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Figure 7. Test Circuit for tpHL and tpLH"· 
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PACKARD 

COIVi PONENTS 

HIGH CMR, HIGH SPEED HCPl- 2601 
OPTICALLY COUPLED GATE (5082-4361) 

___ ICC 

J+- I 

VF ?-i 
- I 

L---~--~------~---oGND 
5 

TRUTH TABLE 
(Positive Logic) 

A 0.01 TO 0.1 "F BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 8 AND 5 (See Note 1). 

Figure 1. Schematic. 

Features 

Input 

H 

L 

H 

L 

Enable Output 

H L 

H H 

L H 
L H 

• INTERNAL SHIELD FOR HIGH COMMON 
MODE REJECTION (CMR) 

• HIGH SPEED 
• GUARANTEED MINIMUM COMMON MODE 

TRANSIENT IMMUNITY: 1000V/1lS 
• LSTTL/TTL COMPATIBLE 
• LOW INPUT CURRENT REQUIRED: 5mA 
• GUARANTEED PERFORMANCE OVER TEM­

PERATURE: OCC to 70c C 
• STROBABLE OUTPUT 
• RECOGNIZED UNDER THE COMPONENT 

PROGRAM OF UNDERWRITERS LABORA­
TORIES, INC. (FILE NO. E55361) 

• 3000 Vdc INSULATION VOLTAGE 

Description 
The HCPL-2601 optically coupled gate combines a GaAsP 
light emitting diode and an integrated high gain photor:l 
detector. An enable input allows the detector to be 
strobed. The output of the detector I.C. is an open 
collector Schottky clamped transistor. The internal shield 
provides a guaranteed common mode transient immunity 
specification of 1000 volts/l'sec., equivalent to rejecting a 
300 volt P-P sinusoid at 1 MHz. 

This unique design provides maximum D.C. and A.C. 
circuit isolation while achieving TTL compatibility. The 
isolator D.C. operational parameters are guaranteed from 
O°C to 70°C allowing troublefree system performance. 
This isolation is achieved with a typical propagation delay 
of 35 nsec. 

The HCPL-2601's are suitable for high speed logic 
interfacing, input/output buffering, as line receivers in 
environments that conventional line receivers cannot 
tolerate and are recommended for use in extremely high 
ground or induced noise environments. 

TECHNICAL DATA APRIL 1978 

OUTLINE DRAWING 
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DIMENSIONS IN MILl,IMEfAESANO (INCHES) 

Applications 
• Isolated Line Receiver 
• Simplex/Multiplex Data Transmission 
• Computer-Peripheral Interface 
• Microprocessor System Interface 
• Digital Isolation for A/D, D/A Conversion 
• Switching Power Supply 
• Instrument Input/Output Isolation 
• Ground Loop Elimination 
• Pulse Transformer Replacement 

Recommended Operating 
C dOtO on I Ions Sym. Min. Max. Units 

Input Current, Low Level IFL 0 250 /LA 

Input Current, High Level IFH 6.3" 20 mA 

Supply Voltage, Output Vee 4.5 5.5 V 

High Level Enable Voltage VEIl 2.0 5.S V 

Low Level Enable Voltage VEL 0 0.8 V 

Fan Out (TTL Load) N 8 

Operating Temperature TA 0 70 "C 

Absolute Maximum Ratings 
(No Derating Required up to 70C C) 
Storage Temperature .............. -55°Cto+125°C 
Operating Temperature . . . . . . . . . . . . . . .. OCC to +70° C 
Lead Solder Temperature ........... 260°C for lOS 

(1.6mm below seating plane) 
Forward Input Current - IF (see Note 2) ....... 20 mA 
Reverse Input Voltage ........................... 5 V 
Supply Voltage-Vee ............................ 7V 
Enable Input Voltage- VE ....................... 5.5 V 

(Not to exceed Vee by more than 500 mY) 
Output Collector Current -10 .............. . .. 25 mA 
Output Collector Power Dissipation . . . . . . . . . .. 40 mW 
OutputColiectorVoltage-Vo .................... 7V 

"6.3mA condition permits at least 20% CTR degradation guardband. Initial switching threshold is SmA or less. 
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Electrical Characteristics 
(Over Recommended Temperature, TA = O°C to +70°C, Unless Otherwise Noted) 

Parameter Symbol Min. Typ.· Max. Units Test Condillons Figure Note 

High Level Output Current IOH 7 250 J.l.A Vee = 5.5V, Vo = 5.5V, 2 
IF = 250 J.l.A, VI' = 2.0 V 

Low Level Output Voltage VOL 0.4 0.6 V Vee = 5.5V, IF = 5 mA 3,5 
VE = 2.0 V, 
10L (Sinking) = 13 mA 

High Level Supply Current lecH 10 15 mA Vec = 5.5V, IF = 0, 
VE=0.5V 

Low Level Supply Current IcCL 15 18 mA Vce = 5.5V, IF = 10 mA, 
VE=0.5V 

Low Level Enable Current IEL -1.6 -2.0 mA Vee = 5.5 V, VE = 0.5 V 

High Level Enable Current IEH -1.0 mA 'Icc = 5.5 V, 'IE = 2.0'1 

High Level Enable Voltage VEil 2.0 V 11 

Low Level Enable Voltage VEL 0.8 V 

Input Forward Voltage VI' 1.5 1.75 V IF = 10 mA, TA = 25°C 4 

Input Reverse Breakdown BVR 5 V IR = 10 I' A, TA = 25°C 
Voltage 

Input Capacitance C IN 60 pF VF = 0, 1 = 1 MHz 

Input Diode Temperature ::NF -1.6 mV/oC IF = 10 mA 
Coefficient ilTA 

Input-Output Insulation 11-0 1 I' A Relative Humidity = 45% 3 
Leakage Current TA=25°C,t=5s, 

VI-a = 3000 Vde 

Resistance (Input-Output) RI-o 1012 n VI-a = 500 V 3 

Capacitance (Input-Output) CI-O 0.6 pF f = 1 MHz 3 

• All typical values are at Vee = SV, T A = 25° c. 

switching Characteristics (TA = 25°C, Vee = 5V) 

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note 

Propagation Delay Time to tpLH 35 75 ns 6 4 
High Output level 

Propagation Delay Time to tpHL 35 75 ns 
RL = 350 n 

6 5 
Low Output Level CL=15pF 

Output Rise Time (10-90%) tf 25 ns IF = 7.5 mA 

Output Fall Time (90-10%) tf 15 ns 

Propagation Delay Time of tUH 25 ns RL = 350 n, CL = 15 pF, 9 6 
Enable from VEH to VEL IF = 7.5 mA, VEH = 3 V, 

VEL = 0 V 

Propagation Delay Time 01 tEHI. 15 ns RL = 350 n, CL = 15 pF, 9 7 
Enable from VEL to VEH IF = 7,5 mA, VEil = 3 V, 

VEL = 0 V 

Common Mode CMf! 1000 10,000 VII's VeM = 50 V (peak), 12 8,10 
Transient Immunity Vo (min.) = 2 V, 
at High Output Level RL = 350 n, IF = 0 mA 

Common Mode CML -1000 -10,000 VII's VCM = 50 V (peak), 12 9,10 
Transient Immunity Vo (max.) = 0.8 V, 
at Low Output Level RL = 350 n, IF = 7.5 mA 
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NOTES: 
1. Bypassing of the power supply line is required, with a 0.01 /LF ceramic 

disc capacitor adjacent to each isolator as illustrated in Figure 15. The 
power supply bus for the isolator(s) should be separate from the bus for 
any active loads, otherwise a larger value of bypass capaCitor (up to 0.1 
/LF) may be needed to suppress regenerative feedback via the power 
supply. 

6. The tELl! enable propagation delay is measured from the 1.5 V painton 
the trailing edge of the enable input pulse to the 1.5 V point on the 
trailing edge of the output pulse. 

7. The tEIIL enable propagation delay is measured from the 1.5 V point on 
the leading edge of the enable input pulse to the 1.5 V pOint on the 
leading edge of the output pulse. 

2. Peaking circuits may produce transient input currents up to 50 rnA, 50 
ns maximum pulse width, provided average current does not exceed 20 
rnA. 

B. CMII is the maximum tolerable rate of rise of the common mode voltage 
to assure that the output will remain in a high logic state (i.e .• Vom' 
>2.0 V). 

3. Device considered a two terminal device: pins 1, 2. 3 and 4 shorted 
together. and pins 5, 6, 7 and B shorted together. 

4. The tPl.II propagation delay is measured from the 3.75 rnA point on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 
the output pulse. 

9. CML is the maximum tolerable rate of fall of the common mode voltage 
to assure that the output will remain in a low logic state (Le., VOUT <0.8 
V). 

5. The tpIIL propagation delay is measured from the 3.75 rnA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output pulse. 

10. For sinusoidal voltages, (ldVCMIJ --- = "fcMVCM (p-p) 
dt max 

11. No external pull up is required for a high logic state on theenable inpul. 
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HEWLETT t1i PACKARD 

COMPONENTS 

HIGH CMR,HIGH SPEED 
OPTICAllY COUPLED 

LINE RECEIVER 
HCPL-2602 

AO.Ol TO 0.1 pF BYPASS CAPACITOR 
MUST BE CONNECTED BETWEEN 
PINS 8 AND"S (See Note 11. 

Figure 1. Schematic. 

Features 

TRUTH TABLE 
(Positive Logic) 

Input Enable Output 

H H L 

+.-.-~ ..... ~ 
l -+-

• LINE TERMINATION INCLUDED - NO EXTRA CIRCUITRY 
REQUIRED 

o 'ACCEPTS A BROAD RANGE OF DRIVE CONDITIONS 

• GUARDBANDED FOR LED DEGRADATION 

• LED PROTECTION MINIMIZES LED EFFICIENCY 
DEGRADATION 

• HIGH SPEED - 10Mbs (LIMITED BY TRANSMISSION LINE 
IN MANY APPLICATIONS) 

• INTERNAL SHIELD PROVIDES EXCELLENT COMMON 
MODE REJECTION 

o EXTERNAL BASE LEAD ALLOWS "LED PEAKING" AND 
LED CURRENT ADJUSTMENT 

• 3000 Vdc INSULATION VOLTAGE 

• RECOGNIZED UNDER THE COMPONENT PROGRAM OF 
UNDERWRITERS LABORATORIES, INC. (FILE NO. E55361) 

Description 

TECHNICAL DATA APRIL 1978 

9.401.370} OUTLINE DRAWiNG 
~9.90(.390f-- \ 

Ir.h ~--------~~==--\ 
B 7 6 5 N~~~~R -1- 0.1a (,007) 

1 I 0.33 (.013) 
DATE ~ !!:J.9_(.2401 
CODE 7.8a (.310) 6.60 (.260) 

j , ~T~ 
'r:-,....,.,,,-,-....,....,...,.iJ, UL -- + 

ci~~ 2 13 11=4 RECOGNITION T 
_ 1.60 (.0631 MAX. ' 

_.. 0,89 f,03S) MIN. DIMENSIONS IN MILLIMETRES AND (INCHES) 

Applications 
• Isolated Line Receiver 

• Simplex/Multiplex Data Transmission 

• Computer-Peripheral Interface 

• Microprocessor System Interface 

• Digital Isolation for A/D, D/A Conversion 

• Current Sensing 

• Instrument Input/Output Isolation 

• Ground Loop Elimination 

• Pulse Transformer Replacement 

The HCPL-2602 optically coupled line receiver combines a GaAsP light emitting diode, an input current regulatorandan 
integrated high gain photon detector. The input regulator serves as a line termination for line receiver applications. It 
clamps the line voltage and regulates the LED current so line reflections do not interfere with circuit performance. 

