 18 Segment Decoder/Driver 

A 6800 microprocessor program that interfaces to this 
REFRESH controller is shown in Figure 7, Following each 
interrupt, the program "RFRSH" is executed. The program 
uses a scratch pad register "POI NT" that points to the 
location within a 16 byte ASCII message of the next ASCII 
character to be stored in the display interface. The scratch 
pad register "DIGIT" contains the next digit word to be 
loaded into the display interface. The program interfaces 
to the circuit through two memory or I/O addresses. A 
memory write to address "SEG" writes a six bit word into 
the AC5947, and a memory write to address "DIG" writes a 
five bit word into the 74LS174. To prevent undesirable 
ghosting, the digit drivers are turned off prior to loading 
the next ASCII character into the AC5947. After sufficient 

LOC OBJECT CODE SOURCE STATEMENTS 

BF04 SEG EQU SBF04 
BF05 DIG EQU $BF05 

0000 0003 POINT FDB DATA 
0002 00 DIGIT FCB 0 
0003 DATA RMB 16 

0400 ORG $0400 
0400 DE 00 RFRSH LDX D,POINT 
0402 E6 00 LDAB X,D 
0404 86 IF LDAA I.SIF 
0406 B7 BF05 STA A E,DIG 
0409 F7 BF04 STA B E,SEG 
040C 96 02 LDAA D,DIGIT 
040E 81 OF CMPA 1,15 
0410 27 OA BEQ LOOP I 
0412 7C 0002 INC E.DlGIT 
0415 08 INX 
0416 B7 BF05 STAA E.DlG 
0419 DF 00 STX D,POlNT 
041B 3B RTI 
041C 7F 0002 LOOP I CLR E,DlGIT 
041F F6 0001 LDAB E,POINT+I 
0422 87 BF05 STAA E.DlG 
0425 CO OF SUB B 1.15 
0427 D7 01 STA B D,POINT+I 
0429 24 03 BCC LOOP2 
042B 7A 0000 DEC E,POINT 
042E 3B LOOP2 RTI 

delay, the next digit is turned on. Registers "POINT" and 
"DIGIT" are then updated by the program. Following 
execution of the "RTI" instruction, execution of the main 
program is resumed. A similar program written for an 
8080A microprocessor is shown in Figure 8. The 6800 
microprocessor program shown in Figure 7 operated with 
a 1 MHz clock requires 0.11% + 0.72n% of the available 
microprocessor time to refresh the display at a 100 Hz 
refresh rate, where n is the display length. The 8080A 
microprocessor program shown in Figure 8 when 
operated with a 2 MHz clock requires 0.31% + 0.96n% of 
the available microprocessor time to refresh the display at 
a 100 Hz refresh rate, where n is the display length. For 
example, the 16 character display shown in Figure 5 

YES 
A = 157 

e 
Figure 7. 6800 Microprocessor Program and Flowchart that Interfaces to the REFRESH CONTROLLER Shown in Figure 5 
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LOC OBJECT CODE SOURCE STATEMENTS 

OOIC SEG EQU OOICH 
OOID DIG EQU OOIDH 

ORG OEOOOH 
EOOO 03 EO POINT DW DATA 
E002 00 DIGIT DB OOH 
E003 00 DATA DS 16 

ORG OE4ooH 
E400 F5 RFRSH PUSH PSW 
E401 E5 PUSH H 
E402 2A ooEO LHLD POINT 
E405 3E IF MYI A,IFH 
E407 D3 ID OUT DIG 
E409 7E MOY A,M 
E40A D3 IC OUT SEG 
E40C 3A 02EO LDA DIGIT 
E40F D3 ID OUT DIG 
E411 FE OF CPI 15 
E413 CA 21E4 JZ LOOP I 
E416 3C INR A 
E417 32 02EO STA DIGIT 
E41A 23 INX H 
E41B 22 OOEO LOOP2 SHLD POINT 
E4IE EI POP H 
E4IF FI POP PSW 
E420 C9 RET 
E421 3E 00 LOOPI MYI A,O 
E423 32 02EO STA DIGIT 
E426 7D MOY A,L 
E427 D6 OF SUI IS 
E429 6F MOY L,A 
E42A D2 IBE4 JNC LOOP2 
E42D 2S OCR H 
E42E C3 IBE4 JMP LOOP2 

Figure S. SOSOA Microprocessor Program and Flowchart that Interfaces to the REFRESH CONTROLLER Shown In Figure 5 

requires 11.6% of the 6800 microprocessor time or 15.7% 
of the 8080A microprocessor time to refresh the display at 
a 100 Hz refresh rate. Faster versions of the 6800 and 
8080A microprocessors can reduce this microprocessor 
time by 50%. 

DECODED CONTROLLERS 
Figure 9 shows a DECODED DATA CONTROLLER 
designed for a 32 character 18 segment alphanumeric 
display. To simplify the circuitry. the display is configured 
as a 14 segment display with decimal point and colon. This 
allows each display character to be specified by two 8 bit 
words. One possible display font is shown in Figure 10. 
The Motorola 6810 RAM stores 64 bytes of display data 
that are continually read and displayed. The display data 
is organized within the RAM such that addresses As. A4. 
A3. A2. and A1 specify the desired character and address 
Ao differentiates between the two words of display data for 
each character. The display data is formatted such that 
word 0 (07-00) is decoded as G2. G1. F. E. D. C. B. and A; 
and word 1 (07-00) is decoded as COLON. DP. M. L. K. J. 
I. and H. The display data is coded low true such that a low 
output turns the appropriate segment on. Strobing of the 
display is accomplished with the 74LS14 oscillator and 
74LS393 counter. The counter continuously reads display 
data from the RAM and enables the appropriate digit 
driver. The time allotted to each digit is broken into four 
segments. During the first segment of time. the display is 
turned off and work 0 is read from the RAM and stored in 
the 74LS273 octal register. During the next three 
segments of time. word 1 is read from the RAM and the 
display is turned on. Thus. the display duty factor is (1/32) 
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(3/4) or 1/42.6. For values of Rand C specified. the display 
is strobed at a 130 Hz refresh rate. 

Data is entered into the RAM from the address and data 
bus of the microprocessor via two control lines. Chip 
Select and Write. When Chip Select goes low. the address 
generated by the counter is disabled and the micro­
processor address and data bus ~ted to the RAM. 
Then. after sufficient delay. the Write input is pulsed. 
which stores the data within the RAM. The data entry 
timing for the 18 segment DECODED DATA CON-. 
TROLLER is shown in Figure 11. Because of the 
requirement that the address inputs of the 6810 RAM must 
be stable prior to the falling edge of Write. Chip Select 
should go low for time tcw prior to the falling edge of 
Write. To guarantee thatthe address and data inputs of the 
RAM remain stable until after Write goes high. Chip Select 
should remain low fortime tCH following the rising edge of 
Write. This requirement for two separate timing signals is 
also required for the CODED DATA CONTROLLER 
shown in Figure 15. Because this interface timing is 
somewhat more difficult than the previously described 
circuits. the following methods are presented for 
interfacing to commonly used microprocessors. 

Interface to the 6800 microprocessor family is accom­
plished by NAN Ding together VMA and some specified 
combination of high order address lines to generate Chip 
Select and using cf>2 to generate Write. 

For the 8080A and 8085A microprocessor families. the 
limited flexibility of the output instruction requires that the 
18 segment DECODED DATA CONTROLLER must be 
addressed as memory instead of 1/0. The 8080A micro-
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8080A MICROPROCESSOR INTERFACE (UTILIZING 8233 SYSTEM CONTROLLER) 

.,,---=----'1 
A14 ---t-:-:-r""" 

A13 :1 
A12 • 

MEMW----------------~ 
FROM INTEL 8238 SYSTEM CONTROllER 

"2 (TTll ____________ J-======J------.J 
FROM INTEl 8224 CLOCK GENERATOR 



0 3 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 

BITS O2 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
0 1 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 

DO 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

0 6 0 5 D. HEX 0 1 2 3 • 5 6 7 B 9 A B C ° E F 

o 1 0 2 (space) I " I :E % .E I < > *- + - / / 

o 1 1 3 0 I 2 =:I y ~ 5 l B 9 L - ~ ? / -

1 0 0 • [E R B [ lJ E F G H I J I-< L M N 0 
1 0 1 5 P Q R 5 T U V W X Y Z ~ \ 1 1\ --

Figure 10. One Possible 16 Segment Display Font (14 Segments Plus Decimal Point and Colon) lor the DECODED DATA CONTROLLER 
Shown In Figure 9. 

processor requires an external status latch to hold status 
information provided during program execution. This 
status latch function can be implemented with an octal 
register such as the Intel 8212 or 74LS273. A Memory 
Write signal can be generated by NORing together all 
outputs of this status latch. This signal can then be 
NANDed with some specified combination of high order 
address lines to generate Chip Select. The 8080A WR 
output can then be connected to Write. The Intel 8238 
System Controller, which is commonly used with the 
8080A microprocessor, prevents direct access to the 
outputs of the status latch. An example of an interfacing to 

GENERAL INTERFACE 

'wc 
7'cw---- tWR ----- • t= 

-l-
ADDRESS X X 

-I='AW- - 'CH}=t-
"'\ 

DATA 

WAITE 

ADDRESS 

DATA 

o (CHiPSELEcT, 

'I 
tow ------. I-- 'OH_ 

X 
'w. . 

6800 MICROPROCESSOR INTERFACE 

I : VALID ADDRESS I: 
~------------~I 

I 
I 
I 

~ __ --r-..... I 

a system utilizing the 8238 is illustrated in Figure 9. MEM 
IN from the 8238 is inverted and then NANDed with some 
specified combination of high order address lines to 
generate Chip Select. The 74LS113 generates Write from 
the microprocessor clock, <1>2 (TTL). 

Interface to the 808SA microprocessor family can be 
accomplished by inverting the IIOIM output and 
NAN Ding the resulting signal with the So output and some 
specified combination of high order address lines to 
generate Chip Select. The WR output from the 
microprocessor is connected directly to Write. 

PARAMETER SYMBOL MIN. 

WRITE CYCLE 'WC 425n5 

WRITE DELAY 'AW 65n5 

~·ENAB·LE TO WRITE 'cw 65n5 

DATA seTUP 'ow 21005 

DATA HOLD 'OH 35ns 

WRITE PULSE 'wp 325m 

WRITE RECOVERY 'WR 25m 

CHIP ENABLE HOLD 'CH 35m 

8080A MICROPROCESSOR INTERFACE 

1>2 ITTLI 
FROM 8224 

ADDRESS 

DATA 

MEM W (CHIP SELECT) 
FROM 8238 

o (WRITE) 

I 
I 

:VALlOO+ i I 
I I .... 1 ___ __ 

: : I 
1 I 

------~~r------

Figure 11. Data Entry Timing lor the DECODED DATA CONTROLLER Shown in Figure 9 
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9 
PAD'''''' ADDRE'SS OF DISPLAY 

LOC OBJECT CODE SOURCE STATEMENTS 

BFOO DSPLY EQU IBFOO 
0600 DECDR EQU 10600 

0000 0006 ASCII FDB MESSGE 
0002 BFOO PADI FDB DSPLY 
0004 0600 PAD2 FDB DECDR 
0006 MESSGE RMB 32 

0400 ORG 10400 
0400 CE BFOO LOAD LOX I,DSPLY 
0403 DF 02 STX D,PADI 
0405 CE 0600 LOX I,DECDR 
0408 DF 04 STX D,PAD2 
040A DE 00 LOOP I LDX D,ASCII 
040C A6 00 LOA A X,O NOT DONE 
040E 08 INX 
040F DF 00 STX D,ASCli 
0411 48 ASLA 
0412 97 05 STAA D,PAD2+1 
0414 DE 04 LOX D,PAD2 
0416 A6 00 LOA A X,D 
0418 E6 01 LDAB X,I 
04IA DE 02 LOX D,PADI 
041C A7 00 STAA X,O 
041E 08 INX 
04lF E7 00 STA B X,O 
0421 08 INX 
0422 DF 02 STX D,PADI 
0424 8C BF40 CPX I,DSPLY+64 
0427 26 EI BNE LOOPI 
0429 39 RTS 

PAD1 ,. ADDRESS OF NO 
OISPlA Y + 64? (lOOP1) 

Figure 12. 6800 Microprocessor Program and Flowchart that Interlaces to the DECODED DATA CONTROLLER Shown In Figure 9 

The simplest interface to the Z-80 microprocessor family 
is accomplished by addressing the 18 segment DE­
CODED DATA CONTROLLER as 1/0 instead of memory, 
An example of this interface is shown in Figure 15, The 
lORa output is inverted and NANDed with some specified 
combination of address lines to generate Chip Select. The 
74LSl13 circuit generates Write from the inverted micro­
processor clock ~, 

A 6800 microprocessor program that interfaces to the 18 
segment DECODED DATA CONTROLLER is shown in 
Figure 12. This program decodes 32 ASCII characters and 
stores the resulting decoded display data within the 
display, The scratch pad register "ASCII" points to the 
location of the next ASCII character to be decoded, The 
program reads the first ASCII character, increments the 
point, "ASCII," and then looks up two words of display 
data within the 64 character ASCII look-up table 
"DECDR," These words of display data are then stored at 
the two addresses for the leftmost display location, 
Subsequent ASCII characters are decoded, and stored at 
the appropriate address within the display until all 32 
characters have been decoded, After the program is 
finished, the pOinter "ASCII" will have been incremented 
by 32, This program requires 2,4 ms for a 1 MHz clock to 
decode and load 32 ASCII characters into the 18 segment 
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DECODED DATA CONTROLLER, The corresponding 
8080A microprocessor program is shown in Figure 13, 
This program requires 1.4 ms for a 2 MHz clock to decode 
and load 32 ASCII characters into the 18 segment 
DECODED DATA CONTROLLER. 

The 64 character ASCII font shown in Figure 10 can be 
generated using the table shown in Figure 14. This ASCII 
decoder uses two 8 bit words to represent each ASCII 
character. The format of the decoder is consistent with 
either the 6800 microprocessor program shown in Figure 
12 or the 8080A microprocessor program shown in Figure 
13. 

CODED DATA CONTROLLERS 

Figure 15 shows a CODED DATA CONTROLLER 
designed for a 32 character 18 segment alphanumeric 
display, Operation of this circuit is similar to the 
DECODED DATA CONTROLLER shown in Figure 9 
except that the Motorola 6810 RAM stores 32 six bitASC11 
words and the Texas Instruments AC5947 decodes this 
ASCII data into 18 segment display data, The resulting 
display font is shown in Figure 6, Strobing of the display is 
accomplished by the 74LS14 oscillator and 74LS393 
counter. Because the long propagation delay through the 
AC5947 tends to cause display ghosting, the display is 



we OBJECT CODE SOURCE STATEMENTS 

BFoo DSPLY EQU OBFOOH 

ORG OEOooH 
EOOO 02 EO ASCIJ DW DATA 
E002 00 DATA DS 32 

ORG 0E400H 
E400 01 ooBF WAD LXI B,DSPLY 
E403 II ooE5 LXI D,DECDR 
E406 2A ooEO LHLD ASCIJ 
E409 7E WOPI MOY A,M 
E40A 23 INX H 
E408 07 RLC 
E40C SF MOY E,A 
E40D IA LDAX D 
E40E 02 STAX B 
E40F 13 INX D NOT DONE 
E410 03 INX B 
E411 IA LDAX D 
E412 02 STAX B 
E413 03 JNX B 
E414 79 MOY A,C 
E415 FE 40 CPI 64 
E417 C2 O9E4 JNZ WOPI 
E4IA 22 ooEO SHLD ASCII 
E4ID C9 RET 

(lOOP1) 

Figure 13. 8080A Microprocessor Program and Flowchart that Interfaces to the DECODED DATA CONTROLLER Shown In Figure 9 

ASCII SYMBOL WORD 0 WORD I ASCII SYMBOL WORD 0 WORD I 
20 (SPACE) FF FF 40 @ 44 FD 
21 , FF BD 41 A 08 FF 
22 " DF FD 42 B 70 ED 
23 # 36 ED 43 C C6 FF 
24 $ 12 ED 44 D FO ED 
25 % IB D2 45 E 86 FF 
26 ~ F2 CA 46 F 8E FF 
27 FF FD 47 G 42 FF 
28 FF F3 48 H 09 FF 
29 FF DE 49 I F6 ED 
2A 3F CO 4A J EI FF 
2B 3F ED 4B K 8F F3 
2C FF DF 4C L C7 FF 
2D 3F FF 4D M C9 FA 
2E 

i 
FF BF 4E N C9 F6 

2F FF DB 4F 0 CO FF 
30 0 CO DB 50 P oc FF 
31 I FF ED 51 Q CO F7 
32 2 24 FF 52 R oc F7 
33 3 30 FF 53 S 12 FF 
34 4 19 FF 54 T FE ED 
35 5 96 F7 55 U CI FF 
36 6 02 FF 56 Y CF DB 
37 7 F8 FF 57 W C9 D7 
38. 8 00 FF 58 X FF D2 
39 9 18 FF 59 Y FF EA 
3A FF 3F SA Z F6 DB 
3B 

~ 
FF SF 5B [ 7F F3 

3C 7F FB 5C \ FF F6 
3D 37 FF 5D ~ BF DE 
3E > BF FE 5E FF D7 
3F 7C EF SF F7 FF 

Figure 14. 64 Character ASCII Decoder Table for the Microprocessor Programs Shown In Figures 12 and 13. 18 Segment 
Display Font Is Shown In Figure 10. 
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GENERAL INTERFACE 

twc 

I+--tcw--' twR_ .'=-
ADDRESS X 

. !=="tAW ____ -
"" 

tow 

DATA X 
twp 

WRITE 

Z-BO INTERFACE 

-~ I 

PARAMETER SYMBOL MIN. 

WRITE CYCLE twc 455 •• 

WRITE DELAY tAW 65 .. 

CHIP ENABLE TO WRITE tew 65 .. 

DATA SETUP tow 215n, 

DATA HOLD tOH 50ns 

WRITE PULSE twp 340ns 

WRITE RECOVERY tWR 40 •• 

CHIP ENABLE HOLD tCH SOns 

Figure 16, Data Entry Timing for the CODED DATA 
CONTROLLER Shown In Figure 15 

. 

X 

tCH }=r 
'I 

tOH ..... 

blanked momentarily after each new character is read 
from the RAM. This is accomplished by breaking the total 
time allotted for each digit into four segments. During the 
first segment, the display is turned off to allow data to 
ripple through the AC5947 and during the next three 
segments. the display is turned on. The resulting display 
duty factor is (1/32) (3/4) or 1/42.6. The display is strobed 
at a 130 Hz refresh rate. 

Data is entered into the RAM from the address and data 
bus of the microprocessor via two control lines Chip 
Select and Write. When Chip Select goes low, the address 
from the counter is tristated and the microprocessor 
address bus and data bus is gated to the RAM. Then after 
sufficient delay, the Write input is pulsed, which stores the 
data within the RAM. Data entry timing for the. 18segment 
CODED DATA CONTROLLER is shown in Figure 16. 
Since this timing is very similar to the DECODED DATA 
CONTROLLER shown in Figure 9, interface to the various 
microprocessor families is the same as described in the 
section on DECODED DATA CONTROLLERS. 

DISPLAY PROCESSOR CONTROLLERS 
The DISPLAY PROCESSOR CONTROLLER provides a 
powerful. smart interface which performs many of the 
functions normally found in a small terminal. The 
DISPLAY PROCESSOR CONTROLLER is designed 
around a slave microprocessor or custom LSI integrated 
circuit that provides display storage and multiplexing with 
a very minimum of circuit complexity. The simplest 
DISPLAY PROCESSOR CONTROLLER deSigned for a 16 
digit 18 segment alphanumeric display is shown in Figure 
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17. This circuit is designed around the Intel 8279 
Programmable Keyboard/Display Interface. This LSI chip 
contains the circuitry necessary to interface directly to a 
microprocessor bus and provides a 16 x 8 RAM. pro­
grammable scan counter, and keyboard debounce and 
control logic. While the 8279 is specifically deSigned for 7 
segment displays, inclusion of the Texas Instruments / 
AC5947 ASCII to 18 segment decoder/driver allows the \" 
use of an 18 segment alphanumeric display. The 8279 . 
Keyboard/Display Controller interfaces to a micropro­
cessor via an eight line bidirectional Data Bus, control 
lines RD (Read), WR (Write). CS (Chip Select), Ao 
(Command/Data). RESET. IRQ (Interrupt Request). and a 
clock input, CLK. The display is scanned by outputs AO-3 
and BO-3 which are connected to the inputs of the AC5947, 
and outputs SLO-3 which are connected to the digit 
scanning circuitry. The 74LS122 is used to provide 
interdigit blanking to prevent display ghosting. In addition 
to display scanning. the 8279 also has the ability to scan 
many different types of encoded or decoded keyboards, 
X-Y matrix keyboards, or provide a strobed data input to 
the microprocessor. The 8279 provides for either block 
data entry, where data enters from left to right across the 
display overflowing to the leftmost display location; right 
data entry, where data enters at the righthand side of the 
display and previous data shifts toward the left; and RAM 
data entry, where a four bit field in the control word 
specifies the address at which the next data word will be 
written. The 8279 allows data written into the display to be 
read by the microprocessor, and provides commands to 
either blank or clear the display. 

