
























































































































































































































































































TABLE II, GROUP A 

Electrical Characteristics 
OVER RECOMMENDED TEMPERATURE (T A = -55°C TO +125°C) UNLESS OTHERWISE NOTED 

NOTES: 
1. Each channel. 
2. Measured between pins 1 through 8 shorted together and pins 9 

through 16 shorted together. 
3. Measured between pins 1 and 2 or 5 and 6 shorted together, and 

pins 9 through 16 shorted together. 
4. Measured between pins 1 and 2 shorted together, and pins 5 and 6 

shorted together. 
5. The tpLH propagation delay is measured from the 6.5mA point on 

the trailing edge of the input pulse to the 1.5V point on the trailing 
edge of the output pulse. 
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6. The tPHL propagation delay is measured from the 6.SmA point on 
the leading edge of the input pulse to the 1.5V pointon the leading 
edge of the output pulse. 

7. CMH is the max. tolerable common mode trar:asient to assure that 
the output will remain in a high logic state (i.e., Va> 2.0V). 

8. CML is the max. tolerable common mode transient to assure that 
the output will remain in a low logic state (i.e., Va < O.8V). 

9. It is essential that a bypass capacitor (.01 to O.ljiF. ceramic) be con· 
nected from pin 10 to pin 15. Total lead length between both ends of 
the capacitor and the isolator pins should not exceed 20mm. 
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High Reliability Test Program 
Hewlett Packard provides standard high reliability test pro­
grams, patterned after MIL-M-3851O in order to facilitate the 
use of HP products in military programs_ 

HP offers two levels of high reliability testing: 
• The TX prefix identifies a part which has been precondi­

tioned and screened per Table IV_ 

• The TXB prefix identifies a part which has been precondi­

tioned and screened per Table IV, and comes from a lot 
which has been subjected to the Group B tests detailed in 
Table V_ 

TABLE IV TX Preconditioning and Screening - 100% 

*Min/Max guaranteed parameters only. 

TABLE V, GROUP B 
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Part Number System 



Features 
• HIGH CURRENT TRANSFER RATIO - 800% TYPICAL 
• LOW INPUT CURRENT REQUIREMENT - 0.5mA 
• TTL COMPATIBLE OUTPUT - O.W VOL 
• 3000 Vdc INSULATION VOLTAGE 
• HIGH COMMON MODE REJECTION - 500V/J,ls 
• PERFORMANCE GUARANTEED OVER TEMPERATURE 

O°C to 70°C 
• BASE ACCESS ALLOWS GAIN BANDWIDTH 

ADJUSTMENT 
• HIGH OUTPUT CURRENT - 60mA 
• DC TO 1M bitls OPERATION 
• RECOGNIZED UNDER THE COMPONENT PROGRAM 

OF UNDERWRITERS LABORATORIES, INC. 
(FILE NO. E55361) 

Description 
The 5082-4370 series isolators use a Light Emitting Diode and 
an integrated high gain photon detector to provide 3000V dc 
electrical insulation, 500V /Ils common mode transient immu­
nity and extremely high current transfer ratio between input 
and output. Separate pins for the photodiode and output 
stage result in TTL compatible saturation voltages and high 
speed operation. Where desired the Vcc and Vo terminals 
may be tied together to achieve conventional photodarlington 
operation. A base access terminal allows a gain bandwidth 
adjustment to be made. 

The 5082-4371 is suitable for use in CMOS, L TTL or other 
low power applications. A 400% minimum current transfer 
ratio is guaranteed over a 0-70°C operating range for only 
0.5mA of LED current. 

The 5082-4370 is suitable for use mainly in TTL applications. 
Current Transfer Ratio is 300% minimum over 0-70°C for an 
LED current of 1.6mA [1 TTL unit load (U.L.)l. A 300% 
minimum CTR enables operation with 1 U.L. in, 1 U.L. out 
with a 2 . .2 kS1 pull-up resistor. 
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SCHEMATIC 

ANODE]' + 

VF ~ 

CATHODE -
3 

Applications 

Vee 
a 

Va 

6 
---<>vo 

5 
----() GND 

• Ground Isolate Most Logic Families - TTL/TTL, CMOS/ 
TTL, CMOS/CMOS, L TTL/TTL, CMOS/L TTL 

• Low Input Current Line Receiver - Long Line or Partyline 

• EIA RS-232C Line Receiver 

• Telephone Ring Detector 

• 117 V ac Line Voltage Status Indicator - Low I nput Power 
Dissipation 

• Low Power Systems - Ground Isolation 

Absolute Maximum Ratings 
Storage Temperature ............. -55°C to +125°C 
Operating Temperature. . . . . . . . . . . . . . .. O°C to +70°C 
Lead Solder Temperature ............ 260°C for 10 Sec 

(1/16" below seating plane) 
Average Input Current - IF ................ 20mA [1] 

Peak Input Current - IF .................... 40mA 
(50% duty cycle, 1 ms pulse width) 

Peak Transient Input Current - IF .............. 1.0A 
(";;; 11lsec pulse width, 300pps) 

Reverse Input Voltage - VR ................... 5V 
Input Power Dissipation. . . . . . . . . . . . . . . .. 35mW [2] 

Output Current - 10 (Pin 6) ......... . . . .. 60mA [3] 

Emitter-Base Reverse Voltage (Pin 5-7) ........... 0.5V 
Supply and Output Voltage - VCC (Pin 8-5). Vo (Pin 6-5) 

5082-4370 ......................... -0.5 to 7V 
5082-4371 ........................ -0.5 to 18V 

Output Power Dissipation ............... , 100mW [4] 

See notes, page 2. 



Electrical Specifications 
OVER RECOMMENDED TEMPERATURE (TA = O°C to 70°Cl, UNLESS OTHERWISE SPECIFIED 

'All typicals at TA = 25°C and VCC = 5V, unless otherwise noted. 