The regulator allows a typical LED current of 8.5 mA before it starts to shunt excess current. The output ofthe detector IC 
is an open collector Schottky clamped transistor. An enable input gates the detector. The internal detector shield 
provides a guaranteed common mode transient immunity specification of 1 OOOV /lJsec, equivalent to rejecting a 300V P-P 
sinusoid at 1 MHz. 

DC specifications are defined similar to TTL logic and are guaranteed from O·Cto 70·C allowing trouble free interfacing 
with digital logic circuits. An input current of 5 mA will sink an eight gate fan-out (TTL) at the output with a typical 
propagation delay from input to output of only 45 nsec. 

The HCPL-2602's are useful as line receivers in high noise environments that conventional line receivers cannottolerate. 
The higher LED threshold voltage provides improved immunity to differential noise and the internally shielded detector 
provides orders of magnitude improvement in common mode rejection with little or no sacrifice in speed. 
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Electrical Characteristics 
(Over Recommended Temperature, TA = 0' C to +70' C, Unless Otherwise Noted) 

Parameter Symbol Min. Typ.* Max. Units Test Conditions Figure ~jote 

High Level Output Current 10H 7 250 pA Vee = 5.5V, Vo = 5.5V 4 
11=250 pA, I/E=2.0V 

Low Level Output Voltage VOL 0.4 0.6 V Vec=5.5V, 11=5 rnA 2,5 2 
VE=2.0V, 
10L (Sinking)=13 rnA 

Input Voltage VI 2.0 2.4 V 11=5mA 3 

2.3 2.7 11=60 rnA I 3 

Input Reverse Voltage VR 0.75 0.95 V IR=5 rnA 

Low Level Enable Current IEL -1.6 -2.0 rnA Vcc=5.5V, VE=0.5V 

High Level Enable Current IEH -1.0 rnA Vec=5.5V, VE=2.0V 

High Level Enable Voltage VEH 2.0 V 11 

Low Level Enable Voltage VEL 0.8 V 

High Level Su pply Current leCH 10 15 rnA Vce=5.5V, 11=0, 
VE=0.5V 

Low Level Supply Current lecL 16 19 mA Vcc=5.5V, 11=60 rnA 
VE=0.5V 

Input Capacitance YN 90 pF VI=O, f=l MHz, 
(PIN 2-3) I 

Input-Output Insulation 11-0 1 J1A Relative Hurnidity=45% 3 
Leakage Current T A =25' C, t=5 5, 

VI_0=3000 Vdc 

Resistance (Input-Output) RI_o 1012 n V I_0 =500V I 3 

Capacitance (Input-Output) CI_O 0.6 pF f = 1 MHz 3 

"All typical values are at Vcc = 5V, T A = 25°C. 

Switching Characteristics 
(TA = 25D C, Vcc = 5V) 

Parameter Symbol Min. Typ. Max. Units Test Cond itions Figure Note 

Propagation Delay Time to tPLH 45 75 ns 6 4 
High Output Level 

Propagation Delay Time to tpHL 45 75 ns RL = 350 n 6 5 
Low Output Level CL = 15 pF 

Output Rise Time (10-90%) 25 
II = 7.5 rnA 

tr ns 

Output Fall Ti rne (90-10%) tf 15 ns 

Propagation Delay Time of tELH 25 ns R L =350n, CL = 15 pF, 10 6 
Enable from VEH to VEL 11=7.5 rnA, VEH=3 V, 

VEL =0 V 

Propagation Delay Time of tEHL 15 ns 10 7 
Enable from VEL to VEH 

Common Mode CMH 1000 10,000 V Ips VCM=50 V (peak), 12 8 
Transient Immunity Vo (min.)=2 V, 
at High Output Level RL =350n, 11=0 mA 

Common Mode CML -1000 -10,000 V Ips VCM=50 V (peak), 12 9 
Transient Immunity Vo (max.)=0.8 V, 
at Low Output Level RL=350n, 11=7.5 mA 
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using the HCPL-2602 Optically 
coupled Line Receiver 
The primary objectives to fulfill when connecting an 
optoisolator to a transmission line are to provide a 
minimum, but not excessive, LED current and to properly 
terminate the line. The internal regulator in the HCPL-
2602 simplifies this task. Excess current from variable 
drive conditions such as line length variations, line driver 
differences and power supply fluctuations are shunted by 
the regulator. In fact, with the LED current regulated, the 
line current can be increased to improve the immunity of 
the system to differential-mode-noise and to enhance the 
data rate capability. The designer must keep in mind the 
60 mA input current maximum rating of the HCPL-2602, 
in such cases, and may need to use series limiting or 
shunting to prevent overstress. 

Design of the termination circuit is also simplified; in most 
cases the transmission line can simply be connected 
directly to the input terminals of the HCPL-2602 without 
the need for additional series or shunt resistors. If 
reversing line drive is used it may be desirable to use two 
HCPL-2602's, or an external Schottky diode to optimize 
data rate. 

polarity Non-Reversing Drive 
High data rates can be obtained with the HCPL-2602 with 
polarity non-reversing drive. Figure (a) illustrates how a 
74S140 line driver can be used with the HCPL-2602 and 
shielded, twisted pair or coax cable without any additional 
components. There are some reflections due to the "active 
termination" but they do not interfere with circuit 
performance because the regulator clamps the line 
voltage. At longer line lengths tpLH increases faster than 
tpHL since the switching threshold is not exactly halfway 
between asymptotic line conditions. If optimum data rate 
is desired, a series resistor and peaking capacitor can be 
used to equalize tpLH and tpHL. In general, the peaking 
capacitance should be as large as possible; however, if it is 
too large it may keep the regulatorfrom achieving turn-off 
during the negative (or zero) excursions of the input 
signal. A safe rule: 

make C";16t 
where C = peaking capacitance in picofarads 

t = data bit interval in nanoseconds 

polarity Reversing Drive 
A single HCPL-2602 can also be used with polarity 
reversing drive (Figure b). Current reversal is obtained by 
way of the substrate isolation diode (substrate to 
collector). Some reduction of data rate occurs, however, 
because the substrate diode stores charge, which must be 
removed when the current changes to the forward 
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direction. The effect of this is 11 10ngertpHL' This effect can 
be eliminated and data rate improved considerably by use 
of a Schottky diode on the input of the HCPL-2602. 

For optimum noise rejection as well as balanced delays a 
split-phase termination should be used along with a flip­
flop at the output (Figure c). The result of current reversal 
in split-phase operation is seen in Figure (c) with switches 
A and B both OPEN. The isolator inputs are then con­
nected in ANTI-SERIES; however, because of the higher 
steady-state termination voltage, in comparison to the 
single HCPL-2602 termination, the forward current in 
the substrate diode is lower and consequently there 
is less junction charge to deal with when switching. 

Closing switch B with A open is done mainly to enhance 
common mode rejection, but also reduces propagation 
delay slightly because line-to-line capaCitance offers a 
slight peaking effect. With switches A and B both 
CLOSED, the shield acts as a current return path which -
prevents either input substrate diode from becoming 
reversed biased. Thus the data rate is optimized as shown 
in Figure (c). 

Improved Noise Rejection 
Use of additional logic at the output of two HCPL-2602's 
operated in the split phase termination, will greatly 
improve system noise rejection in addition to balancing 
propagation delays as discussed earlier. 

A NAND flip-flop offers infinite common mode rejection 
(CMR) for NEGATIVELY sloped common mode transients 
but requires tpHL>tpLH for proper operation. A NOR flip­
flop has infinite CMR for POSITIVELY sloped transients 
but requires tpHL < tpLH for proper operation. An 
exclusive-OR flip-flop has infinite CMR for common mode 
transients of EITHER polarity and operates with either 
tpHL > tpLH or tpHL <tPLH-

With the line driver and transmission line shown in Figure 
(c), tpHL> tpLH' so NAND gates are preferred in the R-S 
flip-flop. A higher drive amplitude or different circuit 
configuration could make tpHL <tpLH, in which case NOR 
gates would be preferred. If it is not known whether tpHL> 
tpLH ortpHL<tpLH' or if the drive conditions may vary over 
the boundary for these conditions, the exclusive-OR flip­
flop of Figure (d) should be used_ 

RS-422 and RS-423 
Line drivers designed for RS-422 and RS-423 generally 
provide adequate voltage and current for operating the 
HCPL-2602. Most drivers also have characteristics 
allowing the HCPL-2602 to be connected directly to the 
driver terminals. Worst case drive conditions, however, 
would require current shunting to prevent overstress of 
the HCPL-2602. 
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Recommended operating 
Conditions 

Sym. Min. Max. Units 

Input Current. Low Level IlL 0 250 I'A 

Input Current. High Level IlH 5 60 rnA 

Supply Voltage, Output V" 4.5 5.5 V 

High Level Enable Voltage VEIl 2.0 5.5 V 

Low Level Enable Voltage VEl. 0 0.8 V 

Fan Out (TTL Load) N 8 

Operating Temperature T" 0 70 °C 

NOTES: 
1. Bypassing of the power supply line is required, with a 0.01 ,uF ceramic 

disc capacitor adjacent to each isolator as illustrated in Figure 15. The 
power supply bus for the isolator(s) should be separate from the bus for 
any active loaos, otherwise a larger value of bypass capacitor (up to 0.1 
,uF)' may be needed to suppress regenerative feedback via the power 
supply. 

2. The HCPL-2602 is tested such that operation at II minimum of 5 mA will 
provide the user a minimum of 20% guard band for LED light output 
degradation. 

3. Deuice considered a two terminal device: pins 1, 2, 3 and 4 shorted 
together, and pins 5, 6, 7 and 8 shorted together. 

4. The tPUl propagation delay is measured from the 3.75 rnA paint on the 
trailing edge of the input pulse to the 1.5 V point on the trailing edge of 
the output pulse. 

5. The tpHL propagation delay is measured from the 3.75 rnA point on the 
leading edge of the input pulse to the 1.5V point on the leading edge of 
the output pulse. 
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Absolute Maximum Ratings 
Storage Temperature .... . . . . . . . . .. -55° C to +125° C 
Operating Temperature ................ 0°Cto+70°C 
Lead Solder Temperature ........... 260°C for 10 s 

(1.6mm below seating plane) 
Forward Input Current -II .................... 60 mA 
Reverse Input Current ........................ 60 mA 
Supply Voltage - Vee ............................ 7 V 
Enable Input Voltage - VE ....................... 5.5 V 

(Not to exceed Vee by more than 500 mV) 
Output Collector Current -10 ................. 25 mA 
Output Collector Power Dissipation ........... 40 mW 
Output Collector Voltage - Vo .................... 7 V 
Input Current, Pin4 ......................... :t10mA 

6. The tn.1I enable propagation delay is measured from the 1.5 V pOint on 
the trailing edge of the enable input pulse to the 1.5 V point on the 
trailing edge of the output pulse. 