The HDSP-8716/-8724/-8732/-8740 DISPLAY PROCES­
SOR CONTROLLER shown in Figure 18 is designed to 
provide a flexible 18 segment display interface for displays 
up to 40 characters in length. This circuit utilizes a 
dedicated Intel 8048 Single chip microprocessor to 
provide features such as a blinking cursor, display editing 
routines, multiple data entry modes, variable display 
string length. and data out. This controller is available as a 
series of printed circuit board subsystems of 16, 24, 32, 
and 40 characters in length. The user interfaces to the 
8048 microprocessor through eight Data In inputs. six 
Address inputs, a Chip Select input, Reset input, Blank, 
input, six Data Out outputs. Data Valid output. Refresh 
output, and Clock output. The software within the 8048 
microprocessor provides four data entry modes - Left 
Entry with a blinking cursor, Right Entry. Block Entry, and 
RAM Entry. The Data Out port allows the user to read the 
ASCII data stored within the display, determine the 
configured.data entry mode and display length, and locate 
the position of the cursor within the display. Since the 
Data Out port is separate from the Data In port, the 18 
segment DISPLAY PROCESSOR CONTROLLER can be 
used for text editing independent of the main micro­
processor system. In Left Entry mode. the controller 
provides the Clear, Carriage Return, Backspace, Forward­
space, Insert, and Delete editing functions; while in Right 
Entry mode, the controller provides Clear and Backspace 
editing functions. The controller can also be expanded 
into multiple line panels. 

The 8048 microprocessor interfaces to the display via the 
Port 2 output. The output is configured to enable the 
microprocessor to send a six bit word to one of three 
destinations as selected by P26 and P27. The PROG output 
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Figure 17. HDSP-6508 DISPLAY PROCESSOR CONTROLLER Ullllzing Ihe Inlel 8279 Programmable Keyboard Display Inlerface 

is then used to store this word at the specified destination. 
Destinationo is the 74LS174 hex register. The outputs of 
this register are decoded by the 74LS259 addressable 
latches and Sprague ULN 2815 digit drivers. Output 3F16 is 
decoded to turn on the rightmost' aisplay digit while the 
address of the leftmost display digit varies from 1816 for a 
40 character display to 3016 for a 16 character display. 
Destination1 is the AC5947 18 segment decoder/driver. 
The positive edge of PROG stores a six bit ASCII code 
within the AC5947. Because destination1 is pulsed once 
every time a digit is refreshed, this output is also used as 
the Refresh output. Destination2 is the Data Valid output 
of the Data Out port. Thus, Data Out actually consists of a 
series of six bit words that are sentlo Destination2. Display 
refresh is accomplished by first turning off the digit drivers 
by outputting a 016 to the 74LS174. Then a new ASCII 
character is stored within the AC5947. Finally, a new digit 
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word is stored within the 74LS174. The actual time that 
each digit is on varies according to the configured display 
length so as to provide a fixed 100 Hz refresh rate. 

Interfacing the DISPLAY PROCESSOR CONTROLLER 
shown in Figure 18 to microprocessor systems depends 
on the needs of the particular application. Since the 
information on the Data In and Address inputs is loaded 
into the controller through a program within the 8048 
microprocessor, the time required to read these inputs 
varies from about 100 to 700 microseconds. A latch as 
shown in the HDSP-8716/-8724/-8732/-8740 Data Sheet 
can be used as a buffer between these inputs and the data 
bus and address bus of the main microprocessor system. 
The latch provides temporary storage to avoid making the 
main microprocessor wait for the DISPLAY PROCESSOR 
CONTROLLER to accept data. 
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The 18 segment DISPLAY PROCESSOR CONTROLLER 
shown in Figure 18 can also be interfaced to the main 
microprocessor system through a Peripheral Interface 
Adapter (PIA). The Data In inputs of the controller would 
be connected to an output port of the PIA. In RAM Entry 
mode, the Address inputs of the controller would be con­
nected to another output port of the PIA. The PIA provides 
a handshake back tothe main microprocessor system that 
tells when the DISPLAY PROCESSOR CONTROLLER is 
ready to accept another data input word from the main 
microprocessor. This allows the microprocessor to load 
data into the controller at the highest possible rate. A PIA 
can also be used to allow the 18 segment DISPLAY 
PROCESSOR CONTROLLER to act as a buffer between a 
keyboard and the main microprocessor. In this configur-
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ation, the main processor could output a prompting 
message to the user via the DISPLAY PROCESSOR 
CONTROLLER. The user could then enter data from the 
keyboard into the display utilizing the controller's editing 
capability. Afterthe message has been entered and edited, 
the user would instruct the main microprocessor to read 
the final edited message from the Data Out port. One port 
from the PIA can be used to control the Data In inputs of 
the DISPLAY PROCESSOR CONTROLLER and another 
port of the PIA can be used to read the Data Out port. 
Figure 19 shows a 6800 microprocessor system using a 
Motorola 6821 PIA to control the DISPLAY PROCESSOR 
CONTROLLER shown in Figure 18. The PB7 output of the 
PIA determines whether data is entered into the controller 
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• PORT CONFIGURATION: 
"I. PORTA: 

" PAO-PA7 OUTPUTS TO DATA IN OF HDSP-S7XX 
CAl (INPUT) MODE 00 SETS FLAG NEG EDGE OF READY PAA <-- FFH 
CA2 (OUTPUT) MODE 100 CLEARED MPU READ PRA, SET OUTPUT DATA OUT 
NEGATIVE EDGE OF READY CONTROL WORD TO DISPLAY 

" 2. PORTB: 

" PBO-PB5 INPUTS DATA TO 6S00 FROM DATA OUT OF HDSP 
CBI (INPUT) MODE 10 SETS FLAG POS EDGE OF DATA VA FORCE CA2 LOW; CLEAR CB1 FLAG 
CB2 (INPUT) MODE 000 SETS FLAG NEG EDGE OF ER KEY CLEAR INTERRUPT REQUEST 
CB2 (INPUT) MODE 001 SETS FLAG NEG EDGE OF ER KEY FROM'iRciB 

CAUSING IRQ 
PB7 (OUTPUT) LOW ENABLES PAO-PA7 TO MUX 

B +- DISPLAY LENGTH + 2 HIGH ENABLES KEYBOARD TO MUX AND KEY 

SOOS PRA EQU $SOOS A7 .... · GB1 FLAG 
S008 DRA EQU $SOOS SET ON POSITIVE EDGE 
S009 CRA EQU $S009 OF DATA VALID 
SOOA PRB EQU $SOOA WAIT FOR DATA VALID 
SOOA DRB EQU $800A 
800B CRB EQU SSOOB 
0028 LENGTH EQU 40 MUST BE SAME AS LENGTH 

0000 ORG $0000 
0000 0002 MESSGE FDB TEXT 

0100 ORG $0100 NOT DONE 
0100 STATUS RMB I 
0101 CURSOR RMB I (Xl ----A 
0102 DATA RMB 40 STORE DATA OUT WORD 

0400 ORG $0400 
X <- X + 1 0400 CE 0100 READ LDX I,STATUS 

0403 7F 800A CLR E,PRB ENABLE PORT A TO MUX 
0406 S6 FF LDAA I,SFF 
040S B7 S008 STAA E,PRA BEGIN DATA OUT SEQUENCE 
040B 7D 800S TST E,PRA CLEAR CAl AND CA2 
040E 7D SOOA TST E,PRB CLEAR CHI AND CB2 
0411 C6 2A LDAB I,LENGTH+2 B '" O? 

NO 

0413 B6 800B LOOPI LDAA E,CRB (LOOP1) 
0416 2A FB BPL LOOP! WAIT FOR DATA VALID YES 
0418 B6 SOOA LDAA E,PRB 
041B S4 3F AND A I,$3F 
0410 A7 00 STAA X,O STORE IN RAM 
041F OS INX 
0420 5A DEC B 
0421 26 FO BNE LOOPI NEXT DATA OUT WORD 
0423 7D 800S TST E,PRA CLEAR CAl AND CA2 
0426 B6 8009 LOOP2 LDAA E,CRA 
0429 2A FB BPL LOOP2 WAIT UNTIL READY 

WAIT FOR READY 042B 39 RTS CAl fLAG CLEARED? 
(lOOP2) 

042C DE 00 LOAD LDX D,MESSGE 
042E A6 00 LOOP I 0 LDAA X,O 
0430 08 INX 
0431 81 FF CMPA I,SFF 
0433 27 OD BEQ ENDL JUMP WHEN DONE 
0435 B7 800S STAA E,PRA 
043S 7D SOOS TST E,PRA CLEAR CAl AND CA2 
043B B6 S009 LOOPII LDAA E,CRA 
043E 2A FB BPL LOOPII WAlT 
0440 20 EC BRA LOOPIO 
0442 DF 00 ENDL STX D,MESSGE 
0444 39 RTS NOT DONE 

0500 ORG $0500 
0500 7F 8009 START CLR E,CRA A +--(Xl 

0503 7F SOOB CLR E,CRB READ ASCII CHARACTER 

0506 S6 FF LDAA I,$FF 
050S B7 8008 STAA E,DRA 
050B S6 24 LDAA 1,$24 X +-- X + 1 
050D B7 8009 STAA E,CRA 
0510 86 80 LDAA I,SSO 
0512 B7 SOOA STAA E,DRB 
0515 S6 06 LDAA 1,$06 
0517 B7 800B STAA E,CRB 
051A OE MAIN CLl 
051B 7F SOOA CLR E,PRB DISABLE KEYBOARD FROM MUX 
051E BD 042C JSR E,LOAD e 0521 7D 800A TST E,PRB CLEAR CB I, CB2 
0524 86 80 LDAA 1,$80 
0526 B7 800A STAA E,PRB ENABLE KEYBOARD TO MUX 
0529 S6 OE LDAA I,$OE 
0528 B7 800B STAA E,CRB ENABLE IRG 
052E OF SEI IRQ CAUSES JSR TO READ 

WAtT FOR READY 

NO 
(LOOP10) 

Figure 20, 6800 Microprocessor Program and Flowchart that Interfaces to the Circuit Shown in Figure 19 
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from the microprocessor system or from the keyboard. 
Control lines CAl and CA2 are used to provide a data entry 
handshake to allow data to be loaded into the controller at 
the highest possible rate. Data is read into the main 
microprocessor system through Port B of the PIA using 
the CBl input as a data strobe. 

The 6800 microprocessor program shown in Figure 20 is 
used to operate the PIA interface described in Figure 19. 
The microprocessor program following "START" is used 
to initialize the 6821 PIA. Once initialized, the PIA can be 
used either to load data into the controller via the main 
microprocessor, allow data to be loaded into the 
controller via the keyboard, or to read data from the Data 
Out port into the main microprocessor. The instruction 
CLR E, PRB at location 051 B16 forces PB710w to connect 
the outputs of Port A to the Data In inputs of the controller. 
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Subroutine "LOAD" then loads a series of eight bit words 
into the controller. "LOAD" continues to output words 
until it reads an FF16 to denote the end of the prompting 
message. The instruction sequence LOA A I, $80 and STA 
A E, PRB at location 052616 forces PB7 high to connect the 
output of the keyboard to the Data In inputs of the 
controller. In this mode, the user can enter or edit data into 
the DISPLAY PROCESSOR CONTROLLER. The 4B input 
of the 74LS157 has been grounded to prevent the 
keyboard from loading a control word into the DISPLAY 
PROCESSOR CONTROLLER. The instructions LOA A I, 
$OE and STA A E, CRB at location 052B16 enables the 
"ER" key on the keyboard to interrupt the microprocessor 
when the edited message is complete. Subroutine "READ" 
would then be used to read data into the 6800 system. 
First, subroutine "READ" outputs a special control word, 
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Figure 21. 8080A Microprocessor Interface to the DISPLAY PROCESSOR CONTROLLER Shown in Figure 18 Utilizing an Intel 8255 PIA 
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THIS PROGRAM IS WRITTEN IN 8080 ASSEMBLY LANGUAGE. G;0 
THIS PROGRAM USES AN 8255 PIA TO ACCESS THE HDSP-87XX I STORE MACHINE STATUS ON STACK I ALPHANUMERIC DISPLAY SYSTEM. 

PORT CONFIGURATIOK I 
I. PORT A (MODE I OUTPUT): I CNTRL"· QSH I 

PAO-PA7 OUTPUTS TO DATA IN OF HDSP-87XX ENABLE PA FROM MUX TO DISPLAY 

PC7 (OBF) OUTPUT; TO CHIP SELECT I PC6 (ACK) INPUT; TO READY 
FLAG PC7 (OBF) CLEARED BY OUTPUT: SET BY READY I PA ...... FFH I OUTPUT OAT A OUT 

2. PORT B (MODE I INPUT): CONTROL WORD TO DISPLAY 

PBO-PB6 INPUTS DATA FROM DATA OUTOF HDSP-87XX I PC2 (STB) INPUT; LOADS DATA ON pas EDGE OF DATA VALID 
FLAG PCO (INTR) CLEARED BY INPUT; SET BY DATA VALID C .. DISPLAY LENGTH + 2 

3. PORTC: I 
PC4 OUTPUT; LOW ENABLES PAO-PA7 TO HDSP-87XX I HL "·ADDRESSOF STAT I HIGH ENABLES KEYBOARD TO HDSP-87XX POINT TO ADDRESS OF 

DATA DESTINATION 
OOOC PA EQU OCH 

I OOOD PB EQU ODH 
OOOE PC EQU OEH 

I READ PB I OOOF CNTRL EQU OFH CLEAR INTR FLAG (PCo) 
0028 LENTH EQU 40 MUST BE DISPLAY LENGTH 

ORG OEOOOH I EOOO 02 EO ASCII DW TEXT 

I Ao ..... INTR FLAG I E002 00 TEXT DS 40 SET ON POSITIVE EDGE 

ORG OEIOOH 
OF DATA VALID WAIT FOR 

DATA VALlO 
EIOO 00 STAT DB 0 I 
E101 00 ADDR UB 0 

INTR FLAG CLEARED~ EI02 00 DATA DB 0 
(LOOP1) 

ORG OE400H NO I 
E400 F3 READ DI 
E40I F5 PUSH PSW I A ..... PB J E402 E5 PUSH H CLEAR INTR FLAG (PCo) 

E403 C5 PUSH B I E404 3E 08 MVI A,08H 
E406 D3 OF OUT CNTRL ENABLE A SIDE OF MUX I (HL) ..... A J NOT DONE E408 3E FF MVI A,OFFH STORE DATA OUT WORD 
E40A D3 oc OUT PA BEGIN DATA OUT SEQUENCE 

I E40C OE 2A MVI C,LENTH+2 
E40E 21 OOEI LXI H,STAT FIRST WORD HL ..... HL +' E4II DB OD IN PB CLEAR INTR 

I E413 DB OE LOOP I IN PC 
E415 IF RAR 

C ..... C-1 E416 D2 13E4 JNC LOOP I WAIT UNTIL INTR IS SET 
E419 DB OD IN PB I E41B 77 MOV M,A STORE IN RAM 

"'" NO E41C 23 INX H C ~ O? 
E41D OD DCR C ./ (LOOP1) 
E41E C2 I3E4 JNZ LOOP I READ LENGTH+2 WORDS 

YES E421 DB OE LOOP2 IN PC 
E423 17 RAL I A7 <- OBF FLAG (PC7) I 
E424 D2 21E4 JNC LOOP2 WAIT UNTIL READY SET ON NEGATIVE EDGE OF READY WAIT FOR READY E427 CI POP B 

I E428 EI POP H 
E429 FI POP PSW 

~ E42A FB EI OBF FLAG CLEARED) (LOOP2) 
E42B C9 RET 

E42C 2A ODED LOAD LHLD ASCII FIRST WORD OF MESSAGE 
NO I 

E42F 7E LOOPS MOV A,M I RESTORE MACHINE STATUS I E430 FE FF CPI OFFH CHECK TO SEE IF DONE FROM STACK 
E432 CA 44E4 JZ ENDL ~ E435 D3 OC OUT PA OUTPUT TO DISPLAY e E437 23 INX H 
E438 DB OE LOOP6 IN PC 
E43A 17 RAL 
E43B D2 38E4 JNC LOOP6 WAIT 
E43E 00 Nap 
E43F 00 Nap 
E440 00 Nap 
E441 C3 2FE4 JMP LOOP5 NEXT WORD 
E444 23 ENDL INX H 
E445 22 OOEO SHLD ASCII NOT DONE 
E448 C9 RET 

E449 3E A7 START MVI A,OA7H PAASMI OUTPUT,PBASMI INPUT 
E44B D3 OF OUT CNTRL 
E44D 3E OC MVI A,OCH CLEARINTEA 
E44F D3 OF OUT CNTRL 
E451 3E 05 MVI A,05H LAST CHARACTER? 

E453 D3 OF OUT CNTRL SET INTE B DENOTED BY FFH 

: PROCEDURE TO LOAD HDSP-87XX SYSTEM 

E455 3E 08 MVI A,08H 
E457 D3 OF OUT CNTRL ENABLE A SIDE OF MUX 
E459 CD 2CE4 CALL LOAD 

: PROCEDURE TO READ DATA OUT OF HDSP-87XX SYSTEM e E45C 3E 09 MVI A,09H 
E45E D3 OF OUT CNTRL ENABLE B SIDE OF MUX 
E460 FB EI 

INTERRUPT MUST CALL READ WAIT FOR READY 

OBF FLAG CLEARED) 
(LOOP6) 

NO (LOOP5) 

Figure 22, 8080A Microprocessor Program and Flowchart that Interfaces to the Circuit Shown in Figure 21 
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FF16, to the Data In inputs of the DISPLAY PROCESSOR 
CONTROLLER. This control word causes the controller to 
begin its data output sequence. The controller outputs a 
series of data output words that define the configured 
entry mode and display length, location of the cursor, and 
the ASCII text stored within the DISPLAY PROCESSOR 
CONTROLLER. "LOOP 1" within the program continu-

- ously reads the Data Valid output and waits until the 
controller outputs the STATUS word. This STATUS word, 
the subsequent CURSOR ADDRESS word, and the string 
of ASCII characters are then stored in consecutive words 
of scratch pad memory starting at address "STATUS." 

A similar PIA interface designed for an 8080A micro­
processor system that uses an Intel 8255A PIA is shown in 
Figure 21. This interface operates in much the same way 
as the 6821 PIA interface that was previously described. 
The PC4 output of the PIA determines whether the Data In 
inputs of the 18 segment DISPLAY PROCESSOR 
CONTROLLER shown in Figure 18 are connected to the 
PIA or to the keyboard. Control lines PC6 and PC? are 
used to provide a data entry handshake between the 
8080A microprocessor and the DISPLAY PROCESSOR 
CONTROLLER. Data is read into the 8080A micro­
processor system through Port B of the PIA using PC2 as 
the data strobe. 
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The 8080A microprocessor program shown in Figure 22 is 
used to operate the PIA interface described in Figure 21. 
The microprocessor program following "START" is used 
to initialize the 8255A PIA. The instructions MVI A, 08H 
and OUT CNTRL at location E45716 force PC4 low to 
connect Port A of the PIA to the Data In inputs of the 
DISPLAY PROCESSOR CONTROLLER. Subroutine 
"LOAD" would then be used to load a prompting message 
into the controller. The instructions MVI A, 09H and OUT 
CNTRL at location E45E16 connect the keyboard to the 
Data In inputs of the controller. In this mode, the user can 
enter data into the DISPLAY PROCESSOR CON­
TROLLER, or to edit an existing line. Subroutine "READ" 
would then be used to read the data from the Data Out port 
into the 8080A microprocessor system. 