Switching Specifications 
AT TA= 25°C 

NOTES: 

1. Derate linearly above 50°C freeMair temperature at a rate of 0.4 mAt c. 
2. Derate linearly above 50' C free-air temperature at a rate of 0.7 mW/' C. 
3. Derate linearly above 25°C free-air temperature at a rate of 0.7mA/'C. 
4. Derate linearly above 25°C free-air temperature at a rate of 2.0mW/'C. 
5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current, 10, to the forward LED input current, I F, times 100%. 
6. Pin 7 Open. 
7. Device considered a two-terminal device: Pins 1, 2, 3, and 4 shorted together and Pins 5, 6, 7, and 8 shorted together. 
8. Use of a resistor between pin 5 and 7 will decrease gain and delay time. See Application Note 951-1 for more details. 
9. Common mode transient immunity in Logic High level is the maximum tolerable (positive) dV cmldt on the leading edge of the common mode 

pulse, Vcm, to assure that the output will remain in a Logic High state (j.e., Va> 2.0V). Common mode transient immunity in Logic Low level 
is the maximum tolerable (negative) dVcm/dt on the trailing edge of the common mode pulse signal, Vern, to assure that the output will remain 
in a Logic Low state (i.e., Va < 0.8V). 
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Figure 1. 5082·4371 DC Transfer Characteristics. 
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Figure 5. 5082-4371 Output Current vs. Input Diode 
Forward Current. 
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Figure 2. 5082·4370 DC Transfer Characteristics. 
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Features 
• HIGH SENSITIVITY (NEP<-108 dBm) 
• WIDE DYNAMIC RANGE (1% LINEARITY 

OVER 100 dB) 
• BROAD SPECTRAL RESPONSE 
• HIGH SPEED (Tr. Tf.<1ns) 
• STABILITY SUITABLE FOR PHOTOMETRY/ 

RADIOMETRY 
• HIGH RELIABILITY 
• FLOATING. SHIELDED CONSTRUCTION 
• LOW CAPACITANCE 
• LOW NOISE 

Description 
The HP silicon planar PIN photodiodes are ultra-fast light 
detectors for visible and near infrared radiation. Their 
response to blue and violet is unusually good for low dark 
current silicon photodiodes. 

These devices are suitable for applications such as high 
speed tachometry, optical distance measurement, star 
tracking, densitometry, radiometry, and fiber-optic 
termination. 

The speed of response of these detectors is less than one 
nanosecond. Laser pulses shorter than 0.1 nanosecond 
may be observed. The frequency response extends from 
dc to 1 GHz. 

The low dark current of these planar diodes enables 
detection of very low light levels. The quantum detection 
efficiency is constant over ten decades of light intensity, 
providing a wide dynamic range. 

package Dimensions 

,4203. -4204. -4207 -4205 
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TECHNICAL DATA APRIL 1976 

Active area: 1. mm Dlam. 5082-420ij-- TALL SIZE 
{

5082-4203 
0.5mm Dlam 5082-4204 ITO-l 8) 

5082-4220 - Short (T0-46) 
0.25mm Magnified 2.5x 5082-4205 - Subminiature 

The 5082-4203, -4204, and -4207 are packaged on a 
standard TO-18 header with a flat glass window cap. For 
versatility of circuit connection, they are electrically 
insulated from the header. The light sensitve area of the 
5082-4203 and -4204 is 0.508mm (0.020 inch) in diameter 
and is located 1.905mm (0.075 inch) behind the window. 
The light sensitive area of the 5082-4207 is 1.016mm (0.040 
inch) in diameter and is also located 1.905mm (0.075 inch) 
behind the window. 

The 5082-4205 is in a low capacitance Kovar and ceramic 
package of very small dimensions, with a hemispherical 
glass lens. 

The 5082-4220 is packaged on a TO-46 header with the 
0.508mm(0.020 inch) diameter sensitive area located 
2.540mm (0.100 inch) behind a flat glass window. 

DIMENSIONS IN MILLIMETERS (INCHES). 

-4220 

c 

c 

--~------.------



Absolute Maximum Ratings 

Electrical/Optical Characteristics at TA =25°C 

·see Note 4. 

NOTES: 

1. Peak Pulse Power 
1000A Ip(avg) 

ip(PEAK)\ (Ilsec) or Ip <500mA or Ip(PEAK) <~ 
When exposing the diode to high level incidance the 
following photocurrent limits must be observed: whichever of the above three conditions is least. 

PMAX-Pq, . .. 
Ip (avg) <~-E-c~-; and In addition: Ip - photocurrent (A) 

Ec - supply voltage (V) 
t - pulse duration (IlS) 

f - pulse repetion rate (M Hz) 

p ¢ - power input via photon flux 

PMAX - max dissipation (W) 

Power dissipation limits apply to the sum of both the optical power input to the device and the electrical power input from flow 
of photocurrent when reverse voltage is applied. 

2. Exceeding the Peak Reverse Voltage will cause permanent damage to the diode. Forward current is harmless to the diode, within 
the power dissipation 'limit. For optimum performance, the diode should be reversed biased with Ec between 5 and 20 volts. 

3. Exceeding the Steady Reverse Voltage may impair the low·noise properties of the photodiodes, an effect which is noticeable only 
if operation is diode-noise limited (see Figure 8). 

4. The 5082-4205 has a lens with approximately 2.5x magnification; the actual junction area is 0.5 x 10-3 cm2, corresponding to a 
diameter of 0.25mm (,010"). Specification includes lens effett. 

5. At any particular wavelength and for the flux in a small spot falling entirely within the active area, responsivity is the ratio of incremental 
photodiode current to the incremental flux producing it. It is related to quantum efficiency, l1q in electrons per photon by: 

R~r) (_A_) 
q 1240 

where /I.. is the wavelength in nanometers .. Thus, at 770nm, a responsivity of 0.5 A/W corresponds to a quantum efficiency of 0.81 (or 8l%) 
electrons per photon. 

6. At -1 OV for the 5082-4204, -4205, and -4207; at -25V for the 5082-4203 and -4220. 
7. For (A, f, At) ~ (770nm, 1 DOHz, 6Hz) where f is the frequency for a spot noise measurement and At is the noise bandwidth, NEP is the 

optical flux required for unity signal/noise ratio normalized for bandwidth. Thus: 

I N/'v"'M 
NEP~-R- where IN/'v"'M is the bandwidth - normalized noise current computed from the shot noise formula: 

IN/-J/IT ~.J2CiID ~ 17.9 x 10-15 v'iD (A/y'i1z) where ID is in nA. 

8. Detectivity, O*is the active-area-normalized signal to noise ratio. It is computed: for A in cm2, 
for (A, f, Ll.f) ~ (770nm, 100Hz, 6Hz). 

9. At -1 OV for 5082-4204, -4205, -4207, -4220; at -25V for 5082-4203. 
10. Between diode cathode lead and case - does not apply to 5082-4205, -4220. 
11. With 50n load. 
12. With 50n load and -20V bias. 
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Figure 1. Spectral Response. 
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Figure 4. Dark Current at -10V Bias 
vs. Temperature. 
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Figure 7. Photodiode Cut-Off Frequency 
vs. Load Resistance (C = 2pF). 

Figure 2. Relative Directional Sensitivity 
of the PI N Pbotodiodes. 
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VR - REVERSE VOLTAGE - V 

Figure 5. Typical CapaCitance Variation 
With Applied Voltage. 

BIAS VOLTAGE (ANODE TO CATHODE VOLTAGE) 

Figure 3. Typical Output Characteristics 
at A = 900nm. 

RL - LOAD RESISTANCE - OHMS 

Figure 6. Noise vs. Load Resistance. 