7. The tl:HI. enable propagation delay is measured from the 1.5 V point on 
the leading edge of the enable input pulse to the 1.5 V point on the 
leading edge of the output pulse. 

8. CM/-l is the maximum tolerable rate of rise of the common mode voltage 
to assure that the output will remain in a high logic state (Le., V(Jn 
>2.0 V). 

9. CM). is the maximum tolerable rate of fall of the common mode voltage 
to assure that the output will remain in a low logic state (Le., Vot ''I' <0.8 
V). 

10. For sinusoidal voltages, (ldVCM1J 
--- ~ rrkMVCM (p-p) 

dt rna.' 

11 No external pull up is required for a high logic state on the enable input. 
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Figure 3. Input Characteristics. 
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HEWLETTj PACKARD 

COMPONENTS 

DUAL DTL/TTL 
COMPATIBLE OPTICALLY 

COUPLED GATE 

HCPl-2630 
(5082 -4364) 

~ 
~7 

Vee 

VOl 

~6 
V02 

NOTE: 
A .01 TO O,'MF BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 8 AND 5 '-----o__+---0 GND 

Features 
• HIGH DENSITY PACKAGING 
• DTL/TTL COMPATIBLE: 5V SUPPLY 
• ULTRA HIGH SPEED 
• LOW INPUT CURRENT REQUIRED 
• HIGH COMMON MODE REJECTION 
• GUARANTEED PERFORMANCE OVER 

TEMPERATURE 
• RECOGNIZED UNDER THE COMPONENT 

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

• 3000Vdc INSULATION VOLTAGE 

Description / Applications 
The HCPL-2630 consists of a pair of inverting optically coupled 
gates each with a GaAsP photon emitting diode and a unique 
integrated detector. The photons are collected in the detector 
by a photodiode and then amplified by a high gain linear amp­
lifier that drives a Schottky clamped open collector output 
transistor. Each circuit is temperature, current and voltage com­
pensated. 

This unique dual isolator design provides maximum DC and AC 
circuit isolation between each input and output while achieving 
DTL/TTL circuit compatibility. The isolator operational para­
meters are guaranteed from OoC to 70°C, such that a minimum 
input current of 5 mA in each channel will sink an eight gate 
fan-out (13 mAl at the output with 5 volt VCC applied to the 
detector. This isolation and coupling is achieved with a typical 
propagation delay of 50 nsec. 

The HCPL-2630 can be used in high speed digital interface ap­
plications where common mode signals must be rejected such 
as for a line receiver and digital programming of floating power 
supplies, motors, and other machine control systems. The eli­
mination of ground loops can be accomplished between system 
interfaces such as between a computer and a peripheral mem­
ory, printer, controller, etc. 

The open collector output provides capability for bussing, 
strobing and "WIR ED-OR" connection. In all applications, the 
dual channel configuration allows for high density packaging, 
increased convenience and more usable board space. 

TECHNICAL DATA APRIL 1978 

OUTLINE DRAWING 

.--------rr:===* -1-- 0.'8 LQQ1} TYPE 
NUMBER 

DATE 
eOOE 

7.36 tm ::~~ ~ 
7.B8 (.3l0) ! 

Recommended Operating 
Conditions 

Sym. Min. 

I nput Current, Low Level 

Each Channel IFL 0 

Input Current, High Level 

Each Channel IFH 6.3' 

Supply Voltage. Output VCC 4.5 

Fan Out (TTL Load) 

Each Channel N 

Operating Temperature TA 0 

Max. 

250 

10 

5.5 

8 

70 

Absolute Maximum Ratings 
(No derating required up to 70°C) 

0.33 (.013~ 

Units 

JJA 

mA 

V 

°c 

Storage Temperature ................. -55°C to +125°C 
Operating Temperature .................. DoC to +70°C 
Lead Solder Temperature ................. 260°C for 10s 

(1.6mm below seating plane) 
Peak Forward Input 

Current (each channel) ..... 20 mA « 1 msec Duration) 
Average Forward Input Current (each channel) ..... 10 mA 
Reverse Input Voltage (each channel) . . . . . . . . . . . . . . .. 5V 
Supply Voltage - VCC .......... 7V (1 Minute Maximum) 
Output Current - 10 (each channel) .............. 16 mA 
Output Voltage - Va (each channel) ................ 7V 
Output Collector Power Dissipation ............. 60 mW 

*6.3mA condition permits at least 20% CTR degradation guardband. 
Initial switching threshold is 5mA or less. 
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Electrical Characteristics 
OVER RECOMMENDED TEMPERATURE (TA = O°C TO 70°C) UNLESS OTHERWISE NOTED 

Parameter Symbol Min. Typ.* Max. Units 

High Level Output Current 10H 50 250 pA 

Low Level Output Voltage VOL 0.5 0.6 V 

High Level Supply Current ICCH 14 30 mA 

Low Level Supply ICCL 26 36 mA 

Input - Output "-0 1.0 /1A 
Insulation Leakage Current 

Resistance (I nput·Output) RI·o 1012 n 

Capacitance (I nput·Output) CI·O 0.6 pF 

Input Forward Voltage VF 1.5 1.75 V 

Input Reverse Breakdown BVR 5 .V 

Voltage 

I nput Capacitance CIN 60 pF 

Input-Input Insulation I,., 0.005 /1A 
Leakage Current 

Resistance (lnput·lnput) RI_I 10" n 

Capacitance (Input·lnput) C'.I 0.25 pF 

Current Transfer Ratio CTR 700 % 

° • All typical values are at VCC = 5V, T A = 25 e 

Switching Characteristics at TA = 25°C I Vcc = SV 
EACH CHANNEL 

Parameter Symbol Min. Typ. Max. Units 

Propagation Delay Time to tpLH 55 75 ns 

High Output Level 

Propagation Delay Time to tpHL 40 75 ns 

Low Output Level 

Output Rise·Fall Time (1 ()"'90%) tr, tf 25 ns 

Common Mode Transient CMH 50 V 1/15 
Immunity at High Output level 

Common Mode Transient CM L -150 V l/1s 
I mmunity at low Output level 

Test Conditions 

Vec = 5.5V, Vo = 5.5V, 

IF = 250pA 

VCC = 5.5V, IF = 5mA 

10L (Sinking) = 13mA 

Vec = 5.5V, IF = 0 
(Both Channels) 

VCC = 5.5V. IF = 10mA 
(Both Channels) 

Relative Humidity = 45% 

TA = 25°C, t = 5s, 
V 1-0 = 3000Vdc 

VI·O = 500V, T A = 25°C 

f = lMHz, T A = 25°C 

IF = 10mA, T A = 25°C 

IR = lOpA, TA = 25°C 

VF=O,f=lMHz 

Relative Humidity = 45%, 
t=5s, V'.I=500V 

VI-! = 500V 

f = lMHz 

IF = 5.0mA, RL = lOOn 

Test Conditions 

RL = 350 n, CL = 15pF, 

IF = 7.5mA 

RL = 350 n, CL = 15pF, 

IF = 7.5mA 

RL = 350 n, CL = 15pF, 

IF = 7.5mA 

VCM = 10Vp_p, 

RL=350n, 
Vo (min.) = 2V, IF = OmA 

VeM = lOVp_p• 

RL = 350n, 

Vo (max.) = O.SV 

IF = 7.5mA 

Figure 

3 

4 

2 

Figure 

5,6 

5,6 

8 

8 

NOTE: It is essential that a bypass capacitor (.Ol"F to O.l"F, ceramic) be connected from pin 8 to pin 5. Total lead length between both 
ends of the capacitor and the isolator pins should not exceed 20mm. Failure to provide the bypass may impair the switching prop­
erties. 
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NOTES: 

1. The tpLH propagation delay is measured from the 3.75 mA pOint 
on the trailing edge of the input pulse to the 1.5V point on the trail­
ing edge of the output pulse. 

2. The tpHL propagation delay is measured from the 3.75 mA point 
on the leading edge of the input pulse to the 1.5V point on the 
leading edge of the output pulse. 

3. Each channel. 
4. Measured between pins 1, 2,3, and 4 shorted together, and pins 5, 6, 

7, and 8 shorted together. 

5. Common mode transient immunity in Logic High level is the maxi· 
mum tolerable (positive) dV CM/dt on the leading edge of the com­
mon mode pulse, VCM. to assure that the output will remain in a 
Logic High state (i.e., VO>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, VCM, to assure 
that the output will remain in a Logic Low state (Le., VO<O.8V). 

6. DC Current Transfer Ratio is defined as the ratio of the output col· 
lector current to the forward bias input current times 100%. 

7. At 10mA VF decreases with increasing temperature at the rate of 
1.9mVrC. 

8. Measured between pins 1 and 2 shorted together, and pins 3 and 4 
shorted together. 
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HEWLETT I PACKARD 

COMPONENTS 

LOW INPUT CURRENT, 
HIGH GAIN OPTICALLY 

COUPLED ISOLATORS 
6N138 (5082 -4370) 
6N139 (5082 -4371) 

TECHNICAL DATA APRIL 1978 

OUTLINE DRAWING* 1 SCHEMATIC 

TYPE 
NUMBER 

"'--~-'-;::::=='T 

f •. ,oL g:m~l 
~~ 6.60-(.260) ANODE]2 'F 

Vee 
8 

! Icc 

Features 

DATE 
CODE 1,88 (.310) 

• HIGH CURRENT TRANSFER RATIO - 800% TYPICAL 
• LOW INPUT CURRENT REQUIREMENT - O.SmA 
• TTL COMPATIBLE OUTPUT - 0.1V VOL 
• 3000 Vdc INSULATION VOLTAGE 
• HIGH COMMON MODE REJECTION - 500V/~s 
• PERFORMANCE GUARANTEED OVER TEMPERATURE 

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

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

OF UNDERWRITERS LABORATORIES, INC. 
(FILE NO. ESS361) 

Description 
These high gain series isolators use a Light Emitting Diode and 
an integrated high gain photon detector to provide 3000V de 
electrical insulation, 500V/J.(s 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 Vee 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 6N 139 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 6N138 is suitable for use mainly in TIL applications. 
Current Transfer Ratio is 300% minimum over 0-70°C for an 
LED current of 1.6mA [1 TTL unit load (U.L.)]. A 300% 
minimum CTR enables operation with 1 U.L. in, 1 U.L. out 
with a 2.2 krl pull-up resistor. 

'JEDEC Registered Data. 184 
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Applications 

1 
"Il 

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

• Low I nput Current Line Receiver - Long Line or Partyline 

• EIA RS-232C Line Receiver 

• Telephone Ring Detector 

• 117 V ac Line Voltage Status Indicator - Low Input 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 lOs 

(1.6mm below seJting 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 

(';;; 1J.(s pulse width, 300 pps) 
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 - Vee (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, following page. 