Subroutine "READ" begins the data output sequence by 
outputting the special control word FFH to the Data In 
inputs of the DISPLAY PROCESSOR CONTROLLER. 
Then, the subroutine reads the series of data output words 
that are outputted by the controller and stores them in 
consecutive words of scratch pad memory starting at 
address STAT. 



F/iP'l HEWLETT 
~~ PACKARD APPLICATION NOTE 1004 

Threshold Sensing For Industrial 
Control Systems With the 

HCPL -3700 Interface Optocoupler 
INTRODUCTION 

The use of electronic logic circuitry in most applications 
outside of a controlled environment very quickly brings the 

design engineer into contact with the problems and hazards 
involved in interfacing between the logic function and the 
controlled function. These problems have always been par­
ticularly evident in the field of industrial control where the 
electrically "noisy" environment produced by motors, 
power lines, lightning and other sources of interference may 
mask the desired signal, and in some cases even result in the 
destruction of the logic control system itself. In these situa­
tions, the designer must resort to solutions which will pro­
vide isolation between the logic system and the input or 
output function Traditional methods of isolation involve 
the use of such devices as capacitors, relays, tranformers, 
and optocouplers. Of these methods, the optocoupler pro­
vides an ideal combination of speed, dc response, high 
common mode rejection, and low input to output coupling 
capacitance. 

In the implementation of an interface from an electrically 
noisy environment into logic systems, it is often desirable, 
if not mandatory, to establish some current or voltage 
switching point or threshold at which the input signal is 
considered true. Since the input, or feedback, signal in in­
dustrial control systems may be ac or dc and may range 
from low, 5 volt, levels to 110 or 240 volts ac, the design of 
such a threshold switching system can become more than a 
trivial problem. This is especially true when using the opto­
coupler, considering the relatively large range of current 
transfer ratio (CTR) found in most devices. 

The problem of establishing an input switching threshold is 

resolved in the design of the Hewlett-Packard HCPL-3700 
optocoupler. This device combines an ac or dc voltage and/ 
or current detection function with a high insulation voltage 
optocoupler in a single eight pin plastic dual in-line 
package. 

As shown in the block diagram of Figure 1, this device con-
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DC+ INPUT Vee 

DC-INPUT GND 

Figure 1. Block Diagram of the HCPL-3700 

sists of a full-wave bridge rectifier and threshold detectior. 
integrated circuit, an LED, and an optically coupled 
detector integrated circuit. The detector circuit is a com­
bination of a photodiode and a high current gain, split 
Darlington, amplifier. 

The input circuit will operate from an ac or dc source and 
provide a guaranteed, temperature compensated threshold 
level with hysteresis. The device may be programmed for 
higher switching thresholds through the use of a single ex­
ternal resistor. 

With threshold level detection provided prior to the optical 
isolation path and subsequent gain stage, variations in the 

current transfer ratio of the device with time or from unit 
to unit are no longer important. 

In addition to allowing ae or dc input signals, the Zener 
diodes of the bridge circuit also provide input voltage 
clamping to protect the threshold circuitry and LED from 

over voltage/current stress conditions. The LED current is 
provided by a switched current source. 
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The HCPL·37oo optocoupler output is an open collector, 
high gain, split Darlington configuration. The output is 
compatible with TTL and CMOS logic levels. High common 
mode rejection, or transient immunity of 600V IllS, allows 
excellent isolation. Insulation capability is 3000 volts 
dc. The recommended operating temperature range is OOC 

.~. to 70°C. 

The HCPL·3700 meets the requirements of the industrial 
control environment for interfacing signals from ac or dc 
power equipment to logic control electronics. Isolated 
monitoring of relay contact closure or relay coil voltages, 
monitoring of limit or proximity switch operation or sensor 
signals for temperature or pressure, etc., can be accom· 
plished by the HCPL·3700. The HCPL·3700 may also be 
used for sensing low power line voltage (Brown Out) or loss 
of line power (Black Out). 

Device Characteristics 

The function of the HCPL·3700 can best be understood 
through a review of the input V II function and the input to 
output transfer function. Figure 2 shows the input char· 
acteristics, liN (mA) versus VIN (volts), for both the ac and 
dc cases. 

The dc input of the HCPL·3700 appears as a 10000 resistor 
in series with a one volt offset. If the ac pins (1,4) are left 
unconnected, the dc input voltage can increase to 12V (two 
Zener diode voltages) before the onset of input voltage 
clamping occurs. If the ac pins (1, 4) are connected to 
ground or to dc pins (2, 3) respectively, the dc input 
voltage will clamp at 6.0V (one Zener diode voltage). Under 
clamping conditions, it is important that the maximum 
input current limits not be exceeded. Also, to prevent ex· 
cessive current flow in a substrate diode, the dc input can 
not be backbiased more than -0.5V. The choice of the 
input voltage clamp level is determined by the requirements 
of the system design. The advantages of clamping the input 
at a low voltage level is in limiting the magnitude of for· 
ward current to the LED as well as limiting the input power 
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Figure 3. Typical Transfer Characteristics of the HCPL-3700 

to the device during large voltage or current transients in 
the industrial control environment. The internal limiting 
will in some cases eliminate the need for additional pro­
tection components. 

The ac input appears similar to the dc input except that the 
circuit has two additional diode forward voltages. The ac 
input voltage will clamp at 6.7V (one Zener diode voltage 
plus one forward biased diode voltage), and is symmetric 
for plus or minus polarity. The ac voltage clamp level can 
not be changed with different possible dc pin connections. 

The transfer characteristic displayed in Figure 3 shows how 
the output voltage varies with input voltage, or current, 
levels. Hysteresis is provided to enhance noise immunity, as 
well as to maintain a fast transition response (tr, 1) for 
slowly changing input signals. 

The hysteresis of the device is given in voltage terms as 
VHyS = VTH+ - VTH_, or in terms of current as IHyS = 
ITH+ - ITH_· The optocoupler output is in the high state 
until the input voltage (current) exceeds VTH+(lTH+)' The 
output state will return high when the input voltage 
(current) becomes less than VTH-(lTH-)' 

As is shown in Figure 3, the HCPL-3700 has prepro­
grammed ac and dc switching threshold levels. Higher input 
switching thresholds may be programmed through the use 
of a single series input resistance as defined in Equation (1). 
In some cases, it may be desirable to split this resistance in 
half to achieve transient protection on each input lead and 
reduce the power dissipation requirement of each of the 
resistors. 

Figure 4 illustrates three typical interface situations which a 
designer may encounter in utilizing a microprocessor as a 
controller in industrial environments. 

Example 1. A dc voltage applied to the motor is moni· 
tored . as an indication of proper speed andl 
or load condition. 
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Figure 4. Applications of the HCPL-3700 for Interfacing AC and DC Voltages to a Microprocessor 

Example 2. A limit switch uses a 115V ac or 220V ac 
control loop to improve noise immunity 
and because it is a convenient high voltage 
for that purpose. 

Example 3. An HCPL-3700 is used to monitor a com­
puter power line to sense a loss of line power 
condition. Use of a resistive shunt for im­
provement of threshold accuracy is analyzed 
in this example. 

Also illustrated is an application in which two HCPL-3700's 
are used to monitor a window of safe operating tempera­
tures for some process parameters. This example also 
requires a rather precise control of the optocoupler 
switching threshold. An additional dedicated leased line 
system example is also shown (Example 4). 

Example 1. DC Voltage Sensing 

The de motor monitor function is established to provide an 
indication that the motor is operating at a minimum desired 
speed prior to the initiation of another process phase. If the 
applied voltage, VM, is greater than 5V, it is assumed that 
the desired speed is obtained. The maximum applied 
voltage in the system is 10V. The HCPL-3700 circuit 
configuration for this de application is shown in Figure 5. 
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MPU v( 
235.Q 

5% \ 
V,N 

Rx/2 

235n 
5% 

Figure 5. I nterfaeing a DC Voltage to an MPU using the 
HCPL-3700 

NOTE: See Appendix for a definition of terms and 
symbols for this and all other examples. 

The following conditions are given for the external voltage 
threshold level and input requirements of the HCPL-3700: 

External Voltage Levels - VM 

5V de (50%) 

Vpeak 10V de 
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HCPL·3700 Input Levels 

VTH+ 3.8V 

VTH_ 2.SV 

VICH3 12V 

ITH+ 2.5mA 

ITH_ 1.3mA 

For the 5V threshold, Rx is calculated via the expression: 

R '= x 
(1) 

V+ VTH+ 
--<--
Vpeak VIHC 

(V IN will clamp) (4) 

where V IHC is the particular input clamp voltage listed on 
the data sheet. 

For this de application with ac pins (1, 4) open, input 
voltage clamping will not occur, i.e., 

V+ VTH+ 
-->--
Vpeak VIHC3 

5V 3.8V 
->--
10V 12.0V 

5V - 3.8V Consequently, a conservative value for the maximum power 
2.5mA dissipation in Rx for the unclamped input voltage condition 

ignoring the input offset voltage is given by: 

Rx = 480n (470n ± 5%) 

The resultant lower threshold level is formed by using the 
following expression: 

(2) 

(1.3mA) 470n + 2.S0V 

V_ = 3.21V 

With the possible unit to unit variations in the input 
threshold levels as well as ±5% tolerance variations with Rx' 
the variation of V+ is +12.4%, -15% and V_varies +14%, 
-23.5%. (NOTE: With a low, external, voltage threshold 
level, V +, which is comparable in magnitude to the VTH+ 
voltage threshold level of the optocoupler (V +..;; 10VTH+) 
the tolerance variations are not significantly improved by 
the use of a 1% precision resistor for Rx' However, at a 
large external voltage threshold level compared to VTH+ 
(V + > 10VTH+), the use of a precision 1% resistor for Rx 
does reduce the variation of V +.) 

For simultaneous selection of external upper, V +, and 
lower, V _, voltage threshold points a combination of a 
series and parallel input resistors can be used. Refer to the 
example on "ac operation with improved threshold control 
and accuracy" for detailed information. 

Calculation of the maximum power dissipation in Rx is 
determined by knowing which of the following inequalities 
is true: 

V+ VTH+ 
-->--
Vpeak VIHC 

IV IN will not clamp) (3) 
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(Unclamped Input) (5) 

f,OV( 470n ~2 
L 1470nll 

470n 

PRx = 21.8mW 

If V+lVpeak < VTH+IVIHC was true (clamped .input 
voltage condition), then the formula for the maximum 
power dissipation in Rx becomes: 

(Clamped Input) (S) 

The maximum input current or power must be determined 
to ensure that it is within the maximum input rating of the 
HCPL·3700. For the clamped input voltage condition, 

or 

(7) 

Clamped 
Condition 

(8) 
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Figure 6. Interfacing an AC Voltage to an MPU using the 
HCPL·3700 

For the unclamped input voltage condition, the maximum 
input current, or power will not be exceeded, because 
maximum input current and power will occur only under 
clamp conditions. 

An output load resistance is not needed in this application 
because the peripheral interface adapter, such as MC6821, 
has an internal pullup resistor connected to its input. 

Example 2. AC Operation 

As shown in Figure 6, an ac application is that of a moni· 
tored 115V ac limit switch. Ac sensing is commonly used 
and the HCPL·3700 conveniently provides an internal 
rectification circuit. With the HCPL·3700 interfacing to the 
P.I.A., a choice can be made not to filter the ac signal or to 
filter the ac signal at the input or output of the device. All 
three conditions will be explored. Simplicity is obtained 
with no filtering at all, but software detection techniques 
must be used. Output filtering is a standard method, but 
may present problams with slow RC rise time of the output 
waveform when TTL logic is used. Input filtering avoids the 
RC rise time problem of output filtering, but introduces an 
extra time delay at the input. 

AC Operation With No Filtering 

in this example, a V+ value of·98V is selected based on a 
criteria of 60% of V peak' Monitoring a limit switch for a 
60% level of the signal will give sufficient noise immunity 
from an open 115V ac line while allowing the HCPL·3700 
to turn on under low line voltage conditions of -15% from 
npminal values when the limit switch is closed. 

The value of Rx for the upper threshold detection level 
without the filter capacitor, C, across the de input, can be 
obtained from the following expression. 

VTH+ .. 5.1V (9) 

(ac instantaneous) 
ITH+ - 2.5mA 
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Figure 7. Typical External Threshold Characteristic, V± -
vs. Rx 

98V -5.1V 

2.5mA 

37.2kn (use Rx/2 = 18.7kn, 1% resistor 
for each input lead) 

The resulting lower threshold point is 

ITH_Rx +VTH_ (10) 

= (1.3mA)(37.4kn) + 3.8V 

V_ .. 52.4V (32% of peak input voltage) 

Figure 7 provides a convenient, graphical choice for the ex· 
ternal series resistor, Rx' and a particular external threshold 
voltage V±. 

The corresponding Rx value and output waveform of the"\.. 
HCPL·3700 for a V + = 98V (60% of peak) is shown in 
Figure 8. 

OUTPUT 
HCPL-3700 

___ V ak = 163V _ ,_\ _ v: . 9BV 160%1 
- r; _'-I V_· 52V 132%1 

OV 

VOHllJUlJULrvee 

VOL - OV 
~.85ml 

B.33ms b 

Figure 8. Output Waveforms of the HCPL·3700 Design in 
Figure 7 with no Filtering Applied 
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Figure 9. Determination of Off/On State Time 

To determine the time in the high state, refer to Figure 9 
and Equation (11). 

Due to symmetry of sinusoidal waveform, the high state 
time is t_ + t+ where t± is given by; 

(11 ) 

where arc sine is in degrees and T = period of sinusoidal 
waveform. 

In the unfiltered condition, the output waveform of Figure 
8 must be used as sensed information. Software can be 
created in which the microprocessor will examine the wave­
form from the optocoupler at specific intervals to deter· 
mine if ac is present or absent at the input to the HCPL-
3700. This technique eliminates the problem of filtering, 
and accompanying delays, but requires more sohpisticated 
software implementation in the microprocessor. 

Input Filtering for AC Operation 

A convenient method by which to achieve a continuous 
output low state in the presence of the applied ac signal is 
to filter the input dc terminals (pins 2-3) with a capaci­
tance C while the ac signal is applied to the ac input (pins 
1-4) of the full wave rectifier bridge. Input filtering allows 
flexibility in using the HCPL-3700 output for direct inter­
facing with TTL or CMOS devices without the slow rise 
time which would be encountered with output filtering. In 
addition, the input filter capacitor provides extra transient 
and contact bounce filtering. Because filtering is done after 
Rx' the capacitor working voltage is limited by the V1HC2 
clamp voltage rating which is 6.7V peak for ac operation. 
The disadvantage of input filtering is that this technique 
introduces time delays at turn on and turn off of the opto­
coupler due to initial charge/discharge of the input filter 
capacitor. 
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Figure 10. Input Filtering with the HCPL-3700 

The application of ac input filtering is illustrated in Figure 
10 and is described in the following example. The ac input 
conditions are the same as in the previous example of the 
115V ac limit switch. 

The minimum value of capacitance C to ensure proper ac 
filtering is determined by the parameters of the opto­
coupler. At low ac input voltage, the capacitor must charge 
to at least VTH+ in order to turn on, but must not dis­
charge to VTH - during the discharge cycle. A conservative 
estimate for the minimum value of C is given by the fol­
lowing equations. 

V -t/r - C VTH+ - VTH_ = TH+e , T - RIN min (12) 

where R I N is the equivalent input resistance of the HCPL-
3700. 

(13) 

with RIN = lkn, VTH+ = 3.8V, VTH_ = 2.6V and t = 
8.33ms for 60 Hz or t = 10ms for 50 Hz. 

Cmin 7.23/lF for 60 Hz 

Cmin 8.68/lF for 50 Hz 

To ensure proper filtering, the recommended value of C 
should be large enough such that with the tolerance varia­
tion, C will always be greater than Cmin (C should other­
wise be kept as small as possible to minimize the inherent 
delay times which are encountered with this technique). 
Since the filter capacitor affects the input impedance, a 
slightly different value of Rx is required for the input 
filtered condition. Figure 11 shows the Rx versus V ± 
threshold voltage for C = 10/lF, 22/lF, and 47/lF. For an 
application of monitoring a 115V RMS line for 65% of 
nominal voltage condition (75V RMSl, an Rx = 26.7kn ± 
1 % with C = 10/lF will yield the desired threshold. The 
power dissipation for Rx is determined from the clamped 
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Figure 11. External Threshold Voltage versus Rx for 
Applications Using an Input Filter Capacitor C (Figure 10) 

condition (V +/V peak < VTH+/V ICH2) and is 455mW (see 
Figure 6) which suggests Rx/2 of 1/2 watt resistors for each 
input lead. 

Example 3. AC Operation with Improved Threshold 
Control and Accuracy 

Some applications may occur which require threshold level 
detection at specific upper and lower threshold points. The 
ability to independently set the upper and lower threshold 
levels will provide the designer with more flexibility to 
meet special design criteria. As illustrated in Figure 12, a 
computer power line is monitored for a power failure con· 
dition in order to prevent loss of memory information 
during power line failure. 

In this design, the HCPL·3700 optocoupler monitors the 
computer power line and the output of the optocoupler is 
interfaced to a TTL Schmitt trigger gate (7414). 

In the earlier ac application of the HCPL·3700 (limit switch 
example), a single external series resistor, Rx' was used to 
determine one of the threshold levels. The other threshold 
level was determined by the hysteresis of the device, and 
not the designer. A potential problem of single threshold 

Rx/2 "N 

vI ,,( 2 DC+ 
Rp HCPl-3700 

Rx/2 

Figure 12. An AC Power Line Monitor with Simultaneous 
Selection of Upper and Lower Threshold Levels and Out· 
put Filtering 
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selection with 115V line application would be to determine 
Rx for a lower threshold level of 50% of nominal peak 
input voltage, only to find that the upper threshold level is 
90% of peak input voltage. With the possible ac line voltage 
variations (+10%, -15%), it would be possible that the 
optocoupler could never reach the upper threshold point 
with an ac line that is at -15% of nominal value. To give 
the designer more control over both threshold points, a 
combination of series resistance, Rx' and parallel resistance, 
Rp' may be used, as shown in Figure 12. 

Two equations can be written for the two external thresh· 
old level conditions. At the upper threshold point, 

(14) 

and at the lower threshold point, 

(15) 

Solving these equations for Rx and Rp yield the following 
expressions: 

(17) 

Equations (16) and (17) are valid only if the conditions of 
Equations (18) or (19) are met. The desired external vol­
tage threshold levels, V + and V _, are established and the 
values for VTH± and ITH± are found from the data sheet." 
With the VTH ±, ITH± values, the denominator of Rx' ' 
Equation (16) is checked to see of it is positive or negative. 
If it is positive, then the following ratios must be met: 

(18) 

Conversely, if the denominator of Rx Equation (16) is 
negative, then the following ratios must hold: 

(19) 

Consider that the computer power line is monitored for a 
50% line drop condition and a 75% I ine presence condition. 
The 115V 60 Hz ac line (163V peak) can vary from 85% 
(139V) to 110% (179V) of nominal value. 
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Require: 

V_ 81.5V (50%) Turn off threshold 

V+ 122.5V (75%) Turn on threshold 

Given: 

VTH+=5.1V ITH+= 2.5mA 

VTH_ =3.8V ITH_ = 1.3mA 

Using the Equations (16, 17) for R , Rp with the condi· 
tions of Equations (18, 19) being metXyields 

Rx = 17.4 kn use 18 kn 5% 

Rp = 1.2 kn use 1.2 kn 5% 

To complete the input calculations for maximum input 
current, liN' to the device and maximum power dissipation 
in Rx and Rp, a check must be made. to determine if the 
input voltage will clamp at peak applied voltage. Using 
Equations (3) and (4) to determine if a clamp or no clamp 
exists, it is found that the ratios 

V+ VTH+ 
0.75 = -- "" -- = 0.76 

Vpeak VIHC2 

indicate that V IN slightly entered clamp condition. In this 
application, the operating input current, liN' is given ap­
proximately by 

V IHC2 VIHC2 
V- Vi v'2 

liN 
Rx 

--< liN (max) (20) 
Rp 

6.7V 6.7V 
115V - Vi v'2 ---

18 kn 1.2 kn 

liN .. 2.18mA RMS < 34.3mA 

Power dissipation in Rx is determined from the following 
equation, 

(21) 

which yields o.6i5W. With the clamp condition existing, 
the maximum power dissipation for Rp is 18.7mW which is 
determined from 
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(22) 

Output Filtering 

The advantages of filtering at the output of the HCPL·3700 
are that it is a simple method to implement. The output 
waveform introduces only one additional delay time at turn 
off condition as opposed to the input filtering method 
which introduces additional delay times at both the turn on 
and turn off conditions due to initial charge or discharge of 
the input filter capacitor. The disadvantage of output fil­
tering is that the long transition time, t r, which is intro­
duced by the output RC filter requires a Schmitt trigger 
logic gate to buffer the output filter circuit from the sub· 
sequent logic circuits to prevent logic chatter problems. The 
determination of load resistance and capacitance is illus· 
trated in the following text. 