RL - LOAD RESISTANCE ---OHMS 

Figure 8. Noise Equivalent Power vs. Load Resistance. 

IS = Signal current,., 0.5JlA/JlW x P input 
IN = Shot no ise current 

<1.2 x 10-14 amps/Hz1/2(5082-4204) 
<4 x 10-14 amps/Hz1/2(5082-4207) 

I D= Dark current 
<600 x 10-12 amps at -10 V de (5082-4204) 
<2500 x 10-12 amps at -10 Vdc (5082-4207) 

Rp=1011n 
Figure 9. Photodiode Equivalent Circuit. RS= <50n 
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Application Information 
NOISE FREE PROPERTIES 

The noise current of the PIN diodes is negligible. This is a 
direct result of the exceptionally low leakage current, in 
accordance with the shot noise formula IN = (2qIR~f) 1/2. 

Since the leakage current does not exceed 600 picoamps 
for the 5082-4204 at a reverse bias of 10 volts, shot noise 
current is less than 1.4 x 10-14 amp Hz- 1/2 at this voltage. 

Excess noise is also very low, appearing only at 
frequencies below 10 Hz, and varying approximately as 
1ff. When the output of the diode is observed in a load. 
thermal noise of the load resistance (RLl is 1.28 x 10-10 

(RLl- 1/2 x (M) 1/2 at 25° C, and far exceeds the diode shot 
noise for load resistance less than 100 megohms (see 
Figure 6). Thus in high frequency operation where low 
values of load resistance are required for high cut-off 
frequency, all PIN photodiodes contribute virtually no 
noise to the system (see Figures 6 and 7). 

HIGH SPEED PROPERTIES 

Ultra-fast o,peration is possible because the HP PIN 
photodiodes are capable of a response time less than one 
nanosecond. A significant advantage of this device is that 
the speed of response is exhibited at relatively low reverse 
bias (-10 to -20 volts). 

OFF-AXIS INCIDENCE RESPONSE 

Response of the photodiodes to a uniform field of radiant 
incidence Ee, parallel to the polar axis is given by I = (RA) x 
Ee for 770nm. The response from a field not parallel to the 
axis can be found by multiplying (RA) by a normalizing 
factor obtained from the radiation pattern at the angle of 
operation. For example, the multiplying factor for the 
5082-4207 with incidence Ee at an angle of 40° from the 
polar axis is 0.8. If Ee = 1 mWfcm 2 , then Ip = k x (RA) x Ee; 
Ip = 0.8 x 4.0 x 1 = 3.2 !Lamps. 

SPECTRAL RESPONSE 

To obtain the response at a wavelength other than 770nm, 
the relative spectral response must be considered. 
Referring to the spectral response curve, Figure 1, obtain 
response, X, at the wavelength desired. Then the ratio of 
the response at the desired wavelength to response at 
770nm is given by: 

RATIO = ~ 
0.5 

Multiplying this ratio by the incidence response at 770nm 
gives the incidence response at the desired wavelength. 

ULTRAVIOLET RESPONSE 

Under reverse bias, a region around the outside edge of 
the nominal active area becomes responsive. The width of 
this annular ring is approximately 25!Lm (0.001 inch) at 
-20V, and expands with higher reverse voltage. Respons­
ivity in this edge region is higher than in the interior, 
particularly at shorter wavelengths; at 400nm the interior, 
responsivity is 0.1 A/W while edge responsivity is 0.35 
AfW. At wavelengths shorter than 400nm, attenuation by 
the glass window affects response adversely; hence UV 
detection is improved by removal of the glass or 
substitution of a sapphire window (available on special 
order). Speed of response for edge incidence is tr , tf = 
300ns. 
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5082-4205 MOUNTING RECOMMENDATIONS 

a. The 5082-4205 is intended to be soldered to a printed 
circuit board having a thickness of from 0.51 to 1.52mm 
(0.02 to 0.06 inch). 

b. Soldering temperature should be controlled so that at 
no time does the case temperature approach 280°C. 
The lowest solder melting point in the device is 280°C 
(gold-tin eutectic). If this temperature is approached, 
the solder will soften, and the lens may fall off. Lead-tin 
solder is recommended for mounting the package, and 
should be applied with a small soldering iron, for the 
shortest possible time, to avoid the temperature 
approaching 280°C. 

c. Contact to the lens end should be made by soldering 
to one or both of the tabs provided. Care should be 
exercised to prevent solder from coming in contact 
with the lens. 

d. If printed circuit board mounting is not convenient, 
wire leads may be soldering or welded to the devices 
using the precautions noted above. 

LINEAR OPERATION 

Having an equivalent circuit as shown in Figure 9, 
operation of the photodiode is most linear when operated 
with a current amplifier as shown in Figure 10. 

II 
Rl '" R2 

VOUT = Rl (lp + ID) 

'-------4--------...,...--0+ }VOUT 

Figure 10. linear Operation. 

Lowest noise is obtained with Ec = 0, but higher speed and 
wider dynamic range are obtained if 5 < Ec < 20 volts. The 
amplifier should have as high an input resistance as 
possible to permit high loop gain. If the photodiode is 
reversed, bias should also be reversed. 

LOGARITHMIC OPERATION 

If the photodiode is operated at zero bias with a very high 
impedance amplifier, the output voltage will be: 

R2 kT Ip 
VOUT = (1 +RI) q Qn (1+~) 

~ -I where Is = IF (e kT -1) at IF < 0.1mA 

using a circuit as shown in Figure 11. 

IP1~ 
Figure 11. logarithmic Operation. 

Output voltage, VOUT, is positive as the photocurrent, I p, 

flows back through the photodiode making the anode 
positive. 



APPLICATION NOTES 

APPLICATION NOTE 915 

Threshold Detection of Visible and Infrared Radiation 
with PI N Photodiodes 

Traditionally, the detection and demodulation of 
extremely low level optical signals has been performed 
with multiplier phototubes. Because of this tradition, 
solid-state photodetectors are often overlooked even 
though they have a number of clear functional advan­
tages and in some applications provide superior 
performance as well. Some of these advantages are 
summarized in this note and become even more 
apparent in the discussion following. 

APPLICA TlON NOTE 931 

Solid State Alphanumeric Display ••• Decoder/Driver 
Circuitry 

Hewlett-Packard offers a series of solid state displays 
capable of producing multiple alphanumeric characters 
utilizing 5 x 7 dot arrays of GaAsP light emitting diodes 
(LED's). These 5 x 7 dot arrays exhibit clear, easily read 
characters. In addition, each array is X-V addressable to 
allow for a simple addressing, decoding, and driving 
scheme between the display module and external logic. 