Electrical specifications 
OVER RECOMMENDED TEMPERATURE (TA= QOC to 70°C), UNLESS OTHERWISE SPECIFIED 

Parameter Sym. Device Min. Typ."" Max. 

SN139 
400 800 

Current Transfer Ratio CTR* 500 900 

SN138 300 600 

0.1 0.4 
Logic Low 

VOL 
SN139 0.1 004 

Output Voltage 0.2 004 
SN138 0.1 0.4 

Logic High 
10H* 

6N139 0.05 100 
Output Current 0.1 250 6N138 

Logic Low 
ICCL 0.2 

SupplV Current 

Logic High 
ICCH 10 Supply Current 

Input Forward Voltage VF' 1.4 1.7 

Input Reverse 
BVR* 5 V Breakdown Voltage 

Temperature Coefficient AVF -1.8 
of Forward Voltage AlA 
Input Capacitance CIN 60 

Input - Output 
Insulation Leakage 11·0* 1.0 
Current 

Resistance 
RI-O 10" 

(J nput-Outpull 

Capacitance 
CI-O 0.6 

(I nput-Output) 

• ·AII typicals at TA = 25°C and VCC = 5V, unless otherwise noted. 

switching Specifications 
AT TA= 25°C 

Parameter Sym. Device Min. Typ. Max. 

Propagation Delay Time 
6N139 

5 25 
To Logic Low at Output tPHL* 0.2 1 

6N138 1 10 

6N139 
5 60 

Propagation Delay Time tPLH* 1 7 
To Logic High at Output 6N138 4 35 

Common Mode Transient 
Immunity at Logic High CMH 500 
Level Output 

Common Mode Transient 
Immunity at Logic Low CML -500 
Level Output 

NOTES: 

1. Derate linearlv above 50°C free-air temperature at a rate of 0.4mArC. 
2_ Derate linearly above 50°C free-air temperature at a rate of O. 7mWf' C. 
3. Derate linearly above 25°C free-air temperature at a rate of 0.7mAf'C. 
4. Derate linearly above 25°C free-air temperature at a rate of 2.0mWf'C. 

Units Test Conditions Fig. 

% 
IF - 0.5mA, Vo ~ OAV, VCC - 4.5V 
IF ~ l.SmA. Vo = 0.4V, VCC=4.5V 3 

0-

'" 
IF - I.SmA, Vo - OAV, VCC -4.5V 

IF = I.SmA, 10 - S.4mA, VCC=4.5V 
V IF = 5mA, 10 = 15mA, VCC = 4.5V 

IF = 12mA, 10 = 24mA, VCC ~ 4.5V 
1,2 

V IF ~ l.SmA, 10 - 4.8mA, VCC - 4.5V 

/lA IF ~ OmA, Va = VCC = 18V 
/JA IF -OmA, VO= VCC= 7V 

mA IF = l.SmA, Va = Open, VCC = 5V 

nA IF = OmA, Va = Open, VCC = 5V 

V IF = I.SmA, TA = 25°C 4 

IR = 10/lA, TA=25°C 

mvtC IF = 1.6mA 

pF 1=1 MHz, VF = 0 

45% Relative Humidity, T A = 25° C 
/JA 

t = 5 s, VI_O = 3000Vdc 

n VI_O = 500Vdc 

pF f=lMHz 

Units Test Conditions Fig. 

/lS IF - 0.5mA, RL = 4.7kn 
IF = 12mA, RL = 270n 9 

/JS IF= I.SmA, RL 2.2kn 

IF - 0.5mA, RL - 4.7kn 
/lS IF = 12mA, RL = 270n 9 
/lS IF - 1.6mA. RL - 2.2kn 

IF = OmA. R L = 2.2kn. RCC = 0 
V//Js 

IVcml= 10Vp_p 
10 

IF = I.SmA. R L = 2.2kn, RCC = 0 
V//Js 

Ivcml= 10Vp-p 
10 

Note 

5,6 

S 

S 

6 

6 

7 

7 

7 

Note 

6,8 

6.8 

9.10 

9.10 

5. DC CURRENT TRANSFER RATIO is defined as the ratio of output collector current. 10. to the forward LED input current. IF. times 100%. 
6. Pi n 7 Open. 
7. Device considered a two-terminal device: Pins I, 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) dVcm/dt on the leading edge of the common mode 

pulse, Vem. to assure that the output will remain in a Logic High state (j.e .• Vo > 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, Vem' to assure that the output will remain 
in ~ Logic Low state (j.e., Va < 0.8V). 

10. In applications where dVldt may exceed 50,OOOV/IIS (such as static discharge) a series resistor. RCC. should be included to protect 
the detector IC from destructively high surge currents. The recommended value is RCC '" IV kil. 

0.15 IF (mA) 

*JEDEC Registered Data. 185 
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Figure 9. Switching Test Circuit.* 

VeM 1 tr. tf = 16ns 

'.~ , ..... 90%-

Vo ----""'~;;;_------_ 5V 

SWITCH AT A: IF'" OmA 

Vo ------------~VOL 
S'NITCH AT 8: IF= 5mA 

A 

VeM 

HP1900A 
PULSE GEN. 

Figure 10. Test Circuit for Transient Immunity and Typical Waveforms. 
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'JEDEC Registered Data. "See Note 10 
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HEWLETT' PACKARD 

COMPONENTS 

DUAL 
LOW INPUT CURRENT, 

HIOH OAIN OPTICALLY 
COUPLED ISOLATORS 

HCPl·2130· 
HCPl·2731 

TECHNICAL DATA APRIL 1978 

OUTLINE DRAWING SCHEMATIC 

\ TYPE 
NUMBER 

DATE 
CODE 

0.18 (.oon 
o:33T.Di3i 

DIMENSIONS IN MILLIMETRESAND (INCHES) 

t 4.10 (.185) MAX. 

PIN I I .:::- I ~
-+ 

ONE! 0.51 (.020) MIN. 

.. o.~~l 'I- =r::'5IMIN. 
! i 2.28 (.090) 

. r---r-2.80 1.1101 

Features 
• HIGH CURRENT TRANSFER RATIO - 1000'10 TYPICAL 
• LOW INPUT CURRENT REQUIREMENT - 0.5 mA 
• LOW OUTPUT SATURATION VOLTAGE -1.0V TYPICAL 
• HIGH DENSITY PACKAGING 
• 3000V DC INSULATION VOLTAGE 
• PERFORMANCE GUARANTEED OVER DoC TO 70°C 

TEMPERATURE RANGE 
• HIGH COMMON MODE REJECTION 
• DATA RATES UP TO 200K BIT/s 
• HIGH FANOUT 
• RECOGNIZED UNDER THE COMPONENT PROGRAM OF 

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

Description 

Applications 
• Digital Logic Ground Isolation 

• Telephone Ring Deteclor 

• EIA RS-232C Line Receiver 

• Low Input Current Line Receiver - Long Line or Partyllne 

• Microprocessor Bus Isolation 

• Currenl Loop Receiver 

• Polarity Sensing 

• Level Shifting 

• Line VoUage Status Indicator - Low input Power Dissipation 

The HCPL-2730/31 dual channel isolators contain a separated pair of GaAsP light emitting diodes optically coupled to a 
pair of integrated high gain photon detectors. They provide extremely high current transfer ratio, 3000V de electrical 
insulation and excellent input-output common mode transient immunity. A separate pin forthe photodiodes and first gain 
stages (Vee) permits lower output saturation voltage and higher speed operation than possible with conventional 
photodarlington type isolators. The separate Vee pin can be strobed low as an output disable. In addition Vee may be as 
low as 1.6V without adversely affecting the parametric performance. 

Guaranteed operation 'at low input currents and the high current transfer ratio (CTR) reduce the magnitude and effects of 
CTR degradation. 

The outstanding high temperature performance of this split Darlington type output amplifier results from the inclusion of 
an integrated emitter-base bypass resistor which shunts photodiode and first stage leakage currents to ground. 

The HCPL-2731 has a 400% minimum CTR at an input current of only 0.5 mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic interfacing or RS232C data transmission systems. In addition, the 
high CTR and high output current capability make this device extremely useful in applications where a high fanout is 
required. Compatibility with high voltage CMOS logic systems is guaranteed by the 18VVee and Vo specifications and by 
testing output high leakage (IOH) at 18V. 

The HCPL-2730 is specified at an input current of 1.6mA and has a 7V Vee and Vo rating. The 300% minimum CTR allows 
TTL to TTL interfacing with an input current of only 1.6 mAo 

I mportant specifications such as CTR, leakage cu rrent and output satu ration voltage are guaranteed over the O· C to 70· C 
temperature range to allow trouble-free system operation. 
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Electrical Specifications 
(Over Recommended Temperature TA = GOG to 7GoG, Unless Otherwise Specified) 

Device 
Parameter Sym. 

HCPL· Min. Typ.* Max. Units Test Conditions Fig. Note 

400 1000 IF ~ O,5mA, Vo ~ OAV, Vcc 0 4.5V 
2731 % 2 Current Transfer Ratio eTR sao 1100 IF" 1.6mA, Vo "OAV, Vec "4.5V 6,7 

2730 300 1O00 % IF" 1.6mA. Va "OAV, Vee" 4.SV 2 

0.1 004 IF ~ 1.6mA,10 0 SmA, Vee~4.SV 

logic Low 2731 0.1 004 V IF ~ SmA. 10 ~ ISmA, Vee" 4.5V 1 6 
Output Voltage VOL 0.2 0.4 IF 0 12mA, 10" 24mA, Vee e 4.5V 

2730 0.1 0.4 V IF " 1.6mA, 10 0 4.BmA, Vec "4.5V 

Logic High 2731 O.OOS lOa /1A IF 0 a rnA, Vo 0 Vee lav 
10H 6 

Output Current 2730 0.01 250 /1A 'F 0 OmA, Vo 0 Vee 0 7V 

Logic Low 2731 1.2 'Ft 0 IF2 o1.6mA Vee 0 18V 

Supply Current 
leeL mA 

2730 0.9 VOt "V02 0 Open Vee" 7V 

Logic High 2731 5 IF1 - IF2 ~ OmA Vee -Iav 
ICCH nA 

Supply Current 2730 4 VOt ~ V02 "Open Vee" 7V 

Input Forward Voltage VF 1.4 1.7 V IF ~ 1.6mA, TA ~ 2S"C 4 6 

Input Reverse Breakdown 
BVR 5 V IR e l0 MA, TA~2SoC 

Voltage 

Temperature Coefficient ",VF 
mVI"e 

of Forward Voltage LlTA 
-1.8 'F ~ 1.6mA 6 

Input Capacitance C'N 60 pF f~ 1 MHz, VF ~O 6 

Input-Output Insulation 
1,,0 1.0 JlA 

45% Relative Humidity, TA o 25"e 

leakage Current t" 55, V ,.0 " 3000Vdc 
8 

Resistance 

(lnput·Output) R,.o lO t2 Q V,.O o500Vdc 8 

Capacitance 

(lnput·Output) C'.D 0.6 pF f 0 1 MHz 8 

Input-Input "., 0.005 !1A 
45% Relative Humidity, t:l::5$, 

9 Insulation Leakage Current V,., = SOOVdc 

Resistance 
10lt 

(lnput,lnput) 
R,_, n V,., ~ SOOVdc 9 

Capacitance 

(Input· Input) 
C,_, 0.25 pF f 01 MHz 9 

Switching Specifications at TA =25°C 
Parameter Sym. 