The following given values specify the interface conditions. 

HCPL·3700 

VOL = O.4V 

IOL = 4.2mA 

IOH = 100ILA max 

VCC = 5.0V ± 5% 

VT+ (min) = 1.5V 

VT+ (max) = 2.0V 

IIH 40llA max 

III -1.2mA max 

} threshold level 

Schmitt trigger upper 

With the current convention shown in Figure 12, the mini· 
mum value of R L which ensures that the output transistor 
remains in saturation is: 

RL (min) 
V _..:,C..:,C....:.(m:.:..:.::ax.:,:)_-_V--:.O.:.L 

~ 
IOL + IlL 

5.25V -O.4V 

4.2mA - 1.2mA 

(23) 

1.62 kn 

The maximum value for RL is calculated allowing for a 
guardband of O.4V in VT+ (max) parameter, or VIH = 

VT+ (max) + O.4V. 
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Figure 13. Output Waveforms of the HCPL·3700 

4.75V - 2.4V 

0.1 mA + 0.04mA 

R L is chosen to be 1650n. 

16.8 kn 

(24) 

CL can be determined in the following fashion. As illus· 
trated in Figure 8, the output of the optocoupler will be in 
the high state for a specific amount of time dependent 
upon the selected V + levels. In this example, V + = 122.5V 
(75%) and V _ = 81.5V (50%) and allowing for a minimum 
peak line voltage of 138V (-15%), the high state time 
(without CL) is from Equation (11 I, 4.58ms. With the 
appropriate CL value, the output waveform (solid line) 
shown in Figure 13 is filtered. 

The maximum ripple amplitude above VOL is chosen to be 
0.6V; that is, VOL + AVOL = 1.0V. This gives a 0.5V noise 
margin before VT + (minI = 1.5V is reached. The exponen' 
tial ripple waveform is caused by the CL being charged 
through RL and input resistance, RINTTL' of TTL gate. An 
expression for the allowable change in VOL can be written: 

(25) 

where r = R' L CL with R'L equal to parallel combination of 

RL and RINTTL' 

Below VT+ = 1.5V (min). RINTTL is constant and nom· 
inally 6 kn. Hence: 

R' L 

(1.65 kn) (6 kn) 

1.65 kn + 6 kn 

Solving Equation (25) for r yields 

(26) 
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r (27) 

and substituting previous parameter values and using 
VOH = VCC - (lOH + IIH) RL results in 

4.58ms 

( 
4.8V - O.4V ) 

In 4.8V _ O.4V _ 0.6V 

r 31.24ms 

CL can be calculated directly, 

31.24ms 

1.29 kn 

24.2MF use 27MF ± 10% 

or 33MF ± 20% 

(28) 

With this value of CL, the time the R' L CL filter network 
takes to reach VT + of the TTL gate is found as follows. 

(29) 

Solving for t, 

(30) 

and substituting VOH = 4.8V, VOL = O.4V, VT+ (min) = 

1.5V, and r = 31.24ms yields 

9.0ms 

This is the delay time that the system takes to respond to 
the ac line voltage going below the 50% (V ) threshold 
level. In essence, the response time is slightly more than a 
half cycle (8.33msl of 60 Hz ac line with worst case line 
variation taken into account. This delay time is acceptable 
for system power line protection. In this example, a com· 
plete worst case analysis was not performed. A worst case 
analysis should be done to ensure proper function of the 
circuit over variations in line voltage, unit to unit device 
parameter variations, component tolerances and tempera· 
ture. 



Threshold Accuracy Improvement 

In the above example on output filtering, the two external 
threshold levels were selected for turn on conditions at 
V + = 122.5V (75%) and turn off at V _ = 81.5V (50%). The 
calculated external resistor values were Rx = 17.4 kn and 
Rp = 1.2 kn. Using standard 5% resistors of 18 kn and 
1.2 kn respectively, the upper threshold voltage was 
actually 126.6V nominal. 

Examination of the worst possible combination of varia· 
tions of the HCPL·3700 optocoupler VTH+, ITH+, levels 
from unit to unit, and the ± 5% variations of Rx and Rp 
can result in the V + level changing +23% to -25% from 
design nominal. 

If higher threshold accuracy is desired, it can be accom­
plished by. decreasing the value of Rp in order to allow Rp 
to dominate the input resistance variations of the opto­
coupler. Using a 1 % resistor for Rp and resistance of suf· 
ficiently small magnitude, the V + tolerance variations can 
be significantly improved. The following analysis will allow 
the designer to obtain nearly optimum threshold accuracy 
from unit to unit. It should be noted that the HCPL-3700 
demonstrates excellent threshold repeatability once the 
external resistors are adjusted for a particular level and unit. 
The compromise which is made for the added control on 
threshold accuracy is that more input power must be con· 
sumed within the Rp, Rx resistors. 

In Figure 14, assume the circuit is at the upper threshold 
point. At constant VTH+, it is desired to maintain 1+ to 
within ± 5% variation of nominal value while allowing ± 1% 
variation in Ip+' With this requirement, Equations (31) and 
(32) can be written and solved for the magnitude of Ip+ 
which is needed to maintain the desired condition on 1+. 1+ 
is the sum of Ip+ and ITH+. 

1.051+ = 1.01 Ip+ + ITH+ (max)} (31) 
at constant VTH+ 

0.99 Ip+ + ITH+ (min) (32) 

where 

ITH+ (max) = 3.11mA 

ITH+ (min) = 1.96mA 

HCPL-3700 

Figure 14. Threshold Accuracy I mprovement through the 
Use of External Rx and Rp Resistors 
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Solving for Ip+ yields 

Ip+ = 11.2mA, 

and 

(33) 

11.2mA 

(use 453n, 1% resistor) 

This new value of Rp replaces the earlier Rp = 1.2 kn, and 
the circuit requires a new Rx value to maintain the same V + 
threshold level. 

122.5V - 5.1V 

13.7mA 

8.57 kn 

11.2mA + 2.5mA 

(use 8.66 kn, 1% resistor) 

With the possible variation of ± 1% in Rp and Rx' as well as 
unit to unit variations in the optocoupler VTH+, ITH+ the 
upper threshold level V + will vary significantly less than in 
the 5% resistor design case. The variations in V +' which is 
given by V + = Rx 1+ + VTH+, where 1+ = Ip+ + ITH+, are 
compared in Table 1. 

Table 1 illustrates the possible improvements in V + toler­
ance as Rx and Rp are adjusted to limit the variation of the 
external input threshold current, 1+, to the resistor network 
and optocoupler. This table is centered at a nominal ex­
ternal input threshold voltage of V + = 122.5V. It is the 
designer's compromise to keep power consumption low, 
but threshold accuracy high. 

NOTE: The above method for selection of Rp and Rx 
can be adapted for applications where larger 
sense currents (wet sensing) may be appro­
priate. 

Example 4. Dedicated Lines for Remote Control 

In situations involving a substantial separation between the 
signal source and the receiving station, it may be desirable 
to lease a dedicated private line metallic circuit (dc path) 
for supervisory control of remote equipment. The HCPL-
3700 can provide the interface requirements of voltage 
threshold detection and optical isolation from the metallic 
line to the remote equipment. This greatly reduces the ex­
pense of using a sophisticated modem system over a con­
vention telephone line. 



T T MAXIMUM TOTAL 

Rx 0 Rp 0 1+ TOLERANCE V + TOLERANCE POWER IN 
L. L. Rx + Rp (RMS) 

+17.5% 
18 kn 5% 1.2 kn 5% + 23% - 25% 0.69W 

-21.2% 

8.66 kn 1% 453n 1% ±5% +12.7% -19.3% 1.45 W 

4.32 kn 1% 205n 1% ±3% +11.2% -18.9% 2.92W 

2.15 kn 1% 97.5n 1% ±2% +10.6% -18.8% 5.89W 

Table 1. Comparison of the V + Threshold Accuracy Improvement versus Rx and Rp and Power Dissipation for a Nominal 
V+ = 122.5 V 

Figure 15 represents the application of the HCPL-3700 for 
a line which is to control tank levels in a water district. 

Some comments are needed about dedicated metallic lines_ 
The use of a private metallic line places restrictions upon 
the designer's signal levels. The line in this example would 
be used in the interrupted dc mode (duration of each inter­
ruption greater than one second), the maximum allowed 
voltage between any conductor and ground is .;; 135 volts. 
Maximum current should be limited to 150mA if the cable 
has compensating inductive coils in it. Balanced operation 
of the line is strongly recommended to reduce possible 
cross talk interference as well as to allow larger signal 
magnitudes to be used. Precaution also should be taken to 
protect the line and equipment. The line needs to be fused 
to ensure against equipment failure causing excessive cur­
rent to flow through telephone company equipment. In 
addition, protection from damaging transients must be 
taken via spark gap arrestors and commercial transient 
suppressors. Details of private line metallic circuits can be 
founded in the American Telephone and Telegraph 
Company publication 43401. 

RESERVOIR SWITCH 
CONDITION CONDITION 

FULL OPEN 
LOW CLOSED 

In this application, a 48V dc floating power source supplies 
the signal for the metallic line. The HCPL-3700 upper 
voltage threshold level is set for V + = 36V (75%). Conse­
quently, Rx is 

V+-VTH+ 

ITH+ 

36V -3.8V 

2.5mA 

12.9 kn 

(35) 

(use Rx/2 = 6.49 kn, 1% 
resistor in each input levell 

The resulting lower voltage threshold level is 

13 kn (1.3mA) + 2.6V 

19.5V 

(36) 