Methods of addressing, decoding and driving informa­
tion to such an X-V addressable matrix are covered in 
detail in this application note. The note starts with a 
general definition of the scanning or strobing technique 
used for this simplified addressing and then proceeds to 
describe horizontal and vertical strobing. Finally, a 
detailed circuit description is given for a practical 
vertical strobing application. 

APPLICATION NOTE 934 

5082-7300 Series Solid State Display Installation 
Techniques 

The 5082-7300 series Numeric/Hexadecimal Indicators 
are an excellent solution to most standard display 
problems in commercial, industrial and military 
applications. The utlit integrates the display character 
and associated drive electronics in a single package. This 
advantage allows for space, pin and labor cost 
reductions, at the same time improving overall 
reliability. 

The information presented in this note describes 
general methods of incorporating the -7300 into varied 
applications. 

APPLICA TlON NOTE 937 

Monolithic Seven Segment LED Display Installation 
Techniques 

The Hewlett-Packard series of small endstackable 
monolithic GaAsP displays are designed for strobing, a 
drive method that allows time sharing of the character 
generator among the digits in a display. 

This Application Note begins with an explanation of the 
strobing technique, followed by a discussion of the uses 
and advantages of the right hand and center decimal 
point products. 

Several circuits are given for typical applications. Finally, 
a discussion of interfacing to various data forms is 
presented along with comments on mounting the 
displays. 
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APPLICATION NOTE 939 

High Speed Optically Coupled Isolators 

Often designers are faced with the problem of providi ng 
circuit isolation in order to prevent ground loops and 
common mode signals. Typical devices for doing this 
have been relays, transformers and line receivers. 
However, both relays and transformers are low speed 
devices, incompatible with modern logic circuits. Line 
receiver circuits are fast enough, but are limited to a 
cQmmon mode voltage of 3 volts. In addition, they do 
not protect very well against ground loop signals. Now 
Optically Coupled Isolators are available which solve 
most isolation problems. 

This Application Note contains a description of Hewlett­
Packard's high speed isolators, and discusses their 
applications in digital and analog systems. 

APPLICA TION NOTE 941 

5082-7700 Series Seven Segment LED Display 
Applications 

The HP 5082-7700 series of LED displays are available in 
both common anode and common cathode configura­
tions. These single digit displays have been engineered 
to provide a high contrast ratio and a wide viewing 
angle. 

This Application Note begins with DC drive techniques 
and circuits. Next is an explanation of the strobe drive 
technique and the resultant increase in device 
efficiency. This is followed by general strobing circuits 
and some typical applications such as clocks, calculators 
and counters. 

Finally, information is presented on general operating 
conditions, including intensity uniformity, light output 
control as a function of ambient light, contrast enhance­
ment and device mounting. 

APPLICA TION NOTE 945 

Photometry of RED LEOs 

Nearly all LEDs are used either as discrete indicator lamps 
or as elements of a segmented or dot-matrix display. As 
such, they are viewed directly by human viewers, so the 
primary criteria for determining their performance is the 
judgment of a viewer. Equipment for measuring LED 
light output should, therefore, simulate human vision. 

This Application Note will provide answers to these 
questions: 

1. What to measure (definitions of terms) 

2. How to measure it (apparatus arrangement) 

3. Whose equipment to use (criteria for selection) 

APPLICATION NOTE 946 

5082-7430 Series Monolithic Seven Segment Displays 

The HP 5082-7430 series solid state displays are common 
cathode, 2 and 3 digit clusters capable of displaying 
numeric and selected alphabetic data. These GaAsP 
displays employ an integral magnification technique to 
increase both the character size and the luminous 
intensity of each monolithic digit. The resultant 2.79mm 
(0.11") high character is viewable at distances of up to 5 
feet when operated at as little as 0.5mW per segment. 



These displays are designed for strobed operation. In 
strobing, the decoder is timeshared among the digits in 
the display, which are illuminated one at a time. 

Typical applications, such as an Electronic Stopwatch, a 
battery operated Event Counter and a Four Function 
Calculator are discussed in this note. 

APPLICA TION NOTE 947 

Digital Data Transmission Using Optically Coupled 
Isolators 

Optically coupled isolators make ideal line receivers for 
digital data transmission applications. They are especial­
ly useful for elimination of common mode interference 
between two isolated data transmission systems. This 
application note describes design considerations and 
circuit techniques with special emphasis on selection of 
line drivers, transmission lines, and line receiver 
termination for optimum data rate and common mode 
rejection. Both resistive and active terminations are 
described in detail. Specific techniques are described 
for multiplexing applications, and for common mode 
rejection and data rate enhancement. 

APPLICA TlON NOTE 948 

Performance of the 5082-4350/51/60 Series of Isolators in 
Short to Moderate Length Digital Data Transmission 
Systems 

Optically coupled isolators (opto-isolators) can function 
as excellent alternatives to integrated circuit line 
receivers in digital data transmission applications. Their 
major advantages consist of superior common-mode 
noise rejection and true ground isolation between the 
two subsystems. 

This application note describes the basic design 
elements of a data transmission link and presents 
examples of systems that will be useful at distances that 
range from 1 ft. to 300 ft. and have a moderate overall 
cost. 

APPLICATION BULLETINS 

APPLICATION BULLETIN 1 

Construction and Performance of High Efficiency Red, 
Yellow and Green LED Materials 

The high luminous efficiency of Hewlett-Packard's High 
Efficiency Red, Yellow and Green lamps and displays is 
made possible by a new kind of light emitting material 
utilizing a GaP transparent substrate. This application 
bulletin discusses the construction and performance of 
this material as compared to standard red GaAsP and red 
GaP materials. 

APPLICATION BULLETIN 2 

New Operating Curves for 5082-7600 Series Displays 

The 5082-7600 series data sheets contain operating 
curves to assist the designer in determining the limits 
whithin which the display may be reliably operated. A 
description of each curve is presented along with a 
design example illustrating their use. 
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APPLICATION NOTE 951-1 

Applications for Low Input Current, High Gain Optically 
Coupled Isolators 

Optically coupled isolators are useful in applications 
where large common mode signals are encountered. 
Examples are: line receivers, logic isolation, power lines, 
medical equipment and telephone lines. This applica­
tion note has at least one example in each of these areas 
for the 5082-4370 series high CTR isolators. 

APPLICATION NOTE 951-2 

Linear Applications of Optically Coupled Isolators 

Optically coupled isolators can be used to transfer an 
analog signal between two isolated systems. In many 
instances, isolators can replace expensive transformers, 
instrumentation amplifiers, and AID conversion schemes. 
This application note discusses several circuit techniques 
by which 5082-4350 series optically coupled isolators can 
be used to transmit analog information. The operation of 
each circuit is explained in detail and typical circuit 
performance is given. 