Device 
HCPL· 

Min. Typ. 

Propagation Delay Time 2731 2S 

To Logic Low tPHL 5 

at Output 
273011 

0.5 

Propagation Delay Time 2731 20 

To Logic High tPLH 10 

at Output 
2730/1 

1 

Common Mode 

Transient Immunity at CMH SOD 

Logic High Leve' Output 

Common Mode 
Transient Imrnunity at CM L -500 

Logic Low Level Output 

NOTES: 1. Derate linearly above 500 e free-air temperature at a rate of O.SmA/oe. 
2. Derate linearly above 50° e free-air temperature at a rate of 0.9mW r C. 
3. Derate linearly above 35°C free-air temperature at a rate of 0.6mArC. 
4. Pin 5 should be the most negative voltage at the detector side. 
5. Derate linearly above 3ffe free-air temperature at a rate of 1.7mWrC. 

Output power is collector output power plus supply power. 
6. Each channel. 
7. CURRENT TRANSFER RATIO is defined as the ratio of output 

collector current, '0, to the forward LED input current, IF. times 100%. 
8. Device considered a two-terminal device: Pins 1,2, 3,and 4 shorted 

together and Pins 5, 6, 7, and 8 shorted together. 
9. Measured between pins 1 and 2 shorted together, and pins 3 and 4 

shorted together. 

Max. Units Test Conditions Fig. Note 

100 

20 

2 

60 

35 

10 
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MS IF "O.SmA, RL "4,7kQ 

'F 0 1.6mA, RL - 2.2kQ 9 
/15 

IF = 12mA, RL o 270Q 

j.15 IF = O.SmA, RL - 4.7kQ 

'F " 1.6mA, RL " 2.2kQ 9 

IF ~ 12mA, RL " 270Q 

VIi'S 
'F 0 OmA, RL = 2.2Hl 

10 10,11 
IVCM I ~ lOVp.p 

VI/15 
I F ~ 1.6mA, RL ~ 2.2kQ 

10 10,11 
IVCM I = 10Vp-p 

10. Common mode transient immunity in Logic High level is the maximum 
tolerable (positive) dVCM/dt on the leading edge of the common mode 
pulse VeM, to assure that the output will remain in Logic High state 
O.e., Va > 2.0V). Common mode transient i!TImunity in Logic Low 
level is the maximum tolerable inegative} dVCM dt on the trailing edge 
of the common mode pulse signal, VCM, to assure that the output will 
remain in a Logic Low state (Le., Vo < 0.8V). 

11. In applications where dV!dt may exceed 50,000 V/p.s (such as a static 
discharge) a series resistor, Ree, should be included to protect the 
detector Ie from destructively high surge currents. The recommended 
value is R "" __ '_V __ kn. 

ec 0.3' F (mAl 



Absolute Maximum Ratings 
Storage Temperature .......... -55°C to +125°C 
Operating Temperature ......... -40° C to +85° C 
LeadSolderTemperature ....•.. 260°Cfor10sec 

C1.6mm below seating plane) 
Average Input Current -- IF 

(each channel) ..•.....•............ 20mA I1 ) 
Peak Input Current -- IF 

(each channel) . . . • . . . • . . . • . . . . . . . . . .. 40 rnA 
(50% duty cycle, 1 ms pulse width) 

Reverse Input Voltage -- VR 
(each channel) ..........•............... 5V 

.. 
6 1400 

>= 

Input Power Dissipation 
(each channel) . . . . . . . . . . . . . . . . . . .. 35 mW [2) 

Output Current -- 10 
(each channel) . . . . . . . • . . . . . .• . . . •. 60 rnA [3) 

Supply and OutputVoltage-- Vee (Pin 8-5), Vo (Pin 
7,6-5)[4) 
HCPL-2730 ..............•.......•• -0.5 to 7V 
HCPL-2731 •..............••...... -0.5to 18V 

Output Power Dissipation 
(each channel) . . . • . . • . • . . • . . . . . .. 100 mW[5) 

1 
I 

1 
I ~ 12ool---+l'7"""'I''Io.:>-'''t7. 

~ 
a: 
a: 
::0 
u 
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Figure 1. DC Transfer Characteristics. 
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HEWLETT II PACKARD 

COMPONENTS 

LOW INPUT CURRENT, 
HIGH GAIN 

OPTOCOUPLER 
4N45 
4N46 

ANODE~' ',- ~-,o 6 + _ Yo 
V, _ 

CATHODE; 

aND 

• 
• Va 

Schematic 

Features 
• HIGH CURRENT TRANSFER RATIO -

1000% TYPICAL 
• LOW INPUT CURRENT REQUIREMENT -

0.5mA 
• 3000 Vdc INSULATION VOLTAGE 
• PERFORMANCE GUARANTEED OVER O°C TO 

70°C TEMPERATURE RANGE 
• RECOGNIZED UNDER THE COMPONENT 

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

• INTERNAL BASE-EMITTER RESISTOR 
MINIMIZES OUTPUT LEAKAGE 

• GAIN-BANDWIDTH ADJUSTMENT PIN 
• HIGH COMMON MODE REJECTION 

Description 
The 4N45/46 optocouplers contain a GaAsP light emitting 
diode optically coupled to a high gain photodetector IC. 

The excellent performance over temperature results from 
the inclusion of an integrated emitter-base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. External access to the second stage base 
provides better noise rejection than a conventional 
photodarlington detector. An external resistor or capaci­
tor at the base can be added to makea gain-bandwidth or 
input current threshold adjustment. The base lead can 
also be used for feedback. 

The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 

The 4N46 has a 350% minimum CTR at an input current of 
only 0.5mA making it ideal for use in low input current 
applications such as MOS, CMOS and low power logic 
interfacing. Compatibility with high voltage CMOS logic 
systems is assured by the 20V minimum breakdown 
voltage of the output transistor and by the guaranteed 
maximum output leakage (IOH) at 18V. 

The 4N45 has a 250% minimum CTR at 1.0mA input 
current and a 7V minimum breakdown voltage rating. 
• JEDEC Registered Data. 
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~~~;1 ~~ "0~ t 
~':" ~r 'ii-: -':===g-~~tfi 
~ YXX Rl so TYP • 

UL ~;;i.~=~5:::===:;;;:;;;::::: RECOGNITION 

------. ~. 4.70(.185) ANODE 1 6 V . I I ..L MAX. • 

I " ~ CATHODE 2 \\ 5 Va 
0.51t.0201 
ffif.OiiOi J 3 4 GNO 

j. 1 2.68(.1051 

'~~<.!!!!MIN' 
2.16 (.085) 0.65 (.026) 

2.541.100) ~(.09Q' 
2.801.110) 

OIMENSIONS IN MILLIMETERS AND UfoIClfES), 

Outline Drawing* 

Applications 
• Telephone Ring Detector 
• Digital Logic Ground Isolation 
• Low Input Current Line Receiver 
• Line Voltage Status Indicator Low Input Power 

Dissipation 
• Logic to Reed Relay Interface 
• Level Shifting 
• Interface Between Logic Families 

Absolute Maximum Ratings* 
Storage Temperature ............... -55°Cto+125°C 
Operating Temperature ........•.••. -40°C to +70°C 
Lead Solder Temperature .............. 260° C for lOs. 

(1.6mm below seating plane) 
AveragelnputCurrent-IF .....•........... 20mA[1] 
PeaklnputCurrent-IF ................•..... 40mA 

(50% duty cycle, lms pulse width) 
Peak Transient Input Current -IF .............•. 1.0A 

(..;;1 ps pulse width, 300pps) 
Reverse Input Voltage - VR ....................... 5V 
Input Power Dissipation .................... 35mW[2] 
Output Current -10 (Pin 5) ........•........ 60 mA[3] 
Emitter-Base Reverse Voltage (Pins 4-6) .. . . . . . .. 0.5V 

Output Voltage - Vo (Pin 5-4) 
4N45 ................................... -0.5 to 7V 
4N46 ............•............•.••..... -0.5t020V 

Output PowerDissipation ................. 100mW[4] 
See notes, following page 
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Electrical Specifications 
OVER RECOMMENDED TEMPERATURE (TA = O°C TO 70°C), UNLESS OTHERWISE SPECIFIED 

Parameter Sym. Device Min. Typ.·· Max. Units Test Conditions Fig. Note 

350 1500 IF: 0.5mA, Vo : 1.0V 
Current Transfer Ratio CTR* 4N46 500 1500 % IF = 1.0mA, Vo : 1.0V 

200 600 IF: 10mA, Vo = 1.2V 4 5,6 

4N45 250 1200 % IF: 1.0mA, Vo : 1.0V 
200 500 IF = lOmA, Vo = 1.2V 

.90 1.0 IF = 0.5mA, IOL = 1.75mA 
4N46 .92 1.0 V IF = 1.OmA, IOL = 5.0mA 

Logic Low Output VOL .95 1.2 IF = lOrnA, IOL = 20mA 2 6 
Voltage 4N45 .90 1.0 V IF = 1.0mA, IOL = 2.5mA 

.95 1.2 IF = lOrnA, IOL = 20mA 

Logic High Output 4N46 .001 100 p.A IF =OmA, Va = lSV 
6 

Current IOH' 
4N45 .001 250 p.A IF = OmA, Vo : 5V 

Input Forward Voltage VF* 1.4 1.7 V IF = 1.0mA, TA: 2SQ C 1 

Temperature Coefficient lIVF -l.S mVfC IF = 1.0mA 
of Forward Voltage --

lITA 

Input Reverse Breakdown BVR* 5 V IR = 101'A, TA = 2SoC 
Voltage 

Input Capacitance CIN 60 pF f = 1 MHz, VF = 0 

input-Output Insulation 11-0' 1.0 MA 45% Relative Humidity, TA=25°C 7 
Leakage Current t = 5 s, VI...() = 3000VDC 

Resistance (lnput...()utput) RI_O 1012 f! V,_O = 500VDC 7 

Capacitance CI-O 0.6 pF f - lMHz 7 
(Input-Output) 

Switching Specifications 
AT TA = 25°C 

Parameter Symbol Min. Typ.·' Max. Units Test Conditions Fig. Note 

Propagation Delay Time To tPHL 80 I'S IF = 1.0mA, RL = 10k!1. 8 6,S 
Logic Low at Output tpHL' 5 50 p.s IF = 10mA,RL = 220f! 

Propagation Delay Time To tpLH 1500 1'5 IF = 1.0mA, RL = 10kf! B 6,B 
Logic High at Output 

tPLH* 150 500· p.s IF = lOrnA, RL = 220!1. 

Common Mode Transient CMH 500 VII's IF: OmA, RL = 10kfl 9 9 
Immunity at Logic High IVcml: 10Vp_p 
Level Output 

Common Mode Transient CML -500 VII's IF: 1.OrnA, RL = 10kf! 9 9 
Immunity at Logic Low IVeml = 10Vp_p 
Level OUlput 

'JEDEC Registered Dala. 
"AII typicals at TA = 25°C, unless otherwise noted. 