=:J15VAC .WATER 
PUMP 

--o-f 
r---------<'~----,>-- Vee 

R~~_R ~. 
FLOAT SWITCH 1------' 

~~~ 
48VDC -=­

BALANCED 
SUPPLY 

FLOAT SWITCH AND WATER PUMP ARE REMOTELY LOCATED WITH RESPECT TO EACH OTHER. 

Figure 15_ Application of the HCPL-3700 to Private Metallic Telephone Circuits for Remote Control 
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yielding VHYS = 16.5V. The average induced ac voltage 
from adjacent power lines is usually less than 10 volts (ref­
erence ATT publication 43401) which would not falsely 
turn on, or off, the HCPL-3700, but could affect conven­
tional optocouplers. 

Under normal operation (full reservoir). the optocoupler is 
off. When the float switch is closed (low reservoir), the 
optocoupler output (VOL) needs inversion, via a transistor, 
to drive the power Darlington transistor which controls a 
motor starting relay. The relay applies ac power to the 
system water pump. With VCC = 10V, IB2 = 0.5mA, IBl = 

0.5mA. 

VCC - 2VBE 

IB2 

10V -1.4V 

0.5mA 

17.2 kn 

18kn) 

VCC-VBE 

IB1 

10V - 0.7V 

O.SmA 

RL 18.6 kn 

(R L = 18kn) 

(37) 

(38) 

For this application, the ac inputs could also be used, which 
would remove any concern about the polarity of the input 
signal. 

General Protection Considerations for the HCPL-3700 

The HCPL-3700 optocoupler combines a unique function 
of threshold level detection and optical isolation for inter­
facing sensed signals from electrically noisy, and potentially 
harmful, environments. Protection from transients which 
could damage the threshold detection circuit and LED is 
provided internally by the Zener diode bridge rectifier and 
an external series resistor. By examination of Figure 1, it is 
seen that an input ac voltage clamp condition will occur at 
a maximum of a Zener diode voltage plus a forward biased 
diode voltage. 

At clamp condition, the bridge diodes limit the applied 
input voltage at the device and shunt excess input current 
which could damage the threshold detection circuit or 
cause excessive stress to the LE D. 

The HCPL-3700 optocoupler can tolerate significant inpl,lt 
current transient conditions. The maximum dc input 
current into or out of any lead is 50mA. The maximum 
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input surge current is 140mA for 3ms at 120 Hz pulse 
repetition rate, and the maximum input transient current is 
500mA for 10J,ls at 120 Hz pulse repetition rate. The use of 
an external series resistor, Rx' provides current limiting to 
the device when a large voltage transient is present. The 
amplitude of the acceptable voltage transient is directly 
proportional to the value of Rx' 

However, in order to protect the HCPL-3700 when the 
input voltage to the device is clamped, the maximum input 
current must not be exceeded. An external means by which 
to enhance transient protection can be seen in Figure 16. 

A transient RxCp filter can be formed with Cp chosen by 
the designer to provide a sufficiently low break point for 
the low pass filter to reduce high frequency transients. 
However, the break point must not be so low as to atten­
uate the signal frequency. Consider the previous ac applica­
tion where no filtering was used. In that application, Rx = 
37.4 kn, and if the bandwidth of the transient filter needs 
to be 600 Hz, then Cp is: 

Cp (39) 

0.0071J,1F (use 0.0068J,1F capacitor @ SOV dc) 

Should additional protection be needed, a very effective 
external transient suppression technique is to use a com­
mercial transient suppressor, such as a Transzorb ® ,or 
metal oxide varistor, MOV ® ,at the input to the resistor 
network prior to the optocoupler. The Transzorb ® will 
provide extremely fast transient response, clamp the input 
voltage to a definite level, and absorb the transient energy. 
Selection of a Transzorb ® is made by ensuring that the 
reverse stand off voltage is greater than the continuous 
peak operating voltage level. Transzorbs ® can be stacked 
in series or parallel for higher peak power ratings. Depend­
ing upon the designer's potential transient problems, a 
solution may warrent the expense of a commercial sup­
pression device. 

Thermal Considerations 

Thermal considerations which should be observed w!th the 
HCPL-3700 are few. The plastic 8 pin DIP package is 
designed to be operated over a temperature range of - 2SoC 
to 85°C. The absolute maximum ratings are established for 

Rx/2 

(v cp HCPl-3700 

Rx/2 

Figure 16. RxCp Transient Filter for the HCPL-3700 



a 70°C ambient temperature requiring slight derating to 
85°C. In general, if operation of the HCPL·3700 is at 
ambient temperature of 70°C or less, no heat sinking is re­
quired. However, for operation between 70°C and 85°C 
ambient temperature, the maximum ratings should be de­
rated per the data sheet specifications. 

Mechanical and Safety Considerations 

Mechanical Mounting Considerations 

The HCPL-3700 optocoupler is a standard 8 pin dual-in­
line plastic package designed to interface ac or dc power 
systems to logic systems. This optocoupler can be mounted 
directly onto a printed circuit board by wave soldering. 

Electrical Safety Considerations 

Special considerations must be given for printed circuit 
board lead spacing for different safety agency requirements. 
Various standards exist with safety agencies (U.L., V.D.E., 
I.E.C., etc.) and should be checked prior to PC board lay­
out. The HCPL-3700 optocoupler component is recognized 
under the Component Program of Underwriters 
Laboratories, Inc. in file number E55361. This file qualifies 
the component to specific electrical tests to 220V ac 
operation. 

The spacing required for the PC board leads depends upon 
the potential difference that would be observed on the 
board. Some standards that could pertain to equipment 
which would use the HCPL-3700 are UL1244, Electrical 
and Electronic Measuring and Testing Equipment, U L 1092, 
Process Control Equipment, and IEC348, Electronic 
Measuring Apparatus. Spacing for the worst case in an un­
controlled environment with a 2000 volt-amperes maxi­
mum supplying source rating must be 3.2mm (0.125 
inches) for 51 - 250 volts RMS potential difference over a 
surface (creepage distance), and 3mm (0.118 inches) 
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through air (bare wire). These separations are between any 
uninsulated live part and un insulated live part of opposite 
polarity, or un insulated ground part other than the en­
closure or an exposed metal part. 

An uncontrolled environment is an environment which has 
contaminants, chemical vapors, particulates or any sub­
stances which would cause corrosion, decrease resistance 
between PC board traces or, in general, be an unhealthy 
environment to human beings. 

For 0 - 50 volts RMS, the spacing is 1.6mm (0.063 inches) 
through air or over surfaces. 

Electrical Connectors 

The HCPL-3700 provides the needed isolation between a 
power signal environment and a control logic system. How­
ever, there exists a physical requirement to actually inter­
connect these two environments. This interconnection can 
be accomplished with barrier strips, edge card connectors, 
and PCB socket connectors which provide the electrical 
cable/field wire connection to the I/O logic system. These 
connectors provide for easy removal of the PC board for 
repair or substitution of boards in the I/O housing and are 
needed to satisfy the safety agency (U.L., V.D.E., I.E.C.) 
requirements for spacing and insulation. Connectors are 
readily available from many commercial manufacturers, 
such as Connection I nc., Buchanan, etc. The style of con­
nector to choose is dependent upon the application for 
which the PC board is used. If possible it is wise to choose a 
style which does not mount to the PC board. This would 
enable the PC card to be removed without having to dis­
connect field wires. The use of connectors which are called 
"gas tight connectors" provide for good electrical and 
mechanical reliability by reducing corrosion effects over 
time. 



APPENDIX I. List of Parameters 

v - Externally Applied Voltage VOL = Output Low Voltage of Device 

V+ - External Upper Threshold Voltage Level VOH = Output High Voltage of Device 
V - External Lower Threshold Voltage Level 10H = Output High Leakage Current of Device 

- VIHC1 Device* Input Voltage Clamp Level; Low 10L = Output Low Sinking Current of Device 
Voltage DC Case IIH = Input High Current of Driven Gate 

VIHC2 Low Voltage AC Case IlL = Input Low current of Driven Gate 
VIHC3 High Voltage DC Case VCC = Positive Supply Voltage 

liN Device Input Current RIN Input Resistance of HCPL·3700 
VIN Device Input Voltage VT+ == Schmitt Trigger Upper Threshold Voltage of 
VTH+ Device Upper Voltage Threshold Level TTL Gate (7414) 
VTH_ Device Lower Voltage Threshold Level RL = Output Pullup Resistance 

ITH+ Device Upper Input Current Threshold Level CL = Output Filter Capacitance 

ITH- Device Lower Input Current Threshold Level C Input Filter Capacitor 

Rx External Series Resistor for Selection of TH+ Upper Threshold Level 
External Threshold Level TH Lower Threshold Level 

Rp External Parallel Resistor for Simultaneous PRx Power Dissipation in Rx 
Selection/Accuracy Improvement of External PIN Power Dissipation in HCPL·3700 Input IC 
Threshold Voltage Levels PA Input Signal Port to P.I.A. 

1+ Total Input Current at Upper Threshold Level t+ Turn On Time 
to External Resistor Network (Rx' Rp) and t - Turn Off Time 
Device T Period of Waveform 

Ip+ Current in Rp at Upper Threshold Levels Cp Similar to Rp 
Vpeak Peak Externally Applied Voltage 

Vo Output Voltage of Device *Device = HCPL·3700 

{ 
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rh~ HEWLETT 
~~ PACKARD APPLICATION NOTE 1005 

Operational Considerations. for 
LED Lamps and Display Devices 

In the design of a display system, which incorporates LED 
lamps and display devices, the objective is to achieve an 
optimum between light output, power dissipation, re­
liability, and operating life. The performance character­
istics and capabilities of each LED device must be known 
and understood so that an optimum design can be 
achieved. The primary source for this information is the 
LED device data sheet. 

The data sheet typically contains Electrical/Optical Char­
acteristics that list the performance of the device and 
Absolute Maximum Ratings in conjunction with char­
acteristic curves and other data which describe the 
capabilities of the device. A thorough understanding of 
this information and its intended use provides the basis for 
achieving an optimum design. 

This application note presents an in-depth discussion of 
the theory and use of the electrical and optical information 
contained within a data sheet. Two designs using this 
information in the form of numerical examples are pre­
sented, one for dc operation and one for pulsed (strobed) 
operation. The calculated results for each example are 
underlined and accented by an arrow (-) for each 
identification. Specific information on operation without 
derating and the soldering of plastic LED devices is also 
presented. 

Typical Data Sheet Information 

A data sheet typically contains Absolute Maximum Rat­
ings, Electrical/Optical Characteristics, and typical oper­
ating graphs. The Absolute Maximum Ratings list such 
items as the maximum allowed forward currents, power 
dissipation, and operating ambient temperature range. 
The Electrical/Optical Characteristics list such data as the 
luminous intensity specification (Iv). forward voltage (VF ), 

peak wavelength (APEAK), dominant wavelength (Ad), and 
the device thermal resistance LED junction-to-pin on a per 
LED element basis (ROJ_PIN )' 

The five graphs that are usually contained within a data 
sheet are: 

Figure 1: Pulsed Mode Operating Curves 
Figure 2: Current Derating vs. Temperature 
Figure 3: Relative Luminous Efficiency 
Figure 4: Forward Voltage Characteristic 
Figure 5: Light Output vs. DC Drive Current 
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The data sheet also provides an equation to calculate the 
expected maximum forward voltage at a given current. 

Design Criteria 

This application note assumes that the objective of a 
specific design is to achieve a maximum light output from 
a display that is operated in an elevated ambient temper­
ature. The two crrteria that establish the operating limits 
are the maximum drive current and the maximum LED 
junction temperature. The maximum drive current has 
been established to ensure a long operating life and the 
maximum LED junction temperature is governed by the 
device package. The data sheet will list the maximum 
allowed drive currents for a specific device. The absolute 
maximum allowed LED junction temperature (TJ MAX) 
differs for the various device package configurations. For 
most plastic display devices, TJ MAX = 100°C; for most 
plastic lamps, TJ MAX = 110° C; and for alphanumeric PC 
board monolithic displays, TJ MAX = 110° C (for some PC 
board monolithic displays, TJ MAX = BOO C). 

Thermal Resistance 

The LED junction temperature is the sum of the ambient 
temperature (TA) and the temperature rise above ambient 
(L':. TJ), which is the product of the power dissipated within 
the junction (PD) times the thermal resistance LED 
junction-to-ambient (ROJA ). 

TJ (OC) = TA + L':.TJ (1 ) 

TJ (0C) = TA + PD ROJA 

The cathode pins of an LED device are the primary thermal 
paths for heat dissipation from the LED junction into the 
surrounding environment. The data sheet lists the thermal 
resistance LED junction-to-pin (ROJ-PIN) for the device. 
This device junction-to-pin thermal resistance is added to 
the thermal resistance-to-ambient of the PC board 
mounting assembly (ROPC_A) to obtain the overall value of 
ROJA on a per LED element basis. (NOTE: For monolithic 
displays, thermal resistance is calculated on a per digit 
basis.) 

ROJA = ROJ-PIN + ROPC-A (2) 

= ° C/W/LED Element 



r-

I I ! I I ;1 , \ 
OPERATION IN ~ 

\ ~ THIS REGION 
'l>~ REQUIRES 

~ 
DERATING 

~ OF IDe MAX. 

1> I~ 
.. :f~ 1 1: ~ 1,-. . 

\' 
\ 
~ :\ 'I 

DC OPERATI 
10,000 

ON 
10 100 250 1000 

tp - PULSE DURATION -115 

Figure 1. Maximum Tolerable Peak Current vs. Pulse Duration 

< 20 
E 
I 18 ... 17.5 

iii 16 
a: 
a: 14 ::> 
CJ 

g 12 

" 10 ::> 

" X 
< 
" 

1\ 
\. \ 

i\ 
, 

",f\"" 
" 110,1' • 370"C/W1$ GMENT ..... ~\ 

IIoJA • 494'C/Wi$EGMENT" 1-"\ I 

R'JA ~ 617"C/W~GMENT"'" 'I 
I 
x 
i 
u 

_0 

o 
o 10 20 30 40 50 606570 808590 

T. - AMBIENT TEMPERATURE _ 0 C 

Figure 2. Maximum Allowable DC Current per Segment vs. 
Ambient Temperature. Deratlngs Based on Maximum 
Allowed Thermal Resistance Values, LED Junctlon-to­
Ambient on a per Segment Basis. T JMAX _100°C 

60 
If 

l-
< 50 
E 
I ... I-
z 40 w 
a: 
a: I! 
::> 
CJ 30 
0 
a: I 
~ a: 20 e 

J 
I 
-~ 10 l/ 

:; 
o 

o 0.5 1.0 1.4 1.8 2.2 2.6 3.0 

V F - FORWARD VOLTAGE - V 

Figure 4. Forward Current VB. Forward Voltage Charecteristlc 

465 

1.9 

1.8 

1.61,·7 

> 1$ 
~ 1.5 
w 
c:; 1.4 
u: 
~ 1.3 

~ 1.2 

~ 1.1 
w 1.0 
a: 

.9 

.8 

.7 

o 

! I 
J I 

~;Itf ',/ 
II" 

l/ 1-I 
; 

'. 

,. 

o 5 10 15 20 25 30 35 40 45 50 55/60 65 
• 57.8 

IpEAK - PEAK SEGMENT CURRENT - rnA 

Figure 3. Relative Luminous Efficiency (Luminous Intensity 
per Unit Current) vs. Peak Segment Current 

L 
/ 

/ 
/ 

V 

V 
o /" 

o 10 15 20 

IF - DC CURRENT PER LED - mA 

Figure 5. Relative Luminous Intensity vs. DC Forward Current 



For reliable operation, it is recommended that the value of 
Rllpc-A be designed low enough to ensure that the LED 
junction temperature does not exceed the maximum 
allowed value. 

Derating vs. Temperature 

The derating vs. temperature, Figure 2, is derived from the 
LED junction temperature rise above ambient as estab­
by the maximum allowed power dissipation (Po MAX) 
which is derated linearly to zero power when TA = TJ MAX. 
The values of RBJA shown on Figu re 2 are derived from the 
quotient of t, TJ and Po MAX for a specified operating 
temperature. 

R</>JA (OC/W/LED) = (3) 

AT~ TJ MAX - TA OPERATING 

Po MAX (W) Po MAX 

The value of Po MAX is the power dissipation within a 
maximum forward voltage device when driven at the 
maximum data ·sheet current. Thus, ROJA is determined on 
the basis of worst case power dissipation. 

The derating curve with the largest ROJA value in Figure 2, 
normally a derating from TA = 50°C, represents a man­
datory derating for a typical application that utilizes a 
single sided PC board with 0.51 mm (0.020 inch) wide 
traces, assuming that no other provision is provided for 
heat dissipation. The other derating curves from higher 
ambient temperatures, shown as dashed lines on Figure 2, 
represent allowed increased drive currents when the 
design incorporates a more elaborate PC board mounting 
assembly to obtain a lower ROJA value for increased heat 
dissipation. The temperature deratings of Figure 2 ensure 
reliable operation for both dc and pulsed mode operation. 

Worst Case Power Calculation 

The worst case power is that power dissipated within the 
junction of a maximum forward voltage device. The worst 
case power is used for determining the worst case T J that 
will result from a specific drive current and thermal 
resistance, see Equation 1. The expected maximum for­
ward voltage (VF MAX) at a selected drive current is 
determined by an equation on the data sheet of the form: 

VFMAX = VON + (lPEAK) (LED Dynamic Resistance) (4) 

The worst case power is the product of the time average 
current under pulsed operation (dc current for dc oper­
ation) times VF MAX: 

PWORST CASE = (Ioc) (VF MAX); For DC Operation (5) 

PWORST CASE = (lPEAK) (DUTY FACTOR) (VF MAX at IPEAK); 

For Pulsed Operation 

Current Limiting 

An LED is a current operated device and some kind of 
current limiter must be incorporated as part of the drive 
circuitry. This current limiter usually takes the form of a 
resistor placed in series with the LED. The typical forward 
voltage characteristic of Figure 4 is used to calculate the 