APPLICA TION NOTE 964 

Contrast Enhancement Techniques 

This Application Note presents various criteria and 
techniques that a display engineer should consider to 
obtain optimum contrast enhancement for red, yellow 
and green LED displays. A representative list of filter 
manufacturers and available filters is given at the end of 
this discussion. 

APPLICATION BULLETIN 3 

Soldering Hewlett-Packard Silver Plated Lead Frame LED 
Devices 

Many of Hewlett-Packard's commercial LED devices use 
a silver plated lead frame. Soldering toa silver lead frame 
provides a reliable electical and mechanical connection 
and is no more complicated than soldering to a gold lead 
frame. Some suggestions on how to handle and solder 
silver plated lead frame devices are presented. 

APPLICATION BULLETIN 4 

Detection and Indication of Segment Failures in Seven 
Segment LED Displays 

The occurrence of a segment failure in certain 
applications of 7 segment displays can have serious 
consequences if a resultant erroneous message is read 
by the viewer. This application bulletin discusses three 
techniques for detecting open segment lines and 
presenting this information to the viewer. 

APPLICATION BULLETIN 8 

Assembly and Handling Techniques for Monolithic 
Display Chips 

Die attach, lead bonding and intensity matching of LED 
display chips present special problems for the 
manufacturers of hybrid modules. This application 
bulletin discusses some of the basic considerations for 
handling of gallium arsenide phosphide materials. 
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Quito 
Tei: 527-088,527-804 
Cable: ASTOR Quito 

Calculators Only 
Computadoras y Equipos 
Electrdnicos 
P.O. Box 2695 
Avda. 12 De Octubre No. 2207 
Quito 
Tel: 233869, 236783 
Telex: 02-2113 Sagita Ed 
Cable: Sagitra-Quito 

El SALVADOR 
IPESA 
Bulevar de los Heroes 11-48 
San Salvador 
Tel: 252787 

GUATEMALA 
IPESA 
Avenida La Reforma 3-48, 
Zona 9 
Guatemala City 
Tel: 63627, 64786 
Telex: 4192 Teletro Gu 

MEXICO 
Hewlett-Packard Mexicana, 
SA de C.V. 
Torres Adalid No. 21, 11° Piso 
Col. del Valle 
Mexico 12, O.F. 
Tel: (905) 543-42-32 
Telex: 017-74-507 
Hewlett-Packard Mexicana, 
SA de C.v. 
Ave. Constltuclon No. 2184 
Monterrey, N.L 
Tel: 48~71-32, 48-71-84 
Telex: 038-843 

NICARAGUA 
Roberto Teran G. 
Apartado Postal 689 
Edificio Teran 
Managua 
Tel: 25114, 23412,23454 
Cable: ROTERAN Managua 

PANAMA 
Electronico Balboa, S.A. 
P.O. Box 4929 
Calle Samuel Lewis 
Cuidad de Panama 
Tel. 64-2700 
Telex: 3431103 Curunda, 

Canal Zone 
Cable: ELECTAON Panama 

Hewlett-Packard GmbH Medical only 
Technisches Buero Miinchen Hewlett-Packard Italiana S.p.A. 
Unterhachinger Strasse 28 Via d'Aghlardl, 7 
ISAR Center 1-56100 Plsa 
0-8012 Ottobrunn Tel: (050) 2 32 04 
Tel: (089) 601 3061/7 Telex: 32046 via MIlano 
Telex: 52 49 85 Hewlett-Packard S.p.A. 
Cable: HEWPACKSA Munchen Via G. Armellini 10 
Telex 0524985 1-00143 Roma-Eur 
(West Berlin) Tel: (06) 54 69 61 
Hewlett-Packard GmbH Telex. 61514 
Techmsches Buero Berlin Cable: HEWPACKIT Roma 
Keith Strasse 2-4 Hewlett-Packard Italiana S.p.A 
0-1000 Berlin 30 Via San QUlntino, 46 
Tel: (030) 24 90 86 1-10121 Turino 
Telex 183405 hpbln d Tel: 538264/548468 
GREECE Telex: 32046 via Milano 

~g~t:~mKoa~aS~~~~s ~:~i~~I!~:~~~~Jol;~Ii~~~ S.p.A 
GR-Athens 126 Via Principe Nicola 43 GIC 
Tel' 3237731 1-95126 Catania 
Cable: RAKAR Athens Tel:(095) 37 05 05 
Telex. 21 5962 rkar gr Hewlett-Packard Itallana S.p.A 

'~I~~~~O,I, ~~I~apathanassiou & Co. ~~0~~2e~g~p~~fPuCCi, 9 
Manni 17 Tel: (81) 33 77 11 
GR - Athens 103 Hewlett-Packard Italiana S.p.A. 
Tel: 521 915 Via E. Masi, 9/B 
Cable: INTEKNIKA 1-40137 Bologna 
Telex: 21 5329 INTE GR Tel: (051) 30 78 87 

~e~~~~lm~~IYHelias ltd. LUXEMBURG 
52, Skoufa Street Hewlett-Packard Benelux 

GR - Athens 135 ~v~~~ ~·u Col-Vert, 1, 

b~I~I~:2~T~&~61t;~nOs614 959 ~~1~~Ok~~~~~s 
Telex: 21-4693 ETAL GR Tel: (02) 672 22 40 
ICELAND Cable: PALO BEN Brussels 
Medical Only Telex: 23 494 
Elding Trading Company Inc. NETHERLANDS 
Hafnarhovoli - Tryggvatotu Hewlett-Packard Benelux N.V 
IS-Reykjavik Van Heuven Goedhartlaan 121 
Tel: 1 5820 PO. Box 667 
Cable: ELDING ReykjaVik NL- Amstelveen 1134 
IRAN Tel: (020) 47 20 21 
Hewlett-Packard Iran ltd. Cable: PALOBEN Amsterdam 
Mir-Emad Avenue Telex 13216 hepa nl 

~~!~eS~~~~ No 19 NORWAY 
Tel: 85 10 82/86 ~:~~:~-:~~kard Norge AlS 

IRELAND Box 149 
Hewlett-Packard Ltd. N-1344 Haslum 
Ki~g Street Lane Tel: (02) 53 83 60 
Wlnnersh, Wokingham Telex: 16621 hpnas n 

¥~~~O;~:t~8e 4~G7~1 5AR POLAND 
Telex: 847178/848179 ~~~~~tt~~~~k~~ACJI TECHNICZNEJ 

ITALY U1 Stawki 2 6P 
Hewlett-Packard Itailana S. p A. 00-950Warsaw 
Casella postale 3645 Tel: 39 67 43 
1-20124 Milano Telex. 81 24 53 hepa pi 
Tel: (2) 6251 (10 lines) PORTUGAL 
Cable: HEWPACKIT Milano Telectra-Empresa T~cnlca de 
Telex: 32046 Equipamentos Electricos S.a.r.1. 
Hewlett-Packard Italiana S.p.A. Rua Rodrigo da Fonseca 103 
Via Pietro Maroncelli 40 P.O. Box 2531 
(ang. Via Visentin) P-Lisbon 1 
1-35100 Padova Tel: (19) 68 60 72 
Tei: (49) 66 48 88 Cable: TELECTAA Lisbon 
Telex: 32046 via Milano Telex' 12598 
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PARAGUAY 
Z.J. Melamed S.R.L 
DiVision: 