NOTES: 

1. Derate linearly above 50° C free-air temperature al a rale of 0.4mAf C. 
2. Derate linearly above 50° C free-air temperature at a rate of 0.7mWfC. 
3. Derate linearly above 25°C free-air temperature at a rate of O.SmAfC. 
4. Derate lirearly above 25° C free-air temperature at a rate of 1.5mWf C. 
5. DC CURR ENT TRANSFER RATIO is defined as the ratio of OUlput collector current, 10, to the forward LED inpul current, IF, times 

100%. 
6. Pin 6 Open. 
7. Device considered a two-terminal device: Pins 1, 2, 3 shorted together and Pins 4, 5, and 6 shorted together. 
8. Use of a resistor between pin 4 and 6 will decrease gain and delay time. (See Figures 10 and 12). 
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, V cm, to assure that Ihe output will remain in a Logic High slate O.e., Va > 2.5V). Common mode transient immunily in 
Logic Low level is the maximum tolerable (negative) dVcm/dt on Ihe trailing edge of the common mode pulse signal, Vcm, to assure 
that the output will remain in a Logic Low state O.e., Vo < 2.5V). 
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Figure 10. External Base 
Resistor, RX 
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4N46 Vee 

75 k,n 

TELEPHONE{ lN914 
LINE 

0-01--~-I 
O.lIlF 

NOTE: AN INTEGRATOR MAY BE REQUIRED AT THE OUTPUT TO 
ELIMINATE DIALING PULSES AND LINE TRANSIENTS. 

Telephone Ring Detector 

I (> 0.5 rnA - 4N46) j F > 1.0mA-4N45 

CMOS Interface 

CHARACTERISTICS 

RIN"" 30Mn, ROUT"" 60n 

Vee (~~ ~~~~ - 4N46) 

VIN(MAX.)" Vee, -1V. LINEARITY BETTER THAN 6% 

DESIGN COMMENTS 

R1 _ NOT CRITICAL «< VIN (MAX,) - (-VCC 1) -VBE)hFE OJ 
IF (MAx') 

R2 - NOT CRITICAL (OMIT IF 0.2 TO O.3V OFFSET IS TOLERABLE) 

VIN (MAX.) + VeE 
R4> 1 rnA 

VIN (MAX.) 
Rs> 2.5rnA 

NOTE: ADJUST AJ SO VOUT '" VIN AT VIN = VIN (MAX,) 
2 

Va 



HEWLETTifi PACKARD 

COMPONENTS 

DUAL CHANNEL 
HERMETICALLY 

SEALED OPTICALLY 
COUPLED ISOLATOR 

6N134 (5082 -4365) 
6Nl34 TXV (TX - 4365) 
6N134 TXVB (TXB - 4366) 

+~ 
V~'J~ 

NOTE: 
A .01 TO O.lj.!F BYPASS CAPACITOR MUST BE 
CONNECTED BETWEEN PINS 15 AND 10. 

Features 

L-___ +--4-__ 'O'O GND 

• HERMETICALLY SEALED 
• HIGH SPEED 
• PERFORMANCE GUARANTEED OVER -55°C TO 

+125°C AMBIENT TEMPERATURE RANGE 

• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 

• TTL COMPATIBLE INPUT AND OUTPUT 
• HIGH COMMON MODE REJECTION 
• DUAL-IN-LINE PACKAGE 
• 1500Vdc INSULATION VOLTAGE 

• EIA REGISTRATION 
• HIGH RADIATION IMMUNITY 

Applications 
• Logic Ground Isolation 
• Line Receiver 
• Computer - Peripheral Interface 
• Vehicle Command/Control Isolation 
• High Reliability Systems 
• System Test Equipment Isolation 

Description 
The 6N134 consists of a pair of inverting optically coupled 
gates, each with a light emitting diode and a unique high gain 
integrated photon detector in a hermetically sealed ceramic 
package. The output of the detector is an open collector 
Schottky clamped transistor. 

This unique dual isolator design provides maximum DC and 
AC circuit isolation between each input and output while 
achieving TTL circuit compatibility. The isolator operational 
parameters are guaranteed from -55°C to +125°C, such that a 
minimum input current of 10 mA in each channel will sink a 
six gate fanout (10 mAl at the output with 4.5 to 5.5 V VCC 
applied to the detector. This isolation and coupling is achieved 
,with a typical propagation delay of 55 nsec. 

• JEDEC Registered Data. 196 
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OUTLINE DRAWING* 
DATECODE~ r TYPE {'. V. VB 1 

hp XXX yy t 
8.13 (.3201 

19 6N134 T 
! 

PIN l!OENTIFIER 

\' 20.00 l1.W _I 4.32\.1701 
20.83(.a20'--~- MtX. ViR1iRt1n .. ,,~,--.£MIN 

I I .=rr ........ 1' ; 2.2' W&QI 0.511.020{ _11_ -r- 2.79 (.110) MAX, 

M1(:I501 
MIN. 

DIMENSIONS IN MILLiMETRES AND {INCHES!. 

Recommended Operating 
Conditions 
TABLE I 

Sym. Min. 

lnput Current, Low Level 

Each Channel IFL 0 

Input Current, High Level 

Each Channel IFH 12.5" 

Supply Voltage VCC 4.5 

Fan Out (TTL Load) 

Each Channel N 

Operating Temperature TA -55 

Max. 

250 

20 

5.5 

6 
125 

Absolute Maximum Ratings* 
(No derating required up to 125°C) 

11 

GND 10 

Units 

/lA 

mA 

V 

°c 

Storage Temperature ................. -65°C to +150°C 
Operating Temperature ............... -55°C to +125°C 
Lead Solder Temperature. . . . . . . . . . . . . . .. 260°C for 10s 

Peak Forward Input 
(1.6mm below seating plane) 

Current (each channel) ......• 40 mA (.;;; 1 ms Duration) 
Average Input Forward Current (each channel) ..... 20 mA 
Input Power Dissipation (each channel) ........... 35 mW 
Reverse Input Voltage (each channel) . . . . . . . . . . . . . . .. 5V 
Supply Voltage - VCC ........................... 7V 
Output Current - 10 (each channel) . . . . . . . . . . . . .. 25 mA 
Output Power Dissipation (each channel) ........ " 40 mW 
Output Voltage - Va (each channel) . . . . . . . . . . . . . . . .. 7V 
Total Power Dissipation (both channels) ......... 350 mW 
·'12.5mA condition permits at least 20% CTR degradation guard band. 
Initial switching threshold is lOrnA or less . 



TABLE II 

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

Parameter Symbol Min. Typ.** Max. Units Test Conditions Figure Note 

High Level Output Current IOH * 5 250 pA Vcc = 5.5V, Vo = 5.5V, 1 

IF = 250pA 
Low Level Output Voltage VOL * 0.5 0.6 V Vcc = 5.5V, IF = lOrnA 1 

4 
10L (Sinking) = lOrnA 

High Level Supply Current ICCH * 18 28 rnA Vcc = 5.5V, IF = 0 
(Both Channels) 

Low Level Supply Current ICCL * 26 36 rnA VCC - 5.5V, IF = 20mA 
(Both Channels) 

Input Forward Voltage VF* 1.5 1.75 Y IF = 20mA, TA = 25°C 1 1 

Input Reverse Breakdown BVR * 5 V IR = 10pA, TA = 25°C 

Voltage 

I nput Capacitance CIN 60 pF VF = 0, f = lMHz 1 

Input Diode Temperature AVF -1.9 mV/oC IF = 20mA 1 

Coefficient ATA 

Input - Output 11·0 * 1.0 J.lA 
VI _ 0 - 1500Vdc, 

2 Relative Humidity = 45% 
Insulation Leakage Current TA = 25°e, t = 5s 

Resistance (I nput-Output) RI·O 1012 on VI-O = 500V 3 

Capacitance (Input-Output) CI-O 1.7 pF f=lMHz 3 

Input-Input Insulation II-I 0.5 nA Relative Humidity = 45%, '4 
Leakage Current VI_I=500V, t=55 

Resistance (Input-Input) RI_I 1012 on VI_I = 500V 4 

Capacitance (Input-Input) CI_I 0.55 pF f= lMHz 4 

TABLE III 
""All typical values are at VCC = 5V, TA = 25°C 

Switching Characteristics AT TA = 25°C, Vee = 5V EACH CHANNEL 

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note 

Propagation Delay Time to tpLH * 65 90 ns RL = 510on, CL = 15pF, 2,3 5 

High Output Level IF = 13mA 

Propagation Delay Time to tpHL * 55 90 RL = 510on, eL = 15pF 2,3 6 ns 

Low Output Level IF = 13mA 

Output Rise-Fall Time t r, tf 35 ns. RL = 510n, CL = 15pF 

(10-90%) IF = 13mA 

Common Mode CMH 100 VIps VCM = 10V (peak). 6 7 

Transient Immunity Va (min.) = 2V, 

at High Output Level RL = 510n, IF = OmA 

Common Mode CML -400 Vips VCM = 10V (peak). 6 8 

Transient Immunity Vo(max.) = 0.8V, 

at Low Output Level RL = 510n, IF = 10mA 

NOTES: 
1. Each channel. 6. The tPIfL propagation delay is measured from the 6.5mA point on 
2. Measured between pins 1 through 8 shorted together and pins 9 the leading edge of the input pulse to the 1.5V point on the leading 

through 16 shorted together. edge of the output pulse. 
3. Measured between pins 1 and 2 or 5 and 6 shorted together, and 7. CMH is the max. tolerable common mode transient to assure that 

pins 9 through 16 shorted 'together. the output will remain In a high logic state (i.e., Vo > 2.0V). 
4. Measured between pins 1 and 2 shorted together, and pins 5 and 6 S. CML is the max. tolerable common mode transient to assure that 

shorted together. the output will remain In a low logic state (i ••.. V 0 < O.SV). 
5. 