series current limiter for each LED element. 

RUMITER = (6) 

VCC(POWER SUPPLY) -VSAT(ORIVE TRANSISTORS)-VF(FIGURE 4) 

IpEAK CURRENT PER LEO ELEMENT 
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Light Output 

The time averaged luminous intensity (Iv) at TA = 25°C for 
a particular drive condition may be calculated using the 
relative luminous intensity characteristic of Figure 5 fordc 
operation or the relative efficiency characteristic (IJIPEAK) 
of Figure 3 for pulsed operation. For dc operation, Iv (TA = 
25° C) is equal to the product of the data sheet luminous 
intensity specification times the relative factor for a 
specific dc current from Figure 5. 

~OC= m 
(Iv DATA SHEET)(FACTOR FROM FIGURE 5) 

For pulsed operation, the time averaged luminous at TA = 
25°C is calculated using the following equation: 

Iv TIME AVG = (8) 

[IAVG D~~V: SHEET] [IJIPEAK] [Iv DATA SHEET] 

Where: IAVG = The average forward current through an 
LED element 

IAVG DATA SHEET= The average current ai 
which Iv DATA SHEET is measured 

The luminous intensity value at TA = 25°C is adjusted by 
the following exponential equation to obtain the light 
output value at the operating ambient temperature. 

Iv (TA OPERATING) = Iv (25°C)e lk (TA - 25'C)) (9) 

LED k 

Standard Red -.0188/°C 

High Efficiency Red -.0131/"C 

Yellow -.0112/°C 

Green -.0104/°C 

Pulsed Mode vs .. DC Operation 

When operating an LED device under dc drive conditions, 
the junction temperature is a linear function of the dc 
power dissipation multiplied by ROJA. The light output is 
proportional to the dc drive current as expressed in 
Equation 7. 

The use of a 50 or 60 Hertz half or full-wave rectified ac as 
the drive current for LED devices is not recommended, 
since the rms power in a rectified sine wave is greater than 
the time averaged power of a rectangular waveform of an 
equivalent peak value. Pulsed drive conditions are based 
on the assumption that the drive current pulses are a 
rectangular waveform. If a rectified sine wave is to be 
used, in no case should the value of the peak current 
exceed the maximum allowed dc current value. 

When operating an LED device in a pulsed mode, it is the 
peak junction temperature (not the average) that governs 
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the performance of the device as to the allowed time 
average power dissipation and light output. The lower the 
peak junction temperature (TJ PEAK) is in relationship to 
the time average junction temperature (TJ AVG), the 
greater is the light output of the device. At slow refresh 
rates (the number of times per second a device is pulsed) 

" in the range of 100 Hz, TJ PEAK is greater than TJ AVG. As 
the refresh rate approaches 1000 Hz, the value of TJ PEAK 
approaches the value of TJ AVG. Therefore, it is recom­
mended that whenever possible LED devices be refreshed 
at a 1 KHz rate or faster, since at these faster pulse rates TJ 
PEAK is assumed to be equal to TJ AVG and the light 
output is a function of TJ AVG. 

Design Steps 

In order to determine the derated drive conditions from 
the data sheet for an elevated ambient temperature, a 
value for RliJA must be selected. Once a value for RliJA has 
been selected, the required current derating can be 
determined for the operating ambient temperature direct­
ly from Figure 2. As illustrated in the pulsed mode design 
example, the dc derating is used to determine the pulsed 
current derating. 

The four basic design steps are: 

1. Determine derated drive currents. 

2. Calculate the required value of Rlipc-A forthe PC board 
mounting configuration. 

3. Calculate the value of the current limiting resistor. Use 
the nearest standard value resistor larger than the 
calculated value. 

4. Calculate the light output. 

DC Design Example 

A high efficiency red seven segment display is to be 
operated in an ambient ofTA = 65° C. Pertinent data forthis 
device are: 

Maximum DC Current per segment (TA = 50°C) = 20mA 

Maximum Average Power Dissipation (TA = 50°C) = 81 mW 

Iv TYPICAL = 300pcd per segment at loc = 5mA 

RliJ-PIN = 282°C/W/Segment 

VF MAX = 1.60V + loc (450); for 5mA :S loc :S 20mA 

TJ MAX = 100°C 

The data sheet curves on page 2 apply to this device. It is 
assumed that a value of RliJA = 494°CIW/Segment or less 
will be incorporated into the display system design. 

Step 1. 
The derated dc drive current is determined from Figure 2. 

At TA = 65°C and RliJA:S 494°C/W/Segment, 

loc MAX = 17.5mA .. loc MAX 

Step 2. 
The required maximum thermal resistance for the PC 
board assembly is calculated from Equation 2: 

Rlipc-A 5: (494-282) = 212°C/W/Segment_ Rlipc-A 

Step 3. 
A value of VSAT = 0.4 volts is assumed for the LED drive 
transistors. From Figure 4, 

VF TYP (17.5mA) = 2.0V 
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From Equation 6 and assuming Vcc = 5.0V: 

RLiMITER = 5.0V - O.4V - 2.0V = 1490 -RLIMITER 
0.0175A = 

Use a 1500 standard value resistor. 

Step 4. 
From Figure 5, the normalized lightat 17.5mA is a factor of 
4.4 x the light output at 5mA. 

From Equation 7: 

Iv (25° C) = (300J,lcd)(4.4) = 1320 J,lcd/segment 

Using Equation 9 to adjust the light output for TA = 65° C: 

Iv (65°C) = (1320J,lcCl)e[-·0131/'C (65-25)'C] 

Iv (65°C) = (1320)(0.592) = 782J,1cd/segment • Iv 

Pulsed Mode Design Example 

A four digit display using the same high efficiency red 
seven segment display described in the DC Design Ex­
ample is to be operated in a pulsed mode in an ambient of 
TA = 65°C. Additional pertinent data for this device are: 

Maximum Peak Current per Segment 

(TA = 50°C, Pulse Width = 2ms) = 60mA 

VF MAX = 1.75V + IPEAK (380); for IPEAK ~ 20mA 

It is assumed that a value of RliJA = 494° CIW/segment or 
less will be incorporated into the display system design. 

Figure 1 is used to select the refresh conditions for pulsed 
operation. These refresh conditions are junction temp­
erature related to the dc current deratings of Figure 2. 
Figure 1 relates the ratio of maximum-peak current to 
temperature derated maximum de current (lPEAK MAX/I DC 
MAX) and pulse duration (tp) as a function of refresh rate 
(f). The allowed average power dissipation decreases 
below f = 1 kHz since the difference between TJ PEAK and 
TJ AVG increases with decreasing refresh rates. This 
condition is illustrated by the dashed line shown on Figure 
1, which shows the ratio of IPEAK MAX to loc MAX 
decreasing with slower refresh rates with the duty factor 
fixed at 1 of 4. 

Step 1. 
For best performance, a refresh rate of 1 kHz will be used: 

~. 

A four digit display sets the duty factor (D. F.) at one of 
four: 

D.F. = 1/4 .. D.F. 

tp = (1/f)(D.F.) = (1/1000 Hz)(1/4) = 250J,ls .. tp 

From Figure 1: 
IPEAK/loC MAX = 3.3; for tp = 250J,ls and f = 1 kHz 

From Figure 2: 
loc MAX, at TA = 65°C and RliJA = 494°C/W/Segment, is 
17.5mA 

IPEAK = (lPEAK MAX/I DC MAX)(loc MAX from Figure 2) 

IPEAK = (3.3)(17.5mA) = 57.8mA per Segment -IPEAK 

IAVG = (lPEAK)(D.F.) = (57.8mA)(1/4) = 14.5mA_IAVG 

These are the maximum pulsed mode drive currents for 
this design as defined by TA = 65°C and RliJA :S 494° C/W/ 
segment. 



Step 2. 
The required maximum thermal resistance for the PC 
board assembly is calculated from Equation 2: 

RlJpC-A ~ (494-282) = 
212°C/w/segment .. RllpC-A MAX 

Step 3. 
A value of VSAT = 1.2 volts is assumed for the LED drive 
transistors. From Figure 4, 

VF TYP (57.8mA) = 2.85V 

From Equation 6 and assuming VCC = 5.0V: 

5.0V - 1.2V - 2.85V 
RLIMITER = = 160 .... I----RUMITER 

0.578A = 

Use a 170 standard val ue resistor. 

Step 4. 
From Figure 3, the relative efficiency for IPEAK = 57. SmA is: 

1]IPEAK = 1.61 

From Equation!t 

Iv(25°C) = r14.5mAl [1.61J[300J,lcd] = 
l 5mA J 

1401pcd per segmen,t 

Using Equation 9 to adjust the light output for TA = 65°C: 

Iv(650C) = (1401J,1cd)e[-.o131/'c (6S-2S)'C) 

Iv (65° C) = (1401 )(0.592).= 829J,1cd per Segment~ Iv 

Operation Without Derating 

LED lamp and display devices may be operated in elevated 
ambient temperature environments without derating only 
when the PC board mounting configuration is designed 
for a sufficiently low thermal resistance. The critical 
criterion is that the LED junction temperature must not 
exceed the TJ MAX value for the device. This low thermal 
resistance design will typically include such items as a 
maximum metallized PC board and possible heat sinking 
to ensure adequate heat dissipation. In no situation 
should the absolute maximum current limitations be 
exceeded. 

The necessary thermal resistance requirements for oper­
ation without derating are calculated using the value for 
worst case power dissipation. A numerical example using 
the LED display device from the above two examples will 
illustrate the calculation procedure. 

Step 1. 
Determine the maximum permissible value for RIIJA. 

The absolute maximum power dissipation as listed on the 
data sheet for this particular LED device is 81 mW. The 
operating ambient temperature is to be 65° C. 

Referring to Equation 3 

RIJJA MAX ~ TJ MAX - TA OPERATING 
PMAX DATA SHEET 

For this example: 

10ifC-6~C • 
RIIJA MAX ~ = 432° C/W/Segment 

.081W 

The required limit on the thermal resistance for the PC 
board mounting configuration is derived by rewriting 
Equation 2: 

ROPC-A MAX ~ RIJJA MAX - ROJ-PIN 
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For this example: 

RlJpC-A ~ (432-282) = 150°C/W/segment __ RlJpc_A MAX 

The particular LED display device used in this example 
may be operated at maximum power dissipation in an 
ambient of TA = 65°C without derating as long as the PC 
board mounting configuration is designed to have RlJpC-A 
~ 150° C/W/Segment. 

CAUTION: Since these calculations are based on 
only TJ AVG and exclude the consider­
ation of TJ PEAK, pulsed operation 
without derating is only recommended 
for refresh rates of 1 kHz or faster. 

Soldering Plastic LED Devices 

Because plastic LED devices utilizing a lead frame con­
struction have the LED dice attached directly to the 
cathode lead, the cathode lead is the direct thermal and 
mechanical stress path to the LED dice. For this reason, it 
is necessary to carefully control the solder temperature 
and dwell time in the solder wave to ensure subsequent 
reliable operation. LED devices can be effectively wave 
soldered with a wave temperature of 245°C and a dwell 
time of 1 % to 2 seconds. 

The post solder cleaning process is also crucial to 
ensuring reliable performance. In order to optimize device 
optical performance, specially developed plastics are 
used which restrict the solvents that may be used for 
cleaning. It is recommended that only mixtures of Freon 
(F113) and alcohol be used for vapor cleaning processes, 
with an immersion time in the vapors of less than two (2) 
minutes maximum. Some suggested vapor cleaning sol­
vents are Freon TE, Genesolv DI-15 or DE-15, Arklone A 
or K. A 60°C (140°C) water cleaning process may also be 
used, which includes a neutralizer rinse (3% ammonia 
solution or equivalent), a surfactant rinse (1% detergent 
solution or equivalent), a hot water rinse and a thorough 
air dry. Room temperature cleaning may be accomplished 
with Freon T -35 or T -P35, Ethanol, Isopropanol or water 
with a mild detergent. 

Some LED devices may require special handling during 
soldering, during post solder cleaning, or may not lend 
themselves to a wave soldering process. Three specific 
considerations are: 

1. Plastic LED Lamps: The plastic encapsulant that forms 
the lamp package is the only supporting element forthe 
leads. It is important to prevent stresses from entering 
the device package which could damage the LED die 
attach and wire bonds. The leads of a lamp may be bent 
to a desired angle by observing the following pro­
cedure. Firmly grasp the leads at the base of the lamp 
package with a pair of needle nose pliers to supportthe 
lamp while bending the leads. Overheating during 
soldering will cause melting of the plastic, ~lIowing 
possible lead movement to occur which may result in 
the catastrophic failure of the die attach or wire bonds. 
Care should be taken to ensure that no stresses are 
applied to the leads during the soldering process. 
External stresses applied to the leads during soldering 
could induce strains within the device package that 
may induce latent failure. Once properly soldered in 
place, an L~D lamp will typically exhibit a very high 
degree of reliability. 



c 

2. PC Board Monolithic Displays: Many PC board mono­
lithic displays do not lend themselves to a wave 
soldering process. The plastic lens that covers the LED 
chips and wire bonds is attached to the PC board 
without forming a seal. The chemicals used in a wave 
soldering process can collect underneath the lens. The 
post solder cleani ng process may not remove all of the 
trapped chemicals and prolonged exposure of the LED 
dice and wirebonds to these chemicals can cause 
permanent damage. Also, the plastic used to make 
some of the lenses is suscepti ble to damage from rosin 
fluxes and hydrocarbon cleaners. The two recom­
mended installation procedures are either to hand 
solder flexible cable to the display contacts or use 
solderless connector pins such as the 022-002 series 

- .~" .... J .... \i!., _!J ... ~im .... :;siA ........ ;.:0 .... $ .... ·., ............... V·i._ 
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supplied by JAV Manufacturing, 125 Wilbur Place, 
Bohemia, NY 11716. Effective room temperature clean­
ing may be accomplished using Freon TP-35 or TE-35, 
solvent temperature ::; 30 0 C and an immersion time::; 2 
minutes. 

3. Silver Lead Frames: Many plastic LED devices utilize a 
silver plated lead frame. Silver plating provides ex­
cellent solderability as long as the leads are kept free 
from tarnish buildup due to coming in contact with 
sulfur compounds. Application Bulletin 3 offers speci­
fic information on the effective use and soldering of 
si Iver lead frame devices. 

It is suggested that the device data sheet be consulted 
for specific information on wave soldering. 
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HP Components 
Franchised· Distributor 
And Representative 

Directory 

United States 

Alabama 
Hall-Mark Electronics 
4733 Commercial Drive 
Huntsville 35805 
(205) 837-8700 

Hamilton/Avnet 
4692 Commercial Drive 
Huntsville 35805 
(205) 837-7210 

Arizona 
Hamilton/Avnet 
505 South Madison 
Tempe 85281 
(602) 894-2594 

Wyle Distribution Group 
8155 North 24th Avenue 
Phoenix 85021 
(602) 249-2232 
In Tucson (602) 884-7082 

California 
Hamilton/Avnet 
4545 View ridge Avenue 
San Diego 92123 
(714) 279-2421 

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

Hamilton Electro Sales 
3170 Pullman Street 
Costa Mesa 92626 
(714) 641-4120 

Hamilton Electro Sales 
10950 Washington Boulevard 
Culver City 90230 
(213) 558-2121 

Schweber Electronics 
3110 Patrick Henry Drive 
Santa Clara 95050 
(408) 496-0200 

Schweber Electronics 
17811 Gillette Avenue 
Irvine 92714 
( 714) 556-3880 

Wyle Distribution Group 
124 Maryland Street 
EI Segundo 90245 
(213) 322-8100 

Wyle Distribution Group 
17872 Cowan Avenue 
Irvine 92704 
(714) 641-1600 

Wyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
17141565-9171 

Wyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95052 
(408) 727-2500 

Colorado 
Hamilton/Avnet 
5921 N. Broadway 
Denver 80216 
(3031 534-1212 

Wyle Distribution Group 
6777 E. 50th Avenue 
Commerce City 80022 
(303) 287-9611 

Connecticut 
Hamilton/Avnet 
643 Danbury Road 
Georgetown 06829 
1203) 762-0361 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park 
Danbury 06810 
(203) 792-3500 

Wilshire Electronics 
Village Lane 
P.O. Box 200 
Wallingford 06492 
(203) 265-3822 

Florida 
Hall-Mark Electronics 
1302 W. McNab Road 
Ft. Lauderdale 33309 
(305) 971-9280 

Hall-Mark Electronics 
7233 Lake Ellenor Drive 
Orlando 32809 
(305) 855-4020 

Hamilton/Avnet 
3197 Tech Drive No. 
SI. Petersburg 33702 
1813) 576-3930 

-~-- ----_. 
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Schweber Electronics Schweber Electronics 
2830 N. 28th Terrace 9218 Gaither Road 
Hollywood 33020 Gaithersburg 20760 
(305) 927-0511 (301) 840-5900 

Georgia Wilshire Electronics 
Hamilton/ Avnet 1037 Taft Street 
6700 1-85 Suite IE Rockville 20850 
Norcross 30071 (301) 340-7900 
( 404) 448-0800 Massachusetts 
Schweber Electronics Hamilton/Avnet 
4126 Pleasantdale Road 50 Tower Office Park 
Atlanta 30340 Woburn 01801 
(404) 449-9170 (617) 273-7500 

Indiana Schweber Electronics 

Pioneer-Standard 
25 Wiggins Avenue 

6408 Castleplace Drive 
Bedford 01730 

Indianapolis 46250 
(617) 890-8484 

(317) 849-7300 Wilshire Electronics 

Illinois 
One Wilshire Road 
Burlington 01803 

Hall-Mark Electronics (617) 272-8200 
1177 Industrial Drive 

Michigan Bensenville 60106 
(312) 860-3800 Hamilton/Avnet 

Hamilton/Avnet 
32487 Schoolcraft Road 

3901 N. 25th Avenue 
Livonia 48150 

Schiller Park 60176 
(313) 522-4700 

(312) 678-6310 Schweber Electronics 

Schweber Electronics 
33540 Schoolcraft Road 

1275 Brummel Avenue 
Livonia 48150 

Elk Grove Village 60007 
(313) 583-9242 

(312) 364-3750 Minnesota 

Kansas Hall-Mark Electronics 

Hall-Mark Electronics 
9201 Penn Avenue, So. 
Suite 10 

11870 West 91 st Street Bloomington 55431 
Shawnee Mission 66214 (612) 884-9056 
(913) 888-4747 

Hamilton/ Avnet 
Hamilton/Avnet 7449 Cahill Road 
9219 Quivira Road Edina 55435 
Overland Park 66215 (612) 941-3801 
(913) 888-8900 

Schweber Electronics 
Maryland 7402 Washington Avenue, So. 
Hall-Mark Electronics Eden Prairie 55343 
6655 Amberton Drive (612) 941-5280 
Baltimore 21227 

Missouri (301) 796-9300 

Hamilton/Avnet 
Hall-Mark Electronics 
13789 Rider Trail 

7235 Standard Drive Earth City 63045 
Hanover 21076 (3141291-5350 
(301) 796-5000 
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Hamilton/Avnet Schweber Electronics Oregon Hamilton/Avnet 
396 Brookes Lane Jericho Turnpike Representative 3939 Ann Arbor 
Hazelwood 63042 Westbury 11590 