Aparatos y Equipos Medicos 
Division: 

Aparatos y Equipos Cientificos 
ydelnvestlgacldn 

P.O. Box 676 
Chile-482, Edtficio Victoria 
Asuncion 
Tel: 4-5069, 4-6272 
Cable: RAMEL 

PERU 
Companla Electro Medica S.A. 
Los Flamencos 145 
San Isidro Casilla 1030 
Lima 1 
Tel: 413485 
Cable: ELMEO Lima 

PUERTO RICO 
Hewlett-Packard Inter-Americas 
Puerto Rico Branch Office 
P.O. Box 29081 
65th Inf. Station 
San Juan 00929 
Calle 272, Urb. Country Club 
Carolina 00639 
Tel (809) 762-7355/7455/7655 
Telex. 3450514 

Mundinter 
Intercambio Mundial deComercio 
S.a.r.1. 
AV.A.A.de Aguiar 138 
P.O. Box 2761 
P - Lisbon 

6:lbll11~fM1~1~ro Lisbon 

RUMANIA 
Hewlett-Packard Technical Office 
BO.N. Balcesci 16 
Bucharest 
Tel: 1580 23/138885 
Telex: 10440 

SPAIN 
Hewlett-Packard Espanola, S.A 
Jerez NO.3 
E-Madrid 16 
Tel:(1) 458 26 00 (10 lines) 
Telex: 23515 hpe 
Hewlett-Packard Espanola, S.A. 
Milanesado 21-23 
E-Barcelona 17 
Tel' (3) 203 6200 (5 lines) 
Telex: 52603 hpbe e 
Hewlett-Packard Espanola, S.A 
Av Ramdn y Cajal. Hr 
(EdificlO Sevilla I) 
E-Seville 5 
Tel: 64 44 54/58 
Hewlett-Packard espanola S.A. 
Edificio Albia II r B 
E-Bilbao 
Tel: 23 83 06/23 82 06 
Calculators Only 
Hewlett-Packard Espanola S.A. 
Gran V1a Fernando EI Calolico. 67 
E-Valencla-8 
TeL 326 67 28/326 85 55 

SWEDEN 
Hewlett-Pack8rd Svenge AS 
Enighetsvil.gen 3 
Fack 
S·161 20 Bromma 20 
Tel: (08) 7300550 
Cable: MEASUREMENTS 

Stockholm 
Telex: 10721 
Hewlett-Packard Svenge AS 
Frotallsgatan 30 
S-421 32 Vastra Frolunda 
Tel: (031) 4909 50 
Telex. 10721 Via Bromma Office 

SWITZERLAND 
Hewlett-Packard (Schweiz) AG 
Zllrcherslrasse 20 
P.O. Box 307 
CH-8952 Schlieren Zurich 
Tel: (01) 98 18 21 
Cable: HPAG CH 
Telex: 53933 hpag ch 
Hewlett-Packard (Schweiz) AG 
9, Chemin Louis-Pictet 
CH-1214 Vernier-Geneva 
Tel: (022) 41 49 50 
Cable: HEWPACKAG Geneva 
Telex: 27 333 hpag ch 

URUGUAY 
Pablo Ferrando S.A. 
Comereial e Industnal 
Avenida Italia 2877 
Casilla de Correo 370 
Montevideo 
Tel: 40-3102 
Cable: RADIUM Montevideo 

VENEZUELA 
Hewlett-Packard de Venezuela 
C.A 
Apartado 50933, Caracas 105 
Edlflcio Segre 
Tercera Transversal 
Los Ruices Norte 
Caracas 107 
Tel: 35~01-07, 35-00-84, 

35-00-65,35-00-31 
Telex: 25146 HEWPACK 
Cable: HEWPACK Caracas 

FOR AREAS NOT LISTED, 
CONTACT: 
Hewlett-Packard 
Inter-Americas 
3200 HillView Ave. 
Palo Alto, California 94304 
Tel (415) 493-1501 
TWX: 910-373~ 1260 
Cable: HEW PACK Palo Alto 
Telex: 034-8300, 034-8493 

TURKEY 
Telekom Englneenng Bureau 
P.O. Box 437 
Bevglu 
TA-Istanbul 
Tel: 494040 
Cable: TELEMATION Istanbul 

UNITED KINGDOM 
Hewlett-Packard Ltd. 
King Street Lane 
GB-Winnersh, Wokingham 
Berks. RG11 5AR 
Tel: (0734) 78 47 74 
Cable: Hewpie London 
Telex:B47178/9 
Hewlett-Packard Ltd. 
"The Graftons" 
Stamford New Road 
GB-Altrincham 
Cheshire WA141DJ 
Tel: (061) 9289021 
Cable: Hewpie Manchester 
Telex: 668068 
Hewlett-Packard ltd. 
Lygon Court 
Dudley Road 
GB-Halesowen, Worcs 
Tel: (021) 550 7053 
Telex: (021) 550 7273 
Hewlett-Packard Ltd. 
4th Floor 
Wedge House 
799, London Road 
GB-Thornton Heath CR4 6XL 

~~rr(Ol) 684 0103/0105 
Telex: 946825 
Hewlett-Packard Ltd. 
c/o Makro 
South Service Wholesale Centre 
Wear Industrial Estate 
Washington 
GB-New Town, County Durham 
Tel: Washington 464001 ext. 57/58 
Hewlett-Packard Ltd.'s regIstered 
address for V.A.T. purposes 
only: 
70, Finsbury Pavement 
GB-London, EC2A 1 SX 
Registered No. 690597 

USSR 
Hewlett-Packard Representative 
Office USSR 
Pokrovsky Boulevard 4/17, Suite 12 
Moscowl 01 000 
Tel: 294 2024 
Telex: 7825 hewpak SU 

YUGOSLAVIA 
Iskra-standard/Hewlett-Packard 

Office 
Miklosiceva 38NII 
61000 Ljubljana 
Tel: 315-879/321-674 
Telex: 31583 YU HEWPAK 



AFRICA, ASIA, AUSTRALIA 
AMERICAN SAMOA HONG KONG INDONESIA KOREA 
Calculators Only Schmidt & Co.(Hong Kong) Ltd BEReA Indonesia P.T. American Trading Company 
Oceanic Systems Inc. P.O. Box 297 P.O. Box 496 Korea 
P.O. Box 777 Connalight Centre 1st Floor Jl, eikini Raya 61 C.P.O. Box 1103 
Paga Paga Ba~ront Road 39th Floor Jakarta Dae Kyung Bldg., 8th Floor 