!,hee t;~hrn:~~::9::i:'e ~~~~t i~u~:a:~~ ~r.':s~ ~~~n~·:~:'~~:~~i~; 9. It is essential that a bypass capacitor (.01 to 0.1jLF, ceramic) be con-
nected from p.in 10 to pin 15. Total lead length between both ends of 

edge of the output pulse. 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-38510 in order to facilitate the 
use of HP products in military programs_ 

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

tioned and screened per Table IV_ 

• The TXVB 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 TXV Preconditioning and Screening - 100% 

Exa minatlon or Test 

Commercial 
Product 

6N134 
(5082-4365) 

MIL-STD-B83 

Methods 

Part Number System 

With TX With TX 

Screening Screening 
Plus Group B 

6NI34 TXV 6NI34TXVB 
(TX-4365) (TXB-4365) 

Conditions 

1. Pre-Cap Visual Inspection HP Procedure 72-4063,4 
2. Electrical Test: 10H, VOL, ICCH, ICCL, VF, BVR, 11-0 Per Table II, T A = 25° C 
3. High Temperature Storage 1008 168 hrs. @ 150°C 
4. Temperature Cycling 1010 _65° C to +150° C 
5. Acceleration 2001 20KG, VI 
6. Helium Leak Test 1014 Test Condo A 
7. Gross Leak Test 1014 Test Condo C 
8. Electrical Test: VOL Per Table II, TA ~ 25°C 
9. Burn-In 1015 168 hrs., TA = 125"C, 

VCC=5.5V, IF=13mA, 10=25mA 
10. Electrical Test: Same as Step 2 
11. Evaluate Drift Max. LlVOL = ±20% 
12. Sample Electrical Test: 'OH, VOL, ICCH, ICCl Per Table II, LTPD=7 

TA = _55°C, +125°C 
13. Sample Electrical Test: tPLH, tPHL Per Table II, TA=25°C, LTPD=7 
14. External Visual 2009 

TABLE V, GROUP B 

MIL-STD-B83 

Examination· or Test Method Condition LTPD 
Subgroup 1 15 

Physical Dimensions 2008 See Product Outline Drawing 
Subgroup 2 20 

Solderability 2003 Immersion within 2.5mm of body, 16 
terminations 

Subgroup 3 15 
Temperature Cycling 1010 Test Condition C 
Thermal Shock lOll Test Condition A, 5 cycles 
Hermetic Seal, Fine Leak 1014 Test Condition A 
Hermetic Seal, Gross Leak 1014 Test Condition C, 

End Points: 10H, VOL, 'CCH, ICCL, VF, Per Table II, TA = 25°C 
BVR,II_O 

Subgroup 4 15 
Shock, non-operating 2002 1500 G, t = 0.5 ms, 5 blows in each orientation 

Constant Acceleration 2001 
XI, VI, V2 
20KG, VI 

End Points: Same as Subgroup 3 
Subgroup 5 15 

Terminal Strength .. tension 2004 Test Condition A, 4.5N (1 Ib.l, 15s 
Subgroup 6 

High Temperature Life 1008 TA = 150°C A= 7 
End Points: Same as Subgroup 3 

Subgroup 7 
Steady State Operating Life 1005 Vec = 5.5V, IF = 13mA, 10 = 25mA, TA = 125°C A=7 
End Points: Same as Subgroup 3 
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HEWLETTj PACKARD 

COMPONENTS 

HERMETICALLY SEALED, HCPL _ 2710 
FOUR CHANNEL, (6Nl40) 

LOW INPUT CURRENT TXVHCPL - 2710 
OPTOCOUPLER TXVBHCPL - 2170 

I" ----::;* ~ 14 
• .....---j---==--<:iVOI 

~2 

----3D 5 ~ 13 
~--+--+-"---oV02 

~3 

----:? - * ~ 12 
~--+--+-"---oV03 

~4 

----70 8V~' ~ 11 
• .....-----'-+-==---<:iV .. 

Features 

10 
'--+---+---oGND 

Schematic 

• HERMETICALLY SEALED 

• HIGH DENSITY PACKAGING 

• HIGH CURRENT TRANSFER RATIO: 500% 
TYPICAL 

• PERFORMANCE GUARANTEED OVER -55°C 
TO 100°C AMBIENT TEMPERATURE RANGE 

• STANDARD HIGH RELIABILITY SCREENED 
PARTS AVAILABLE 

• 1500 VDC INSULATION VOLTAGE 

• LOW INPUT CURRENT REQUIREMENT: 0.5 mA 

• LOW OUTPUT SATURATION VOLTAGE: 0.1V 
TYPICAL 

• LOW POWER CONSUMPTION 

• HIGH RADIATION IMMUNITY 

Applications 
• Isolated Input Line Receiver 

• System Test Equipment Isolation 

• Digital Logic Ground Isolation 

• Vehicle Command/Control Isolation 

• EIA RS-232C Line Receiver 

• Microprocessor System Interface 

• Current Loop Receiver 

• Level Shifting 
• Process Control Input/Output Isolation 
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TECHNICAL DATA APRIL 1978 

T DE I 

t 
OA ECO '---, ,TVPE -. V. VB 

hpXXX VV 

8.13 (.320) 

'i' 2770 T· 
I 

PIN 1 IDENTIFIER 

1 I 2006 !2W I 4.32(.170) 
• 20:83(:8201---· Mr· 2 
mmtn~"- , --LMIN 

~
_ 4 

! ! 5 

_I I ~!J!W 0.51 (,020) _1'1_ 6 t- 2.79(.1101 MAX. 7 

" 

~ 
~ 11 

'/ GND 10 

DIMENSIONS IN MILLIMETERS 3.81 (.1501 
AND (INCHES). MIN. 

Outline Drawing 

Description 
The HCPL-2770 contains four GaAsP light emitting 
diodes, each of which is optically coupled to a 
corresponding integrated high gain photon detector. A 
common pin for the photodiodes and first stage of each 
detector IC (VCC) permits lower output saturation voltage 
and higher speed operation than possible with conven­
tional photodarlington type optocouplers. Also, the 
separate Vcc pin can be strobed low as an output disable 
or operated with supply voltages as low as 1.6V without 
adversely affecting the parametric performance. 

The outstanding high temperature performance of this 
split Darlington type output amplifier results from the 
inclusion of an integrated emitter-.base bypass resistor 
which shunts photodiode and first stage leakage currents 
to ground. 

The high current transfer ratio at very low input currents 
permits circuit designs in which adequate margin can be 
allowed for the effects of CTR degradation over time. 

The HCPL-2770 has a 300% minimum CTR at an input 
current of only 0.5mA making it ideal for use in low input 
current applications such as MOS, CMOS and low power 
logic interfacing or RS-232C data transmission systems. 
Compatibility with high voltage CMOS logic systems is 
assured by the 18V Vcc and by the guaranteed maximum 
output leakage (IOH) at 18V. 

Important specifications such as CTR, leakage current, 
supply current and output saturation voltage are 
guaranteed over the -550 C to 1000 C temperature range to 
allow trouble free system operation. 



TABLE I 

Recommended Operating 
Conditions 

Symbol Min. Max. 

Input Current, Low Level IFL 2 
(Each Channel) 

Input Current, High Level IFH 0.5 5 
(Each Channel) 

Supply Voltage VCC 1.6 18 

TABLE II 

Units 

p.A 

mA 

V 

Absolute Maximum Ratings 
Storage Temperature ••..•.......•.. -65°Cto+150°C 

Operating Temperature .•.........•. -55° C to +100° C 
LeadSolderTernperature •.....•.•..... 260°Cfor10s. 

(1.6rnrn below seating plane) 

Peak Input Current (each channel, 
~ 1 ms duration) ............................ 20 rnA 

Average Input Current, IF (each channel) ..••... 10 rnA 

Reverse Input Voltage, VR (each channel) .•....•.• 5V 

Output Current, 10 (each channel) ..•.....•..•. 40 rnA 
Output Voltage, Vo (each channel) -0.5 to 20 Vll] 

Supply Voltage, Vee .............•.••.. -0.5t020Vll] 
Output Power Dissipation (each channel) 50 rnW12] 

Electrical Characteristics T A = -55°C to 100°C, Unless Otherwise Specified 

Parameter Symbol Min. Typ. Max. Units Test Conditions Figure Note 

300 1000 w 
N IF=0.5mA, VO=O.4V, VCC=4.5V 

Current Transfer Ratio CTR 300 750 % IF=1.6mA, VO=O.4V, VCC=4.5V 3 3,4 
200 400 % IF=5mA, VO=O.4V, VCC=4.5V 

Logic High Output Current 10H .005 250 p.A IF - 21lA 3,5 
VO=VCc=18V 

Logic Low Supply Current ICCL 2 4 rnA IF1-IF2-IF3-IF4-1.6mA 
VCC=18V 

Logic High Supply Current ICCH .010 40 pA IF1- IF2- IF3- IF4-0 
VCc=18V 

Input Forward Voltage VF 1.4 1.7 V IF-l.6mA, TA-25°C 1 3 
Input Reverse Breakdown BVR 5 V IR=l OIlA, T A=25°C 3 
Voltage 

Temperature Coefficient of t'.VF -1.8 mVtC IF = 1.6mA 3 
01 Forward Voltage t1TA 

Input Capacitance CIN 60 pF f-1MHz, VF - 0, TA 25'C 3 
Input·Output Insulation 11·0 1.0 p.A 45% Relative Humidity,TA-25Q Cr 6 
Leakage Current t = 5 s., VI.O = 1500 Vdc 
Resistance (Input-Output) RI_O lOlL n VI.O -500 Vdc, TA = 25°C 3,7 
Capacita nce (I nput-Output) CI_O 1.5 pF 1= 1 MHz, T A - 25°C 3,7 

Input· Input Insulation 11.1 0.5 nA 45% Relative Humidity, VI.I=500 Vdc, 8 
Leakage Current TA=25°C, t=5 s. 

Resistance (Input-Input) RI_I 1012 n VI.I = 500Vdc, TA = 25"C 8 

Capacitance (lnput·lnput) CI·I 1 pF 1 = 1 MHz, T A = 25° C 8 

TABLE III 

Switching Characteristics T A = 25°C, VCC = 5V Each Channel 

Parameter Symbol Min. Typ. Max. 

Propagation Delay Time tPLH 25 60 
To Logic High At Output 10 20 

Propagation Delay Time tpHL 35 100 
To Logic Low At Output 2 
Common Mode T ra nsient CMH 500 1000 
Immunity At Logic High 
Level Output 

Common Mode Transient CML -500 -1000 
Immunity At Logic Low 
Level Output 

NOTES: 
1. Pin 10 should be the most negative voltage at the detector side. 
2. Output power is collector output power plus one fourth of total 

supply power. 
3. Each channel. 
4. CURRENT TRANSFER RATIO is defined as the ratio of out· 

put collector current, 10, to the forward LED input current, IF, 
times 100%. 

5. IF=2pA lor channel under test. For all other channels, IF=10mA. 
6. Device considered a two-terminal device: Pins 1 through 8 are 

shorted together and pins 9 through 16 are shorted together. 

5 

7. Measured between each input pair shorted together and all out­
put pins. 

Units Test Conditions Figure Note 

IlS IF=0.5mA, RL=4.7kn 8 

IlS IF=5mA, RL =680n 8 
pS IF=0.5mA, R L -4.7k!1 8 

p.s IF-SmA, RL =680n 8 

V//ls IF=O, R L =1.5kn 9 9,11 

IVCMI = 50Vp_p 

V/p.s IF-l.6mA, R L -1.5k!1 9 10,11 

IVCMI ~ 50Vp•p 

8. Measured between adjacent input pairs shorted together, i.e. be­
tween pins 1 and 2 shorted together and pins 3 and 4 shorted 
together 1 etc. 

9. CMH is the maximum tolerable common mode transient to assure 
that the output will remain in a high logic state (i.e. Vo > 2.0V). 

10. CML is the maximum tolerable common mode transient to assure 
that the output will remain in a low logic state (i.e. Vo < 0.8VI. 

11. In applications where dV/dt may exceed 50,000 V/p.s (such as 
a static discharge) a series resistor, RCC, should be included to 
protect the detector IC's from destructively high surge currents. 
The recommended value is RCC '" lV k!1. 