Northwest Marketing Houston 77063 
(314) 731-1144 (516) 334-7474 

Associates, Inc. (713) 780-1771 

New Jersey Wilshire Electronics 9999 S.W. Wilshire Street Schweber Electronics 
Hamilton/Avnet 10 Hooper Road Suite 211 14177 Proton Road 
1 Keystone Avenue Endwell 13760 Portland 97225 Dallas 75240 
Cherryhill 08003 (607) 754-1570 (503) 297-2581 (214) 661-5010 
(609) 424-0100 Wilshire Electronics (206) 455-5846 Schweber Electronics 
Hamiltonl Avnet 110 Parkway So. Drive Pennsylvania 7420 Harwin Drive 
10 Industrial Road Hauppauge, L.I. 11787 Hall-Mark Electronics Houston 77036 
Fairfield 07006 (516) 543-5599 458 Pike Road (713) 784-3600 
(201 ) 575-3390 Wilshire Electronics Huntingdon Valley 19001 Utah 
Schweber Electronics 1260 Scottsville Road (215) 355-7300 

Hamiiton/Avnet 
18 Madison Road Rochester 14624 Pioneer-Standard 1585 West 2100 South 
Fai rfield 07006 (716) 235-7620 560 Alpha Drive Salt Lake City 84119 
(201) 227-7880 North Carolina Pittsburgh 15238 (801 ) 972-2800 
Wilshire Electronics Hall-Mark Electronics (412) 782-2300 

Washington 
1111 Paulison Avenue 1208 Front Street, Bldg. K Schweber Electronics Hamilton/Avnet Clifton 07015 Raleigh 27609 101 Rock Road 14212 N.E. 21st Street (201) 340-1900 (919) 832-4465 Horsham 19044 Bellevue 98005 
Wilshire Electronics Hamiltonl Avnet (609) 964-4496 (206) 746-8750 
102 Gaither Drive 2803 Industrial Drive (215) 441-0600 

Wyle Distribution Group Mt. Laurel 08057 Raleigh 27609 Texas 1750 132nd Avenue, N.E. (609) 234-9100 (919) 829-8030 Hall-Mark Electronics Bellevue 98005 
New Mexico Ohio 10109 McKalia Road (206) 453-8300 
Hamiltonl Avnet Hall-Mark Electronics Suite F 

Representative 
2524 Baylor S.E. 6969 Worthington-Galena Road Austin 78758 

(512) 837-2814 Northwest Marketing Albuquerque 87106 Worthington 43085 
Associates, Inc. (505) 765-1500 (614) 846-1882 Hall-Mark Electronics 12835 Bellevue-Redmond Road 

New York Pioneer-Standard 11333 Pagemill Drive Suite 203E 
Hamiltonl Avnet 4800 East 131st Street Dallas 75222 Bellevue 98005 
16 Corporate Circle Cleveland 44105 (214) 234-7400 (206) 455-5846 
East Syracuse 13057 (216) 587-3600 Hall-Mark Electronics Wisconsin 
(315) 437-2641 Pioneer-Standard 8000 Westglen 

Hall-Mark Electronics 
Hamiltonl Avnet 1900 Troy Street P.O. Box 42190 

9625 South 20th Street Houston 77042 
5 Hub Drive Dayton 45404 

(713) 781-6100 Oakcreek 53154 
Melville 11746 (513) 236-9900 (414) 761-3000 
(516) 454-6000 Schweber Electronics Hamiltonl Avnet 

Hamiiton/Avnet 
Hamiltonl Avnet 23880 Commerce Park Road 10508 A. Boyer Boulevard 

2975 Moorland Road 
167 Clay Road Beachwood 44112 Austin 78757 

New Berlin 53151 
Rochester 14623 (216) 464-2970 (512) 837-8911 

(414) 784-4510 
(716) 442-7820 Oklahoma Hamilton/Avnet 

r Schweber Electronics Hall-Mark Electronics 
4445 Sigma Road 
Dall!is 72540 l 2 Townline Circle 5460 South 103rd E. Avenue (214) 661-8661 

Rochester 14623 Tulsa 74145 
(716) 424-2222 (918) 835-8458 
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International 

Australia Representatives RTG E. Springorum Kg Ryoyo Electric Corporation 
CEMA ELECTRONICS PTY. LTD. Cantec Reps, Inc. GmbH & Co. Konwa Building 
170 Stu rt Street 28 Eastmoor Cresent Bronnerstrasse 7 12-22 Tsukiji, 1-Chome 
Adelaide, S.A. Dollard Des Ormeaux 4600 Dortm und Chuo-Ku, Tokyo 
(61) 8516483 Montreal, Quebec H9G 2Nl (49) 231 54951 (81) 3 5437711 

CEMA ELECTRONICS PTY. LTD. (514) 620-6313 RTG Distron New Zealand 
208 Whitehorse Road Cantec Reps, Inc. Behaimstr. 3 CEMA ELEKON LTD. 
Blackburn, Victoria 83 Galaxy Boule·vard Postfac h 100208 7-9 Kirk Street 
(61) 3 8775311 Unit lA 1000 Berlin 10 Grey Lynn, Auckland 

CEMA ELECTRONICS PTY. LTD. Toronto (Rexdale) (49) 303421041/45 (64) 4 761169 

22 Ross Street Ontario M9W 5X6 Holland Norway 
Newstead, Queensland (416) 675-2460 Diode B.V. Ola Tandberg Elektro A/S 
(61) 72524261 Cantec Reps, Inc. Hollant Laan 22 Skedsmogt. 25 
CEMA ELECTRONICS PTY. LTD. 1573 Laperriere Avenue 3526 Am Utrecht Oslo 6 
21 Chandos Street Ottawa, Ontario K1Z 7T3 (31) 30884214 (47) 2 197030 
St. Leonards, N.S.W. 2065 

(613) 725-3704 India Spain 
(61) 2 4394655 Denmark Blue Star Ltd. Diode Espana 
Austria Distri butoeren Blue Star House Avda de Brasil 7 
Transistor V.m.b.H. Interelko A.P.S. 11/11 A Magarath Road Edif. Iberia Mart 
Auhofstr.41a Hovedgaden 16 Bangalore Madrid 20 
1130 Wien 4622 Havdrup 560025 (34) 1 4550139/40 
(43) 222829451 (45) 3 385716 Blue Star Ltd. So. Africa 

Belgium Finland Silhas Fairmont Electronics (Pty.) Ltd. 

Diode Belgium Field OY 414/2 Viv Savarkar Marg P.O. Box 41102 
Veneentekijantie 18 Prabhadevi Craig hall 2024 Rue Picard 202 Bombay 400 025 

1020 Bruxelles 00210 Helsinki 21 Transvaal 
(90) 6922577 457887 (27) 11 7891230 (32) 2 4285108 
France Blue Star Ltd. Sweden Brazil Bhandari House 

Datatronix Electronica L TDA Almex 7th and 8th Floor Distributoeren 

Av. Pacaembu, 746-Cl1 Zone Industrielle d'Antony 91 Nehru Place Interelko A.B. 
Sao Paulo, Brazil 48, rue de l'Aubepine New Delhi 110024 Box 32 
(55) 11 8260111 92160 Antony 634770 122 21 Enskede 

Canada 
(33) 1 6662112 635166 (46) 8 132160 

Hamiltonl Avnet 
ETS. F. Feutrier Israel Switzerland 

3688 Nashua Drive 
rue des trois Glorieuses Electronics and Engineering Baerlocher AG 
42270 St-Priest-en-Jarez 

Units G & H St. Etienne Div. of Motorola Israel Ltd. Forrlibuckstrasse 110 
Mississauga, Ontario L4V 1 M5 (33) 77 746733 16 Kremenetski Street 8021 Zurich 
(416) 677-7432 P.O. Box 25016 (41) 1 429900 

Hamilton/Avnet 
F. Feutrier Tel Aviv 67899 United Kingdom 29 rue Ledru Rollin (97) 23338973 2670 Sabourin Street 92150 Suresnes Celdis Ltd. 

St. Laurent (33) 1 7724646 Italy 37 -39 Loverock Road 
Montreal, Quebec H4S 1 M2 Celdis Italiana S.p.A. Reading 
(514) 331-6443 S.C.A.I.B. Via F. IIi Gracchi, 36 Berkshire RG3 1 ED 
Hamiltonl Avnet 

80 rue d'Arcueil 20092 Cinisello B. (44) 734 585171 
1735 Courtwood Crescent 

Zone-Silic (39) 26120041 
94150 Rungis Jermyn-Mogul Distribution 

Ottawa, Ontario K2C 3J2 (33) 1 6872313 Eledra S.p.A. Vestry Estate 
(613) 226-1700 Viale Elvezia 18 Seven Oaks 
Zentronics, Ltd. 

Germany 20125 Milano Kent TN14 5EU 
1355 Meyerside Drive EBV Elektronik (39) 3493041 (44) 732500144 

Mississauga, Ontario LST lC9 Vertriebs GmbH 
Japan Macro Marketing Ltd. Oberweg 6 (416) 676-9000 

8025 Unterhaching Ryoyo Electric Corporation 396 Bath Road 
Zentronics, Ltd. (49) 89 611051 Meishin Building Oippheham 

5010 Pare Street 1-20-19 Nishiki Slough 
Montreal, Quebec H4P 1 P3 Ingenieurbuero Dreyer Naka-Ku, Nagoya, 460 Berkshire SL1 6JD 
(514) 735-5361 Flensburger Strasse 3 (81) 522030277 ( 44) 6286 4422 

Zentronics, Ltd. 
2380 Schleswig 

Ryoyo Electric Corporation (49) 4621 23121 
141 Catherine Street Taiyo Shoji Building 
Ottawa, Ontario K2P 1 C3 Jermyn GmbH 4-6 Nakanoshima 
(613) 238-6411 Postfach 1180 Kita-Ku, Osaka, 530 

6277 Cam berg (81) 6 4481631 
(49) 6434/23-1 

474 



Sales/Service Offices 
Arranged alphabetically by country 
ANGOLA BAHRAIN ONTARIO Institute of Medical Bionics Hewlett-Packard France 
Telectfa Medical Only Hewlett-Packard (Canada) Ltd. Vyskumny Uslav lekarskej 20, Chemin de La C6pi~re 
Empresa T6cnica de Wael Pharmacy 1020 Morrison Or, Bioniky 3t081 Toutou •• 

Equipamenlos P.O. Bo, 648 Ottawa K2H 8K7 Jedlova 6 L. MlrIU-GMe, 
El6ctricos, S.A.A,L. eahraln Tel: (613) 820-6483 CS·88346 Bratislava" Tel: (61) 40 II 12 

R. Barbosa Rodrigues, Tel: 54886, 56123 TWX: 610-563-1636 Kramar. 
HewleU·Packard France 41-1"0T." Telex: 8550 WAEL GJ Hewlett-Packard (Canada) Ltd. Tel: 44-551 
Le Ligoures Cai,a Postal, 6487 AI Hamidiya Trading and 6877 Gareway Drive Telex: 93229 
Place Rom6e de Villeneuve Luanda Contracting Mlllillaug. L4V IM8 DENMARK 13100 Alx-en·Provence Tel: 35515/6 P.O, Box 20074 Tel: (416) 678-9430 Hewlett-Packard AlS Tel: (42) 59 4 I 02 ARGENTINA Manama TWX: 610-492-4246 Oatavej 52 TWX: 410770F HewleU·Packard Argentina S.A. Tel: 259978, 259958 Hewlett-Packard (Canada) Ltd. OK-3460 Blrkerod 
Hewlett·Packard France Santa Fe 2035, Martinez Telex: 8895 KALOIA GJ 552 Newbold Sireel Tel: (02)81 86 40 
2, Allee de la Bourgonette 6140 Bueno. Air •• BANGLADESH London N6E 2S5 Telex: 37409 hpas dk 
35100 Renne. Tel: 792-1239, 798-6086 The General Electric Co. 01 Tel: (519) 686-9181 Hewlett·Packard AJS Tel: (99) 5 I 42 44 Telex: 122443 AA CIGY Bangladesh Ltd, TWX: 610-352-1201 Navervej 1 TWX: 740912F Biotron S.A.C.l.y M. Magnel House 72 QUEBEC OK-8600 SUkeborg 
Hewletl-Packard France Avda. Paseo Colon 221 Dilkusha Commercial Area Hewlett-Packard (Canada) Ltd. Tel: (06) 82 71 66 
18, rue du Canal de la Marne 9 piso MotlJheU, Dacca 2 275 Hymus Blvd. Telex: 37409 hpas dk 
67300 SchUtlgh.'m 1399 Bueno. Alre. Tel: 252415, 252419 Pointe Cilire H9A IG7 ECUADOR Tel: (88) 83 08 10 Tel: 30-484611B5118384 Telex: 734 Tel: (514) 697-4232 CYEOE Cia. Llda. TWX: 89014 IF 34-9356/0460/455 I 

BELGIUM TWX: 610-422-3022 P,O. Box 6423 CCI Hewletl-Packard France Telex: (33) 17595 BID AA 
Hewlett-Packard Benelux FOR CANADIAN Av. Eloy Maro 1749 Immeuble pMcentre AUSTRALIA S,A.lN.V. AREAS NOT Oulto rue van Gogh AUSTRALIA CAPITAL Avenue du Col-Vert, 1, LISTED: Tel: 450-975, 243-052 59650 Villeneuve O'Ascq TERR_ (Groenkraaglaan) Coniaci Hewlett-Packard (Can- Telex: 2548 CYEDE ED Tel: (20) 914125 Hewletl-Packard Australia Pty. B- I 170 Brullela ada) Lid, in Mississauga, Medicel Only TWX: 160124F Lid. Tel: (02) 660 50 50 

CHILE Hospitalar SA Hewlett-Packard France 121 Wollongong Streel Telex: 23-494 paloben bru 
Jorge Calcagni y Cia. Llda, Casilla 3590 BAlimenl Amp~re Fyahwlck, 2609 BRAZIL Arluro Burhle 065 Aobles 625 Rue de la Commune de Paris Tel: 804244 Hewletl-Packard do Brasil Casilla 18475 QUito B.P.300 Telex: 62650 l.e.C. Ltda. Correo 9, Santiago Tel: 545-250 93153 Le Blanc Me.nll-NEW SOUTH WALES Alameda Aio Negro, 750 Tel: 220222 EGYPT C6dex Hewlett-Packard Australia Ply. Alphaville Telex: JCALCAGNI I.EA Tel: (01) 931 88 50 Ltd. 06400 Bar.erl SP International Engineering Telex: 21 l032F 3 I Bridge Sireel Tel: 429-3222 COLOMBIA 

Associates Hewlett-Packard France Pymble, 2073 Hewlett-Packard do Brasil Instrumentaci6n 
24 Hussein Hegazi Street Av. du Pdl. Kennedy Tel: 4496586 l.e.C. Llda. Henrlk A, Langebaek & Kler 
Kasr-el-Aini 33700 Marlgnac Telex: 21561 Aue Padre Chagas, 32 SA 
Cairo Tel: (56) 97 01 81 Carrera 7 No. 48·75 QUEENSLAND 90000-P6rto Alegre-AS 

Apartado Mreo 6287 Tel: 23 829 Hewlett-Packard France Hewlett Packard Australia Pty. Tel: 22-2998, 22-5621 
B090t', I O.E. Telex: 93830 Immeuble Lorraine Ltd. Hewlett-Packard do Brasil Tel: 269-8877 SAMITAO Boulevard de France 5th Floor l.e.C. Llda, Telex: 44400 Sami Amin Trading Office 91035 Evry-CMex Teachers Union Building Av. Epilacio Pessoa, 4664 
Instrumentaci6n 18 Abdel Aziz Gawish Tel: 077 96 60 495-499 Boundary Streel 22471-Rlo de Janelro-AJ Abdlne·Calro Telex: 692315F Spring Hili, 4000 Tel: 286-0237 H.A. Langebaek & Kier SA 

Tel: 24932 Hewlett-Packard France Carrera 63 No. 49-A-31 Tel: 2291544 Telex: 021-21905 HPBR-BA 
Aparlado 54098 EL SALVADOR 23 Rue Lolhaire SOUTH AUSTRALIA 

CANADA Medellin IPESA 57000 Met. Hewlelt-Packard Australia pty. 
Tel: 304475 Bulevar de los Heroes I 1-48 Tel: (87)65 53 50 Ltd. ALBERTA 

Edilicio Sarah 1148 GERMAN FEDERAL 153 Greenhill Aoad Hewlett-Packard (Canada) Lid. COSTA RICA 
San Salvador REPUBliC r Parkalde, 5063 I 1620A - 1681h Sireel Cienlifica Coslarricense SA 
Tel: 252787 Hewlett-Packard GmbH .. Tel: 272591 I Edmonton T5M 3T9 Avenida 2, Calle 5 

Vertriebszentrale Frankfurl Telex: 82536 Tel: (403) 452-3670 San Pedro de Montes de Oca ETHIOPIA 
TWX: 610-831-2431 Aparlado 10159 Abdella Abdulmalik Berner Strasse 117 VICTORIA 

San Jo •• P.O. Box 2635 Posttach 560 140 Hewlett-Packard Australia Ply. Hewlett-Packard (Canada) Lid. 
Tel: 24-38-20, 24-08- 19 Addl, Abab. 0-6000 Frankfurt 56 Lid. 210,7220 Fisher SI. S,E. 

3 I -4 I Joseph Streel Calgary T2H 2H8 Telex: 2367 GALGUA CR Tel: II 9340 Tel: (060lt) 5004 I 
Telex: 04 13249 hpffm d Blackburn, 3130 Tel: (403) 253-2713 CYPRUS FINLAND 
Hewlett-Packard GmbH Tel: 89-6351 TWX: 610-821-614 I Kypronics Hewlett-Packard Oy 
Technisches aUro Bt5blingen Telex: 31024 MELB BRITISH COLUMBIA 19 Gregorios Xenopoulos Revontulenlie, 7 
Herrenberger Strasse 110 WESTERN AUSTRALIA Hewlett-Packard (Canada) Lid. Streel SF-02100 Eapoo 10 
0-7030 B~bllngen, Hewleli-Packard Auslralia Ply. 10691 Shellbridge Way P.O. Box 1152 Tel: (90)455 021 I 
WUrttemberg Lid. Richmond V6X 2W7 Nlcolla Telex: 121583 hewpa sl 
Tel: (07031)667-1 14 I Stirling Highway Tel: (604) 270-2277 Tel: 45628/29 

FRANCE Telex: 07265739 bbn N.dlanda, 6009 TWX: 6 I 0-925-5059 Telex: 3018 
Hewlett-Packard France Hewleli-Packard GmbH Tel: 3865455 

MANITOBA CZECHOSLOVAKIA Zone d'activiles de Technisches BUro OUsseldort Telex: 93859 
Hewlett-Packard (Canada) Lid. Hewlett-Packard Courlaboeuf Emanuel-LeulZe-Slr, I AUSTRIA 380-550 Cenlury SI. Obchodni zastupitelstvi v CSSR Avenue des Tropiques (Seeslern) Hewlelt-Packard G~s,m.b.H. St. Jam •• , Pisemny styk Bolle Postale 6 0-4000 DU .. eldorl Wehlistrasse 29 Winnipeg R3H OY I Post. schranka 27 91401 Or •• y-C6dex Tel: (0211) 5971-1 P.O, Box 7 Tel: (204) 786-6701 CS 11801 Praha 01 I Tel: II) 907 78 25 Telex: OB5/86 533 hpdd d A- 1205 VI.nna TWX: 610-671-3531 CSSA TWX: 600048F 

Hewlelt-Packard GmbH Tel: 35- 16-21-0 
NOVA SCOTIA Vyvojova a Provozni Zakladna Hewlelt-Packard France T echnisches BUro Hamburg T.~" 135821135066 
Hewlelt-Packard (Caneda) Lid. Vyzkumnych Ustavu v Chemin des Mouilles Kapsladlrlng 5 HelltleH·Packard Ges.m.b.H. P.O. Box 931 Bechovicich 8.P.I62 0-2000 Hamburg 60 Weh1181r88se, 29 800 Windmill Aoad CSSR-25097 Bechovlce u 69130 EcuUy Tel: (040) 63B04- I A·I205 WI.n Dartmouth B3B tL I Prahy Tel: (78)33 81 25 Telex: 2 I 63 032 hphh d 1.,: 35- 16-21 Tel: (902) 469-7820 Tel: 89 93 41 TWX: 310617F 

1 elex: 135066 TWX: 610-27 I -4482 Telex: 12133 
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Hewlett·Packard GmbH Calcutta 700 00 I ISRAEL Yokogawa·Hewlel1-Packard MOROCCO 
Techni$ches BUro Hannover Tel: 23·0131 Electronics Engineering Div. Lid. Dolbaau 
Am Grossmarkl 6 Telex: 021-7655 of Maloro'a Israel lid, Inoue Building 81 rue Karalchi 
0·3000 Hannover 9 I Blue Slar Lid. 16, Kremenelski Street 1348·3, Asahi-cho, 1·chome C •• ablanca 
Tel: (05111466001 Bhandari House P.O. Box 25016 Ataugl, Kanagawa 243 Tel: 304 I 82 
Telex: 0923259 91 Nehru Place Tel~Aylv Tel: 0462·24·0452 Telex: 23051/22822 
Hewlett·Packard GmbH Naw Dalhl 110024 Tel: 38973 Yokogawa-Hewlett·Packard Gerep 
Technisches BUro NUrnberg Tel: 682547 Telex: 33569, 34164 Lid. 2, rue d'Agadir 
Neumeyerstrasse 90 Telex: 031-2463 ITALY Kumagaya Asahi Baile Po,lal 156 
D·85oo NUrnbarg Blue Slar Lid. Hewlett·Packard Italiana S.p.A. Hachijuni Building C •• ablenc. 
Tel: (09111522083 T.C. 7/603 'Poornime' Via G. Oi Vittorio, 9 41h Floor Tel: 272093/5 
Telex: 0623 860 Marulhankuzhi 20063 Cornuaco Sui H. Tsukuba Telex: 23 739 

Trlvandrum 695 0 I 3 Navlglto (Mil Kumagaya, Sailama 360 
MOZAMBIOUE Hewlett·Packard GmbH Tel: 65799 Tel: (21903691 Tel: 0485·24·6563 

Techni.cheo BUro MUnchen Telex: 334632 HEWPACKIT A.N. Goncalves, Ltd. 
Telex: 0884-259 JORDAN 162, l' Api. 14 Av. D. Luis Eschenslra"e 5 
Blue Star Lid. Hewlelt·Packard Italiana S.p.A. Mouasher Cousins Co. Calxa Postal 107 D·8021 Taulklrchen 
I I Magarath Road Via Turazza, 14 P.O. Box 1387 Maputo Tel: (08916117·1 Bangalor. 560 025 35100 Padova Amman Tel: 27091, 27114 Telex: 0524985 
Tel: 55668 Tel: (491664888 Tel: 24907/39907 Telex: 6·203 NEGON Mo 

Hewlett·Packard GmbH Telex: 0845·430 Telex: 430315 HEWPACKI Telex: SABCO JO 1456 
Technisches BUro BerHn Hewlett·Packard Italiana S.p.A. 

NETHERLANDS 

Kailhstrasse 2-4 Blue Star Ltd. KENYA Hewlett·Packard Benelux N.V. 
Meeakshi Mandlram Via G. Armellini 10 ADCOM Lid., Inc. D· 1000 Btrltn 30 Van Heuven Goedhartlaan 121 
XXXXVI1379·2 Mahalma 1·00143 Roma P.O. Box 30070 Tel: (030124 90 86 P.O. Box 667 

Telex: 0183405 hpbln d Gandhi Rd. Tel: (061 54 69 6 I Nairobi 11 8 I KK Amatolv •• n 
Cochln 682 016 Telex: 610514 Tel: 331955 Tel: (20147 20 21 

GREECE Tel: 32069 Hewlett·Packard Italiana S.p,A. Telex: 22639 Telex: 13216 
Kostas Karayannls Tetex: 085·514 Corso Giovanni Lanza 94 Medical Only NEW ZEALAND 8 Omlrou Streel Blue Slar Ltd. 1·10133 Torino International Aeradio (E.A.) Lid. 
Athena 133 1·1·11711 Sarojinl Devi Road Tel: (0111659308 P.O. Box 19012 

Hewlelt·Packard (N.Z.I Ltd. 
Tel: 32 30 303/32/37731 Sacundorobad 500 033 Telex: 221079 Nairobi Airport 

4·12 Cruickshank Sireet 
Telex: 2 I 59 62 RKAR GR Kilbirnie, Wellington 3 

Tel: 70126 Hewlett·Packard Italiana S,p,A. Nairobi P.O. Box 9443 
GUAM Telex: 0155·459 Via Principe Nicola 43 GlC Tel: 336055/56 Courtney Place 
Guam Mellcal Supply, Inc. Blue Star Ltd. 1·95126 Catania Telex: 22201122301 Wellington 
Suite C, Airport Plaza 133 Kodambakkam High Road Tel: (095137 05 04 Medical Only Tel: 877·199 
P.O. Box 8947 Madra. 600 034 Telex: 970291 International Aeradio (E.A.) ltd. Hewlelt·Packard (N.Z.I Ltd. 
Tamunlng 9691 I Tel: 82057 Hewlelt·Packard Ita~ana S.p.A. P.O. Box 95221 P.O. Box 26·189 
Tel: 646·4513 Tele" 041·379 Via Nuova san Rocco A Mombas. 169 Manukau Road 
GUATEMALA ICELAND Capadimonte,62A KOREA Epsom, Auckland 
IPESA Medical Only 80131 Napott Samsung Electronics Co., ltd. Tel: 687·159 
Avenida Reforma 3-48 Eldlng Trading Company Inc. Tel: (0811710698 4759 Shingil·6·Dong Analytical/Medical Onty 
Zona 9 Hafnarnvoli • Tryggvagolu Hewlett·Packard lIaliana S.p.A. Yeong Deung POU Northrop Instruments & 
Guatemala City P.O. Box 895 Via Marlin Luther King, 381 I I I Seoul Systems Lid., 
Tel: 316627, 314786, IS-ReykJavik 1·40132 Bolovna Tel: 833·4122, 4121 , Slurdee House 

66471·5, ext. 9 Tel: I 58 2011 6303 Tel: 10511402394 Telex: SAMSAN 27364 85-87 Ghuznee Street 
TeleX: 4192 Telelro Gu INDONESIA 

Telex: 5 11630 
KUWAIT P.O. Box 2406 

HONG KONG BERCA indonesia P.T. JAPAN AI·Kh.ldiya Trading & Wellington 

Hewlelt-Packard Hong Kong P.O. Sox 496/Jkt. Yokogawa·Hewlett·Packard Contracting Tel: 850·09 I 
Lid. Jln. Abdul Muis 62 Ltd. P.O. Box 830·Salal Telex: NZ 31291 

11th Floor, Four Seas Bldg. Jakarta 29·21, Takaido·Hlgashi Kuwait Northrup Instruments & 