~:~~3~-~~f3 6799 
Connaught Road, Central Tel: 56038, 40369, 49B86 107 Sejong-Ro, 

~el:n~_~~~~1_5 Telex: 42895 Chongro-Ku, Seoul 
Cable: OCEANIC-Paga Paga Cable: BERCACON i:l~~~ ~~~~Sd3~3-8924-7 
ANGOLA 

Telex: 74766 SCHMC HX BEReA Indonesia P.T. 
leleetra Cable: SCHMIOTCO HOllg Kong 63 JL. Raya Gubeng Cable: AMTAACO Seoul 

Emf~~rpaa~eeCn1~: de 
INDIA ~~~~~3K: LEBANON 
Blue Star Ltd. Constantin E. Macridis 

Electricos, S.A.R.L. Kasturi Buildings IRAN Clemenceau Street 34 
R. Barbosa Rodrigues, 42·jDOT.o Jamshedji Tata Rd. Hewlett-Packard Iran Ltd. P,O, Box 7213 
Caixa Postal, 6487 ~er~~~ 1~0 020 Mir-Emad Ave. RL-Beirut 
Luanda 14th Street, No. 19 Tel: 36.63,97/8 
Tel: 35515/6 Telex: 2156 IR-Tehran Telex: 21114 Leb 
Cable: TELECTRA luanda Cable: BLUEFROST Tel: 851082/86 Cable: ELECTRONUCLEAR Beirut 

AUSTRALIA Blue Star Ltd. Telex: 212574 MALAYSIA 
Hewlett-Packard Australia Sahas Teknik Mutu Sdn. Bhd. 

Pty. Ltd, 414/2 Vir Savarkar Marg ISRAEL 
2 Lorong 13/6A 

Prabhadevi Electronics & Engineering Div. 
31-41 Joseph Street 

~eY:"J~a!s ~~o 025 
of Motorola Israel Ltd. Section 13 

Blackburn, Victoria 3130 Petaling Jaya,Selangor 
P.O. Box 36 

16 Kremenetski Street 
Tel: 773455(5 lines) 

Doncaster East, Victoria 3109 Telex: 4093 P,O. Box 25016 
Cable: FROSTBLUE Tel~Avlv MOZAMBIQUE Tel: 89-6351 Tel: 38973 

Telex: 31-024 Blue Star Ltd. Telex: 33569 
A.N. Goncalves, Lta. 

Cable: HEWPARD Melbourne Band Box House Cable: BASTEL Tel-Aviv 
162, l' Apt. 14 Av. 0. Luis 

.Hewlett-Packard Australia Prabhadevi Caixa Postal 107 

Pty,Ltd, ~er~~.!:J t~O 025 
JAPAN Lourenco Marques 
Yokogawa-Hewlett-Packard Ltd. Tel: 27091, 27114 

31 Bridge Street Telex: 6-203 Negon Mo 
Pymble Telex: 3751 Ohashi Building 
New South Wales, 2073 Cable: BLUESTAR 1-59-1 Yoyogi Cable: NEG ON 

Tel: 449-6566 Blue Star Ltd Shibuya-ku, Tokyo NEW ZEALAND 
Telex: 21561 14/40 Civil Lines Tel: 03-370-2281/92 Hewlett-Packard (N.Z.) Ltd. 
Cable: HEWPARD Sydney ~e~:n~88 ~~8 001 

Telex: 232-2024YHP 4-12 Cruickshank Street 
Hewlett-Packard Australia 

Cable: YHPMARKET TOK 23-724 Kilbirnie, Wellington 3 
Telex: 292 Yokogawa-Hewlett-Packard Ltd. Mailing Address: Hewlett-Packard 

15~t~re~1~hill Road Cable: BLUESTAR Nissei Ibaraki Building (N,Z.) Ltd. 
Parkside, 5063, S.A. Blue Star Ltd. 2-8 Kasuga 2-chrome, Ibaraki-shi P.O. Box 9443 
Tel: 27-2591 7 Hare Street Osaka,567 Courtney Place 
Telex: 82536 AOEL P,O. Box 506 Tel: (0726) 23-1641 Wellington 
Cable: HEWPARD ADELAIDE Calcutta 700 001 Telex: 5332-3B5 YHP OSAKA Tel: 877-199 

Hewlett-Packard Australia Tel: 23-0131 YOkogawa-Hewlett-Packard Ltd. Telex: NZ 3839 

Pty.L1d. Telex: 7655 Nakama Building Cable: HEWPACK Wellington 

141 Stirling Highway Cable: BLUESTAR 24 Kami Sasajima-cho Hewlett-Packard (N.Z.) ltd. 
Nedlands, W.A. 6009 Blue Star Ltd. ~:ra(~52it;1.~f?loya , 450 Pakuranga Professional Centre 
Tel: 86-5455 Blue Star House, 267 Pakuranga Highway 
Telex: 93859 PERTH 34 Mahatma Gandhi Rd. YOkogawa-Hewlett-Packard Ltd. Box 51092 
Cable: HEWPARO PERTH Lajpatnagar Tanigawa Building f:~5~~~~~ 
Hewlett-Packard Australia New Deihl 110024 2-24-1 Tsuruya-choo 

Pt~Ltd, Tel: 623276 Kanagawa-ku Telex: Nl 3839 

121 01l0ngon8 Street Telex: 2463 Yokohama, 221 Cable: HEWPACK,Auckland 

Fyshwlck, A .. T. 2609 Cable: BLUESTAR Tel: 045-312-1252 Analytical/MedicalOnly 
Tel: 95-3733 Blue Star Ltd. Telex: 382-3204 YHP YOK M~dical Supplies N.l. Ltd. 
Telex: 62650 Canberra Blue Star House Yokogawa-Hewlett·Packard Ltd. SCientific Division 
Cable: HEWPARD CANBERRA l1/11A Magarath Road Mito Mitsui Building 79 Carlton Gore Rd., Newmarket 

Hewlett Packard Australia ~e~:n~5J6~e 560 025 105, l-chrome, San-no-maru P.O. Box 1234 

5th~oirtd. 
Mito,lbaragi310 Auckland 

Telex: 430 Tel:: 0292-25-7470 Tel: 75-289 

Teachers Union Building Cable: BLUESTAR Yokogawa-Hewlett-Packard Ltd. 
Telex: 2958 MEOISUP 

Blue Star Ltd. Cable: DENTAL Auckland 495-499 Boundary Street Inoue Building 
Spring Hili, 4000 Queensland Meeakshi Mandiran 1348-3, Asahi-cho, l-chome Analytical/Medical Only 
Tel: 29-1544 xxx/1678 Mahatma Gandhi Rd. fe~~o~b~2a£_~~~~a 243 

Medical Supplies N.l. Ltd. 
Telex: 42133 BRISBANE Cachin 682 016 Kerala P.O. Box 1994 

Tel: 32069, 32161, 32282 147-161 Tory St. 
CYPRUS Telex: 046-514 KENYA Wellington 
Kypronics Cable: BLUESTAR Technical Engineering Services Tel: 850-799 
19 Gregorios & Xenopoulos Rd. 

Blue Star Ltd. (E.A.)L1d., Telex: 3858 
P.O. Box 1152 

1-1-117/1 P,O. 80x 18311 Cable: DENTAL, Wellington 
CY-Nlcosia 

Sarojini Devi Road Nairobi Analyticat/MedicaJ Only 
Tel: 45628/29 

Secunderabad 500 003 Tel: 557726/556762 Medical Supplies N.Z. Ltd. 
Cable: KYPRONICS PANOEHIS 

Tel: 70126, 70127 Cable: PROTON P,O, Box 309 
GUAM Cable: BLUEFROST Medical Only 239 Stanmore Road 
Medical/Pocket Calculators Only Telex: 459 International Aeradio(E.A.)Ltd., Christchurch 
Guam Medical Suply, Inc. Blue Star Ltd. P.O, Box 19012 Tel: 892-019 
Jay Ease Building, Room 210 23/24 Second Line Beach Nairobi Airport Cable: DENTAL, Christchurch 
P,O, Box 8383 Madras 600 001 Nairobi Analytical/Medical Only 
Tamunlng 96911 Tel: 23954 Tel: 336055/56 Medical Supplies N.Z. Ltd 
Tel: 646-4513 Telex: 379 Telex: 22201/22301 303 Great King Street 
Cable: EARMED Guam Cable: BLUESTAR Cable: INTAERID Nairobi P.O, Box 233 

Blue Star Ltd. Dunedin 
Tel: 88-817 Nathraj Mansions Cable: DENTAL, Dunedin 2nd Floor Blstupur 

Jamshedpur 831 001 
Tel: 7383 
Cable: BLUESTAR 
Telex: 240 
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NIGERIA 
The ElectronIcs 

InstrumentatIOns Ltd. 
N6B1770 Oyo Road 
Dluseun House 
P.M.B.5402 
Ibadan 
Tel: 61577 
Telex: 31231 TElL Nigeria 
Cable: THETEll Ibadan 
The Electronics Instrumenta· 

tionsLtd. 
~~6.A~6~6~%tor Road, Mushin 

Lagos 
Cable: THETEIL Lagos 

PAKISTAN 
Mushko & Company, Ltd. 
Oosman Chambers 
Abdullah Haroon Road 
Karachl-3 
Tel: 511027,512927 
Telex: KR894 
Cable: COOPERATOR Karachi 
Mushko & Company, Ltd. 
38B, Satellite Town 

~e~~4~lrJ~dl 
Cable: FEMUS Rawalpindi 

PHILIPPINES 
The Online Advanced Systems 

Corporation 
6th Floor, Yujuico Building 
560 Quintin Paredes Street 
Binondo, Manila 
Tel: 40-05-41, 40-05-31 
Telex: 3327 GENBANK 

RHODESIA 
Field Technical Sales 
45 Kelvin Road North 
P.O, Box 3458 

f:~i~8~211 (5 lines) 
Telex: RH 4122 

SINGAPORE 
Hewlett-Packard Singapore 

(pte,) Ltd, 
Blk. 2, 6th Floor, Jalan 

Bukit Merah 
Redhilllndustria! Estate 
Alexandra P.O. Box 58, 
Singapore 3 
Tel: 633022 
Telex: HPSG RS 21486 
Cable: HEWPACK, Singapore 

SOUTH AFRICA 
Hewlett-Packard South Africa 

(Pty.),Ltd. 
Private Bag Wendywood 
Sandton, Transvaal 2144 
Hewlett-Packard House 
Daphne Street, Wendywood, 
Sandton, Transvaal 2144 
Tel: 802-104016 
Telex: SA43-4782JH 
Cable: HEWPACK JOHANNESBURG 
Hewlett-Packard South Africa 

tly),Lld. 
P .. Box 120 
Howard Place, Cape Province, 7450 
Pme Park Center, Forest Drive, 
Pinelands, Cape Province, 7405 
Tel: 53-7955 thu 9 
Telex: 57-0006 
Hewlett-Packard South Africa 

(Ply.), Ltd, 
P.O, Box 37099 
Overport, Durban 4067 
641 Ridge Road, Durban 
Durban, 4001 
Tel: 88-7478,88-1080,88-2520 
Telex: 6-7954 
Cable: HEWPACK 

TAIWAN 
Hewlett-Packard Far East Ltd., 
Taiwan Branch 
39 Chung Shiao West Road 
Sec. 1, 7th Floor 
Taipei 
Tel: 389160,1,2,3 
Telex: 21824 HEWPACK 
Cable: HEWPACK TAIPEI 
Hewlett-Packard Taiwan 
38, Po-Ai lane, San Min Chu, 
Kaohsiung 
Tel: (07) 242318 
Analytical Only 
San Kwang Instruments Co., Ltd., 
No. 20, yung Sui Road 
Taipei, 100 
Tel: 3713171-4 
Telex: 22B94 SANKWANG 
Cable: SANKWANG TAIPEI 

TANZANIA 
Medical Only 
International Aeradio (E.A.), Ltd. 
P.O. Box 861 
Daressalaam 
Tel: 21251 Ext. 265 
Telex: 41030 

THAILAND 
UNIMESA Co., Ltd, 
Elcom Research BUIlding 
Bangjak Sukumvit Ave. 

fe~n~3k2~~7, 930338 
Cable: UNIMESA Bangkok 

UGANDA 
Medical Only 
International Aeradio(E.A.), Ltd., 
P.O, Box 2577 
Kampala 
Tel: 54388 
Cable: INTAERIO Kampala 

ZAMBIA 
R.J. Tilbury (Zambia) Ltd. 
P.O. Box 2792 
Lusaka 
Tel: 73793 
Cable: ARJAYTEE, Lusaka 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard SA 
Mediterranean and Middle 
East Operations 
35, Kolokotroni Street 
Platia KefaUariou 
GR-Kifissia-Athens 
Telex: 21-6588 
Cable: HEWPACKSA Athens 

OTHER AREAS NOT LlSTEO, 
CONTACT: 
Hewlett-Packard Intercontinental 
3200 Hillview Ave. 
Palo Alto, California 94304 

tWx(4~fU~~:1~gj 
Cable: HEWPACK Palo Alto 
Telex: 034-8300, 034-8493 
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