212 Nathan Rd. Tel: 349255, 349886 3·chome Tel: 42 4910/41 1726 Syslems Lid. 
Kowloon Telex: 46748 BERSIL IA Suginami·ku, Tokyo 168 Telex: 2481 Areeg kl Eden House, 44 Khyber Pass 
Tel: 3·697446 (5 linesl Tel: 03·331-611 I 

LUXEMBURG Rd. 
Telex: 36678 HX BEReA Indonesia P.T. Telex: 232·2024 YHp· Tokyo P.O. Box 9682, Newmarket 

P.O. Box 174/Sby. 
Yokogawa·Hewlell·Packard 

Hewlett-Packard Beneluz 
Auckland 1 Medic.VAnalytical Only 23 Jln. JimeNo S.A.lN.V. 

Schmidl & Co. (Hong Kongl Surabaya Ltd. Avenue du Col· Vert, I Tel: 794·091 
Ltd. Tel: 42027 Chuo Bldg .. 4th Floor (Groenkraaglaanl Northrup Instruments & 

Wing On Cenlre, 281h Floor 4·20, NishlnakaJima 5·chome B· 11 70 Bru .. ol. Systems Lid. 
Connaughl Road, C. IRELAND Yodogawa·ku, Osaka·shi Tel: (021660 5050 Terrace House, 4 Oxford 
Hong Kong Hewlell·Packard Lid. Oaaka, 532 Telex: 23 494 Terrace 
Tel: 5·455644 Kestrel House Tel: 06·304·6021 P.O. Box 8388 
Telex: 74766 SCHMX HX Clanwilliam Place Telex: 523·3624 MALAYSIA Christchurch 

lower Mount Sireet Yokogawa·Hewlell·Packard Hewlelt-Packard Sales Tel: 64·165 INDIA (Malayslal Sdn. Bhd. 
Blue Slar Lid. Dublin 2, Eire Ltd. NIGERtA 

Sunllomo Seimei Nagaya Bldg. Suile 2.2112.22 
Sahas Hewlell·Packard Lid. Bangunan Angkasa Raya The Electronics 
41412 Vir Savarkar Marg 2C Avongberg Ind. Est. I 1·2 Shimosa •• jlma·cho, 

Jalan Ampang Instrumentations ltd, 
Prabhadevi Long Mile Road Nakamura·ku, Nagoya, 450 

Kuala Lumpur N6B/770 Oyo Road 
Bombay 400 025 Dublin 12 Tel: 052 571·5171 

Tel: 483680, 485653 Oluseun House 
Tel: 45 7887 Tel: 514322/514224 Yokogawa·Hewlell·Packard 

Protei Engineering P.M.B.5402 
Telex: 011-4093 Telex: 30439 Lid. Ibadan 

Medical Only Tanigawa Building P.O. Box le17 Tel: 461577 Blue Slar Lid. Lot 259, Salak Road 
Band Box House Cardiac Services (Ireland) ltd, 2·24· I Touruya·cho 

Kuching, Sar,wek Telex: 31231 TElL NG 
Prabhadevi Kilmore Road Kanagawa-ku 

Tel: 53544 The ElectroniCs 
Bombay 400 025 Arlane Yokohama. 221 Instrumentations lid. 
Tel: 45 7301 Dublin 5, Eire Tel: 045·312·1252 MEXICO 

144 Agege Motor Road, Mushin 
Telex: 011·3751 Tel: (011315820 Telex: 382·3204 YHP YOK Hewlett-Packard Mexicans, 

P.O. Box 481 S.A. de C.V. 
Blue Star Ltd. Medical Only Yokogawa-Hewletl-Packard Av. Perlf6rico Sur No. 6501 Mushin, Lagol 

Bhavdeep Cardiac Services Co. Ltd. Tepepan, Xochlmilco NORWAY 
Stadi"" Road 95A Finaghy Rd. South Mito Mitsui Building Mexico 23, D.F. Hewlell·Packard Norge AlS 
Ahmedabad 380 014 Belfast BTtO DBY 105, 1-chome, San-no-maru Tel: 805·676·4600 Oslendalen 18 
T~: 43922 GB·NoNhern Ireland Milo, Ibaragi 310 Telex: D17-74·507 P.O. Box 34 
Telex: 012·234 Tel: (02321 625566 Tel: 0292·25·7470 

Hewlett-Packard Mexicans, 1345 Oatera •• 

Blue Star Lid. Telex: 747626 
SA de C.V. T,I: (0211711 80 

7 Hare Street Rio Volga #600 Telex: 16621 hpnas n 

Col. Del Valle 
Monterrey, N.l. 
Tel: 78·32·10 

476 



Hewlen·Plckard Norge AlS QATAR Hewlen· Packard Espanola S.A. Taipei Hewlett-Packard lid. 
Nygaardsgalen I 14 Nasser Tradllg & Conlracling 
P.O. Bo.4210 

fdilicio Albia 117° B Tel: (02) 751·04041151inesl FOlJ'ier House, 
P.O. Bo. 1563 E·Bllbao I 

5013 Nygaardsgalen, Doha Tel: 23 83 06123 82 06 
Hewlell·Packard Far Easl Lid. 257·263 High Slreel 

Bargln Tel: 22170 
Taiwan Branch london Colney 

Tel: 1051 2 I 97 33 Tele.: 4439 NASSER 
Hewlell·Packard Espanola S.A. 68·2, Chung Cheng 3rd. Road St. Albans, Herls 

PANAMA 
GlRamon Gordillo 1 Kaohllung GB·England 

ROMANIA IEnlla·1 Tel: (07) 242318·Kaohsilllg Tel: 10727124400 

Electr6nlco Bllboa, S.A. Hewlell·Packard E-Va.encla 10 Tele.: 1·8952716 

Aparolado 4929 Reprezentanta Tel: 96·361.13.54/361.13.58 
Analylical Only 

Hewlell·Packard Lid. 

Panama 5 8d.n. Balcescu 16 
San Kwang Instruments Co .• 

Galla Samuel Lewis Bueur •• tl 
SRI LANKA Lid. Trafalgar House 

Edillcio "Afta,. No.2 Tel: 1580 23/13 88 85 
Melropolilan AgencieS Lid. 20 Yung Sui Road Navigation Road 

Cludad dl Panama Tele.: 10440 
209/9 Union Place Talpal Altrlncham 

Tel: 64-2700 
Colombo 2 Tel: 3615446·914Iinesl Cheshire WA 14 INU 

Tele.: 3483103 Curundu, 
SAUDI ARABIA Tel: 35947 Tele.: 22894 SANKWANG GB·Engiand 

Canal Zone 
Modern Electronic Tele.: 1377METROLTO CE TANZANIA 

Tel: (061) 928 6422 

EslablishmenllHead Officel SUDAN Medical Only 
Tele.: 668068 

PIRU P.O. Bo, 1228, Baghdadiah 
Companla Eleclro MAdica S.A. 

Radlson Trade International Aeradio (EAI,lId. 
Hewlett-Packard Ltd. 

Street Lygon Coun 

Los Flamencos 145 Jeddah 
P.O. Bo, 921 P.O. 80' 861 

San Isidro Casillo 1030 Tel: 27 798 
Khartoum Dar 8. Salaam 

Hereward Rise 

Lima I Telex: 40035 
Tel: 44048 Tel: 21251 E,1. 265 

Dudley Road 

Tal: 41·4325 Gable: ELECTA JEOOAH 
Telex: 375 Telex: 41030 

Hal •• owen, 
Wesl Midlands, B62 8S0 

Telex: Pub, BOOlh 25424 Modern Electronic 
SURINAM THAILAND GB·England 

SlSIORO EslablishmenllBranchl 
Surlel Radio Holland N.V. UNIMESA Co. Lid. Tel: (0211501 1221 

PAKISTAN P.O. Bo, 2728 
GrOle Holslr. 3·5 Elcom Research BuHding Telex: 339105 

MuShko & Company lid. Riyadh P.O. Bo, 155 2538 Sukumvil Ave. Hewlell·Packard Lid. 

Cosman Chambers Tel: 62596166232 
Paramaribo Bangchak, Bangkok Wedge House 

Abdullah Heroon Road Telex: 202049 
Tel: 72118, 77880 Tel: 39·32·387, 39·30·338 799, London Road 

Karachl·3 Modern Eleclronic SWEDEN TRINIDAD & Thornton Heath 

Tel: 511027, 512927 Eslablishmenl (Branchl Hewlell·Packard Sverige AB TOBAGO SUrrey, CR4 6XL 

Tolex: 2894 P.O. Bo, 193 Enighelsvlgen 3, Fack CARTEL GB·Engiand 

Mushko & Company, Lid. A~Khobar 
S·I61 Bromma 20 Caribbean Telecoms ltd. Tel: (011684·0103/8 

10, Bazar Rd. Tel: 44678·44813 Tel: (081730 05 50 P.O. Bo, 732 Telex: 946825 

Seclor G·614 Telex: 670136 Telex: 10721 69 Frederick Street Hewleli·Packard Lid. 

lalamabad Gable: ELECTA AL·KHOBAR Cable: MEASUREMENTS Port·ol·Spaln 14 We~ey SI 

Tel: 28264 SINGAPORE 
Siockholm Tel: 62·53068 Caatleford 

PHILIPPINES Hewlett·Packard Singapore 
Hewleli·Packard Sverige AB TUNISIA Yorks WF 10 1AE 

The Onine Advanced Syslems (Ple.1 Lid. 
Fr61a11sgalan 30 Tunisie Electronique Tel: (0977) 550016 

CorpOration 61h Floor, Inchcape House 
S-421 32 vastra 31 Avenue de la Liberle TWX: 5557335 

Rico House 450·452 AIe,andra Road 
FrOlunda Tunis Hewlell·Packard Lid. 

Amorsolo cor. Herrera Str. P.O. Bo, 58 
Tel: (031149 09 50 Tel: 280 144 Tradax House 

Legaspi Village, Makali Alexandra POSI Office 
Telex: 10721 via Bromma Corema SI. Mary's Walk 

P.O. Bo, 1510 Singapore 91 15 
office 1 ler. Av. de Canhage Maidenhead 

Metro Manila Tel: 631788 SWITZERLAND Tunl. Berkshire, SL6 1ST 

Tel: 85·35·81, 85-34·91, Telex: HPSG RS 21486 Hewlett·Packard (Schwezl AG Tel: 253 821 GB·England 

85·32·21 SOUTH AFRICA 
ZUrcherstrasse 20 Telex: 12319 CABAM TN Hewlett·Packard Lid. 

Telex: 3274 ONLINE Hewlett-Packard South Africa 
P.O. Bo. 307 TURKEY 

Mo~ey Road 

RHODESIA (PlY.I, Lid. 
CH·8952 Schllere .. TEKNIM Company Lid. Staplehiff 

Field TecMicai Sales Private Bag Wendywood, 
ZUrich Aiza Soh Pohievi 

8risl0l, BS 16 40T 

45 Kelvin Road Nonh Sandlon, Transvaal, 2144 
Tel: (011 7305240 Gaddesl No. 7 

GB·England 

P.O. Bo, 3458 Hewlett-Packard Centre 
Telex: 53933 hpag ch KavakUdere, Ankara Howleli·Packard Lid. 

Sansbury Daphne Slreel, Wendywood, 
Gable: HPAG CH Tel: 275800 South Que.naferry 

Tel: 705231 (5 .... sl Sandton, 2144 Hewlett·Packard (Schweizl AG Telex: 42155 \ Wesl Lolhian, EH30 9TG 

Telex: RH 4122 Tel: 802·5111125 CllAleau Bloc 19 Teknim Com., ltd. 
GB·Scolland 

POLAND 
Telex: 8·4782 CH·1219 Le Llgnon· Barbaros Bulvari 55/12 

Tel: (031) 331 1188 

L Buo Inlormacji T echnicznej Hewleli·Packard Soulh Africa 
Geneva Besikyas, latanbul 

Telex: 72682 

Hewlett-Packard (Ply.l, Lid. 
Tel: (022196 03 22 Tel: 613 546 UNITED STATES 

UI Slawki 2, 6P P.O. Bo, 120 
Telex: 27333 hpag ch Telex: 23540 ALABAMA 

PLOO·950 Warozawa Howard Place, 
Cable: HEWPACKAG Geneva 

Tel: 39 59 62,3951 87 Gape Province, 7450 SYRIA 
E.M.A. 700 Cenlury Park -, 
Muhendisli< Kollekl~ Sirkeli Suile 128 

Telex: 81 24 53 Pine Pari< Centre, Forest Drive, General Electronic Inc. Mediha Eidem Sokak 4116 Blrmlnaham 35226 
Plnelanda, N.-i Basha·Ahnal Ebn Kays YUksel Caddesi Tel: (2051 822·8802 

PORTUGAL 
Teleclra·Empresa nCnica de 

Cape PrOVince, 7405 Sireel Ankara 
Tel: 53·795511vu 9 P.O. Bo, 5781 

P.O. Bo, 4207 

Equipamenlos EI6Clricos Telex: 57·0006 Dam.acul 
Tel: 17 56 22 8290 Whllesburg Dr. 

S.a.r.1. SPAIN T~I: 33 24 87 
Yilmaz Ozyurek Huntsville 35802 

Rua Rodrigo do Fonseca 103 Hewlett-Packard Espanola, Telex: 112151TIKAL 
Milli Mudalaa Cad 1616 Tel: (2051881·4591 

P.O. Bo, 2531 
Kizilay 

P·Llobon 1 
S.A. Cable: ELECTROBOR ARIZONA 

Calle Jerez 3 DAMASCUS 
Ankara 2336 E. Magnolia SI. 

Tel: (19168 60 72 
Tel: 25 03 09 • 17 80 26 

Telex: 12598 
E·Madrld 16 Medical only Telex: 42576 OZEK TR 

Phoenix 85034 

Medical Only 
Tel: (114582600 (10 linesl Sawah & Co. 

Tel: 16021273·8000 

Mundinter 
Telex: 23515 hpe Place AlmA UNITED ARAB 2424 Easl Aragon Rd. 

Inlercarnbio Mundial de 
Hewlell·Packard Espanola S.A. B.P.2308 EMIRATES Tucoon 85706 

C0rn6rcio S.a.r.l. 
Colonia Mirasierra Damaacua Emilac Lid. (Head Officel Tel: (6021 273·8000 

Edificla Juban Tel: 16367·19697·14288 P.O. Bo, 1641 

P.O. Bo, 2761 clo Costa Brava, 13 Telex: 11304 SATACO SY Sharjah 'ARKANSAS 

Avenida Antonio Augusto Madrid 34 Cable: SAWAH, DAMASCUS Tel: 35412113 Medical Service Only 

de Aguiar 138 Telex: 8136 P_O. Bo, 5646 

P·L1lbon Hewleli·Packard Espanola, Suleiman Hilal EI Mlawi Brady Sialion 

Tel: 119153 213117 S.A. P.O. Bo' 2528 Emitac lid. (Branch Office) Lilli. Rock 72215 

Telex: 16691 munler p Milanesado 21·23 Mamoun Bilar Slr .. l, 56·58 P.O. Bo, 2711 Tel: (5011376·1844 

PUERTO RICO 
E·Sarcelona 17 Dam.Bcua Abu Dhabi 

Hewlell-Packard Inter· 
Tel: (31203 6200 (5 Hnesl Tel: 114663 Tel: 33137011 CALIFORNIA 

Americas 
Telex: 52603 hpbe e Telex: 11270 UNITED KINGDOM 

1579 W. Shaw Ave. 

Puerto Rico Branch Office Hewlell·Packard Espanola, 
Cable: HILAL DAMASCUS Hewleli·Packard Lid. 

Fr.sno 93771 

Calle 272, S.A. TAIWAN King" Street lane 
Tel: (2091224·0582 

#203 Urb. Counlry Club Av Rem6n y Cojal, 1 Hewlell·Packard Far Easl Lid. Wlnner.h, Wokingham 14JO Easl Orangelhorpe Ave. 

Carolina 00630 Edificio Sevilla, planta go Taiwan Branch Berkshire RG 11 5AR Fullarton 92631 

Tel: (8091762·7255 E·Sevllla 5 Bank Tower, 5th Floor GB·England Tel: 17141 870·1000 

Telex: 345 0514 Tel: 64 44 54/58 205 Till Hau Nonh Road Tel: (07341764774 
Telex: 84 71 7819 
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5400 West Rosecrans Btvd. ILLINOIS NEW MEXICO TENNESSEE YUGOSLAVIA 
P.O. 80' 92105 211 Prospecl Rd. P.O. 80' 11634 a906 Kingston Pike Iskra Commerce, n.sol.o. 
World Way Postal Center Bloomington 61701 Station E Knoxville 37919 Zaslopstvo Hewlett·Packard 
Los Angel.s 90009 Tel: 1309)663-0383 11300 Lomas 8Ivd., N.E. Tel: 1615)691-2371 Obilicev Venac 26 
Tel: 1213)970-7500 5201 Tollview Dr. Albuquerque 87123 3070 Directors Row YU 11000 Beograd 
TWX: 910-325-6608 Roiling Meadows Tel: (505)292-1330 Directors Square Tel: 636-955 

3939 Lankershim Boulevard 60008 TWX: 910-989-1185 Memphis 38131 Telex: 11530 

North HOllywood 91604 Tel: 1312)255-9800 156 Wyall Drive Tel: 1901) 346-8370 Iskra Commerce, n.sol.o 
Tel: (213)877-1282 TWX: 910-687-2260 Las Cruces 8800 1 "Nashville Zastopstvo Hewlett·Packard 
TWX: 910-499-2671 INDIANA Tel: 1505)526-2484 Medical Service Only Miklosiceva 381V1I 

3200 Hillview Av 7301 Norlh Shadeland Ave. TWX: 910-9983-0550 Tel: 1615)244-5448 YU-61000 Ljubljana 

Palo Alto, CA 94304 Indianapolis 46250 NEW YORK Tel: 321-674, 315-879 
TEXAS Telex: 31583 Tel: 1408)988-7000 Tel: 1317)842-1000 6 Automation lane 4171 North Mesa 

646 W. Norlh Markel 8lvd. TWX: 810-260-1797 Computer Park SuiteC110 URUGUAY 
Sacramento 95834 IOWA Albany 12205 EI Paso 79902 Pablo Ferrando S.A.C.el. 
Tel: 1916)929-7222 24 15 Heinz Road Tel: 1518)458-1550 Tel: 1915)533-3555 Avenida Italia 2877 
9606 Aero Drive Iowa City 52240 TWX: 710-444-4961 

P.O. 80' 42816 Casilla de Correo 370 
P.O. Bo, 23333 Tel: 1319)351-1020 650 Perinton Hill Office Park 10535 Harwin S1. Montevideo 
San Diego 92123 KENTUCKY 

Fairport 14450 Houston 77036 Tel: 40-3102 
Tel: (714) 279-3200 10170 linn Station Road 

Tel: 1716) 223-9950 Tel: 1713)776-6400 Telex: 702 Public Booth 
363 Brookhollow Dr. Suile 525 

TWX: 510-253-0092 
"Lubbock Para Pablo Ferrando 

Santa Ana, CA 92705 Louisville 40223 NO.1 Pennsylvania Plaza Medical Service Only VENEZUELA 
Tel: 1714)641-0977 Tel: 1502)426-0100 551h Floor Tel: 1806)799-4472 Hewletl·Packard de Venezuela 
3003 Scotl Boulevard 34th Street & 8th Avenue 

P.O. Bo, 1270 C.A. LOUISIANA New York 10001 Santa Clara 95050 P.O. Bo, 1449 Tel: 1212)971-0800 201 E. Arapaho Rd. P.O. Bo, 50933 
Tel: 1408)988-7000 3229-39 WliHams Boulevard Richardson 75081 Caracas 105 
TWX: 910-338-0518 Kenner 70062 

5858 Easl Molloy Road Tel: 1214)231-6101 Los Ruices Norte 

454 Carlton Court Tel: 1504)443-6201 
Syracuse 13211 

205 Billy Milchell Road 3a Transversal 
So. San Francisco 94080 Tel: 1315)455-2486 

San Antonio 78226 Edificio Segre 
Tel: 1415)877-0772 

MARYLAND 1 Crossways Park West Caracas 107 
7121 Standard Drive Woodbury 11797 

Tel: 1512)434-8241 
Tel: 239-4133120 lines) "Tarzana Parkway Industrial Center Tel: 1516)921-0300 UTAH Telex: 25146 HEWPACK Tel: 1213)705-3344 Hanover 21076 TWX: 510-221-2183 2160 Soulh 3270 Weol Sireel 

Tel: 1301)796-7700 ZAMBIA 
COLORADO Tel: 1513) 671-74DO Salt Lake City 84119 R.J. Tilbury IZambia) Lid. 
5600 DTC Parkway TWX: 710-862-1943 Tel: (801) 972-4711 

NORTH CAROLINA P.O. 80' 2792 
Englewood 80110 2 Choke Cherry Road 

5605 Roanne Way VIRGINIA Lusaka 
Tel: 1303)771-3455 Rockville 20850 Tel: 76793 

Tel: 1301) 948-6370 Greensboro 27409 P.O. Bo' 9669 
CONNECTICUT 

TWX: 710-828-9684 Tel: (919)852-1800 2914 Hungary Spring Road MEDITERRANEAN AND 
47 Barnes Induslrial Road 

OHIO Richmond 23228 MIDDLE EAST 
Barnes Park South MASSACHUSETTS Tel: 1804)285-3431 Medical/Computer Only COUNTRIES NOT 
Wallingford 06492 32 Hartwell Ave. 

SHOWN, PLEASE 
Tel: 1203)265-7801 Lexington 02173 9920 Carver Road Computer Systems/Medical 

Tel: 1617)861-8960 Cincinnati 45242 Only CONTACT: 
FLORIDA TWX: 710-326-6904 Tel: 1513)891-9870 Airport Executive Center Hewlett·Packard SA 
P.O. Bo, 24210 16500 Sprague Road Suile 302 Mediterranean and Middle East 
2727 N.W. 62nd Sireel MICHIGAN Cleveland 44130 5700 Thurston Avenue Operations 
Ft. Lauderdale 33309 23855 Research Drive Tel: 1216) 243-73DO Virginia Beach 23455 35, Kolokolroni Street 
Tel: 1305) 973-2600 Farmington Hills 48024 TWX: 810-423-9430 Tel: (804)460·2471 Platia Kefallariou 

4080 Woodcock Drive # 132 Tel: (313)476-6400 
962 Crupper Ave. WASHINGTON 

GR·Kifissia-Athenl, Greece 
724 West Centre Ave. Tel: 8080359/429 Brownetl Building Columbus 43229 Bellelield Office Pk. Telex: 21-6588 Jacksonville 32207 Kalamazoo 49002 Tel: (614)436-1041 1203 - 1141h Ave, S.E. 

Tel: 1904)398-0663 Tel: (616) 323-8362 Bellevue 98004 
Cable: HEWPACKSA Alhens 

P.O. 80' 13910 MINNESOTA 330 Progress Rd. Tel: 1206)454-3971 SOCIALIST 
6177 Lake Ellenor Dr. 

Dayton 45449 TWX: 910-443-2446 COUNTRIES NOT 2400 N. Prior Ave. Tel: 1513) 859-8202 
Orlando 32809 St. Paul 55113 P.O. 80x 4010 SHOWN, PLEASE 
Tel: 1305)859-2900 Tel: (612)636-0700 

OKLAHOMA Spokane 99202 CONTACT: 

P.O. 80' 12826 
P.O. Box 32008 Tel: 1509) 535·0864 Hewlett·Packard GeS.m.b,tl 

MISSISSIPPI 6301 N. Mendan Avenue Handelskai 52 
Suile 5, Bldg. 1 322 N. Mart Plaza Oklahoma City 73112 'WEST VIRGINIA P.O. Bo' 7 Office Park North Jackson 39206 Tel: (405)721-0200 Medical/Analytical Only A·120S Vienna, Austria Pensacola 32575 Tel: (601) 982-9363 9920 E. 42nd Sireel 4604 Mac Corkle Ave" S.E. Tel: 10222)35 1621 1027 Tel: 1904)476-8422 

Suite 121 Charl.ston 25304 Cable: HEWPAK Vienna 110 South Hoover Blvd. MISSOURI 
Suile 120 11131 Colorado Ave. Tulsa 74145 Tel: 1304) 925-0492 Tel,,: 75923 hewpak a 

Tampa 33609 Kansas City 64137 Tel: 1918)665-3300 WISCONSIN OTHER AREAS NOT 
Tel: 1813)872-0900 Tel: (816)763-8000 OREGON 150 Soulh Sunny Slope Road LISTED, CONTACT: 

TWX: 910-771-2087 17890 S.W. Lower Boones Brooklleld 53005 Hewlett·Packard 
GEORGIA Tel: 1414)784-8800 Intercontinental P.O. 80, W5005 1024 Executive Parkway Ferry Road 

450 Interstate North Parkway St. Louis 63141 Tualatin 97062 3495 Deer Creek Road 

Atlanta 30348 Tel: (314)878-0200 Tel: (503)620-3350 Palo Alto, California 94304 

Tel: 1404) 955-1500 NEBRASKA PENNSYLVANIA 
FOR U.S. AREAS Tel: 1415)856-1501 
NOT LISTED: TWX: 910-373·1267 

TWX: 810-766-4890 Medical Only 1021 8th Avenue Contact the regional office Cable: HEWPACK Palo Alto 
Medical Service Only 7101 Mercy Road King of Prussia Industrial Park nearest you: Tel,,: 034-8300, 034-8493 
• Augusta 30903 Suite 101 King 01 Prussia 19406 Atlanta, Georgia .. North 
Tel: 1404) 736-0592 Omaha 68106 Tel: (215)265-7000 Holly-wOOd, California. 

Hewlell-Packard SA 

P.O. 80' 2103 Tel: (402)392-0948 TWX: 510-660-2670 Rockville, Maryland 
7, rue du Bois·du·lan 
P.O. 80' 

1172 N. DaviS Drive NEVADA 111 Zeta Drive Roiling Meadows, Illinois. CH-1217 Meyrin 2 - Ganeva 
Warner Robins 31098 'Las Vegas Pittsburgh 15238 Their complele addresses Switzerland 
Tel: 1912) 922-0449 Tel: 1702)736-6610 Tel: 1412)782-0400 are listed above. Tel: 1022) 82 70 DO 
HAWAII NEW JERSEY SOUTH CAROLINA USSR Cable: HEWPACKSA Geneva 
2875 So. King Slreel Crystal Brook Professional P.O. Bo, 6442 Hewlell·Packard Tel" 22486 
Honolulu 96826 Building 6941-0 N. Trenholm Road Representative Office 

Tel: 1808) 955-4455 .Route 35 Columbia 29206 USSR 

Eatontown 07724 Tel: 1803)782-6493 Pokrovsky Boulevard 

Tel: 1201)542-1384 4117-kw 12 
Moscow 101000 

W. 120 Cenlury Rd. Tel: 294.20~4 
Paramus 07652 Telex: 7825 hewpak su 
Tel: 1201) 265-5000 'Servlce Only 
TWX: 710-990-4951 2-15-80 

478 
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For more information call your local HP Sales Office or East 301 948-
6370, Midwest 1312 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, 0-7030 Boeblingen, West Germany. 
In Japan, YHP, 3-29-21, Takaido-Higashi, Suginami-Ku, Tokyo 168. 
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