0.6 IF (mA) 
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Figure 8. Switching Test Circuit. 

VCM 

Va ----"""'_ .. --------- SV 

Va -----------... ~VaL 
SWITCH AT B: IF= 1.6mA *See Note 11. 
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PULSE GEN. 
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Figure 9. Test Circuit for Transient Immunity and Typical Waveforms. 
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High Reliability Test Program 
Hewlett Packard provides standard high reliability test 
programs, patterned after MIL-M-38510 in order to 
facilitate the use of HP products in military programs. 

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

preconditioned and screened per Table IV. 
• The TXVB prefix identifies a part which has been 

preconditioned 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 TXV Preconditioning and Screening - 100% 

Examination or Test 

1. Pre-Cap Visual Inspection 
2. High Temperature Storage 
3. Temperature Cycling 
4. Acceleration 
5. Helium Leak Test 
6. Gross Leak Test 
7. Electrical Test CTR, 10H, ICCL, 

ICCH, VF, BVR: 
8. Burn·ln 

9. Electrica I Test: Same as step 7 and 11-0 
10. Evaluate Drift 
11. External Visual 

TABLE V, Group B 

Examination or Test 
Method 

Subgroup 1 
Physical Dimensions 2016 

Subgroup 2 
Solderabi lity 2003 

Subgroup 3 
Temperature Cycling 1010 
Therma I Shock 1011 
Hermetic Seal, Fine Leak 1014 
Hermetic Seal, Gross Leak 1014 

End. Points: 

CTR,IOH, ICCL, ICCH, VF, BVR 

Subgroup 4 
Shock, non-operating 2002 

Constant Acceleration 2001 

End Points: 
Same as Subgroup 3 

Subgroup 5 
Terminal Strength, tension 2004 

Subgroup 6 
High Temperature Life 1008 

End Points: 
Same as Subgroup 3 

Subgroup 7 
Steady State Operating Life 1005 

End Points: 
Same as Subgroup 3 

Part Number System 

WithTXV 
Commercial WithTXV Screening 

Product S ... eening Plus Group B 

HCPL-2770 TXVHCPL-2770 TXVBHCPL-2770 

(6N140) 

MIL·STD-883 
Conditions 

Methods 

o ED Procedure 72-4063, 72-4064 
1008 72 hrs. @ 150°C 
1010 _65°C to +150Q C 
2001 20KG,YI 
1014 Cond.A 
1014 Condo C 

T A = 25° C, per Table II 

1015 VCC = 18V, IF = 5mA, 10 = lOrnA 
t= 168hrs.@TA=100°C 
TA = 25°C, per Table II 
Max. llCTR = ±25%@ IF = 1.6mA 

2009 

MIL-STD-883 
LTPD 

Condition 

See Product Outline Drawing 15 

Immersion within 2.5mm of body, 20 
16 terminations 

Test Condition C 15 
Test Condition A, 5 cycles 
Test Condition A 
Test Condition C 

Per Table II, TA = 25°C 

1500 G, t = 0.5 ms, 5 blows in each orientation 15 
X1, Y1, Y2 
20KG, Y1 

Test Condition A, 4.5N (1 lb.), 150. 15 

TA = 150°C, non-operating ",,= 7 

VCC=18V,IF =5mA, 10 = 10mA,TA = 100c C ""=7 
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I) Features 

Near IR emission 

Functions with most 
silicon phototransistors 
and photodiodes 

II Advantages 

Visible 

Easy to use 

Plastic Package Low cost 

HEMT 3300 uses isotropic Provides floodlight type 
LED chip beam 

HEMT 6000 uses surface 
emitter LED chip 

HEMT 6000 has offset 
wirebond 

Provides bright spot 
of light 

Active area of the chip 
is not masked or 
shadowed 

HEMT 6000 has reciprocal Can function as an 
optical port emitter or narrow band 

detector 

~In ~natadiades 
• F~atures 

Offset wirebond 

All HP PIN photodiodes 
have anti-reflective coating 

Wide spectral response 
(ultraviolet through IR) 

Low junction capacitance 

ULTRA Linear 
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• Advantages 

Can be used with fiber 
optics 

Converts more incident 
radiation (light) into 
photocurrent 

A single device can cover 
the light spectrum plus 
UV and IR 

Wide bandwidth 

Permits operation over 
10 decades 

G) Benefits 

Facilitates alignment 

Cost effective implementation 

Cost effective implementation 

Well suited for applications 
that require a large area to 
be irradiated 

Facilitates focusing light on 
active area of photodetector 

Facilitates use with fiber 
optics 

Single device performs two 
functions 

• Benefits 

Fiber can be placed directly 
over active area 

High Responsivity 

Works with a variety of 
sources 

Can detect high speed pulses 

Eliminates the need for 
equalization 
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.HEWLETTll PACKARD 

COMPONENTS 

670nm 
HIGH RADIANT 

INTENSITY 
EMITTER 

HEMT-3300 

TECHNICAL DATA APRIL 1977 

Features package Dimensions 
• HIGH EFFICIENCY 

• NONSATURATING OUTPUT 

.• NARROW BEAM ANGLE 

• VISIBLE FLUX AIDS ALIGNMENT 

• BANDWIDTH: DC TO 3 MHz 

• IC COMPATIBLE/LOW CURRENT 
REQUIREMENT 

Description 
The HEMT-3300 is a visible, near-IR, source using a 
GaAsP on GaP LED chip optimized for maximum 
quantum efficiency at 670 nm. The emitter's beam is 
sufficiently narrow to minimize stray flux problems, yet 
broad enough to simplify optical alignment. This product 
is suitable for use in consumer and industrial applications 
such as optical transducers and encoders, smoke 
detectors, assembly line monitors, small parts counters, 
paper tape readers and fi ber optic drivers. 

(CLEAR) PLASTIC 4.32 (.170) 
UNDIFFUSED.UNTINTED I' '1- 5.08,.200) . -r 

11 
26.67 ~~ 

LIt 

9.471.373} 
7.95 (.313) 

---i1 
0.891.035) 
0.64 (.025) 

0.641.0251 
0.36 (.014) 

NOTES: 
1. ALL DIMENSIONS ARE IN 

MILLIMETRES (INCHES). 
2. SILVER·PLATED LEADS 

SEe APPLICATION 
BULLETIN 3. 

a CHIP CENTERING WITHIN 
THE PACKAGE IS 
CONSISTENT WITH 
FOOTNOTE 3. 

OutlineT -1% 

Electrical/Optical Characteristics at TA=25°C 
Symbol Description Min. Typ. Max. Units Test Conditions Figure 

Ie Axial Radiant Intensity 200 SOO p.W/sr IF = 10 mA 3.4 

Ke 
Temperature Coefficient. 

-0.009 0C-1 IF = 10 mA, Note 1 
of Intensity 

llv Luminous Efficacy 22 ImlW Note 2 

20% Half Intensity Total Angle 22 deg. Note 3, IF = 10 mA 6 

APEAK Peak Wavelength 670 nm Measured at Peak 1 

~ApEAK/~T 
Spectral Shift Temperature 

0.089 nmfC 
Measured at Peak, 

Coefficient Note 4 

tr 
Output Rise Time 

120 ns IpEAK = 10 mA 
(10%-90%) 

tf 
Output Fall Time 

50 ns IpEAK = 10 mA Pulse 
(90%-10%) 

Co Capacitance 15 pF VF = 0; f '" 1 MHz 

BVR Reverse Breakdown Voltage 5.0 V IR = 100pA 

VF Forward Voltage 1.9 2.5 V IF=10mA 2 

~VF/~T 
Temperature Coefficient 

-2.2 mVfC IF = 100p.A 
of VF 

ElJC Thermal Resistance 160 °CIW Junction to cathode 
lead at seating plane. 

° . . 
Notes: 1. Ie (T) = Ie (25 C)exp [Ke(T - 25"C)] 2. I v = Tlvle where I v IS on candela, Ie on watts/steradian and Tlv In lumen/watt . 

3. 13)(, is the off-axis angle at which the radiant intensity is half the axial intensity. The deviation between the mechanical and optical axis is 

typically within a conical half-angle of five degrees. 4. APEAK (T) = APEAK (25°C) + (aAPEAK!<1T) (T - 25°C). 
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Maximum Ratings at TA=25°C 
Power Dissipation .......................... 120 mW 

(derate linearly from 50°C at 1.6 mW/°C) 
Average Forward Current ..................... 30 mA 

(derate linearly from 50°C at 0.4 mA/°C) 
Peak Forward Current ................... See Figure 5 
Operating and Storage 

TemperatureRange ............... -55°Cto+100°C 
Lead Soldering Temperature .......... 260° C for 5 sec. 

(1.6 mm [0.063 inch] from body) 
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Figure 1. Relative Intensity versus Wavelength. 
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HEWLETT . PACKARD 

COMPONENTS 

Features 
• HIGH RADIANT INTENSITY 

• NARROW BEAM ANGLE 

• NONSATURATING OUTPUT 

• BANDWIDTH: DC TO 5 MHz 

• IC COMPATIBLE/LOW CURRENT 
REQUIREMENT 

• VISIBLE FLUX AIDS ALIGNMENT 

Description 
The HEMT-6000 uses a GaAsPchip designed for optimum 
tradeoff between speed and quantum efficiency. This 
optimization allows a flat modulation bandwidth of 5 MHz 
without peaking, yet provides a radiant flux level 
comparable to that of 900nm IREDs. The subminiature 
package allows operation of multiple closely-spaced 
channels, while the narrow beam angle minimizes 
crosstalk. The nominal 700nm wavelength can offer 
spectral performance advantages over 900nm I REDs, and 
is sufficiently visible to aid optical alignment. Applications 
include paper-tape readers, punch-card readers, bar code 
scanners, optical encoders or transducers, interrupt 
modules, safety interlocks, tape loop stabilizers and fiber 
optic drivers. 

Maximum Ratings at TA = 25°C 
Power Dissipation . . . . . . . . . . . . . . . . . . . . . . . . . .. 50 mW 

(derate linearly from 70°C @ 1.0mW;oC) 

Average Forward Current ..................... 20 mA 
(derate linearly from 70°C @ O.4mA/oC) 

Peak Forward Current ................... See Figure 5 

Operating and Storage 
TemperatureRange ................. -55° to+l00°C 

Lead Soldering 
Temperature ...................... 260°Cfor5sec. 

[1.6 mm (0.063 in.) from body] 

700nm 
HIGH INTENSITY 

SUBMINIATURE 
EMITTER 

HEMT -6000 
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NOTES; 
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2. SILVEA·PLATED LEADS. SEE APPUCATION BULLETIN 3, 
3, USER MAY BEND LEADS AS SHOWN. 
4. EPOXV ENCAPSULANT HASA REFflACTIVE INDEX OF 1.53. 
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Figure 1. Relative Intensity versus Wavelength. 



Electrical/Optical Characteristics at TA=25°C 
Symbol Description Min. Typ. Max. Units Test Conditions Fig. 

... Radiant Intensity along Mechanical 100 250 Jl.W/sr IF = 10mA 3,4 
Axis 

Ke Temperature Coefficient of Intensity -0.005 °C-1 Note 1 

T/v Luminous Efficacy 2.5 Im/W Note 2 

28}> Optical Axis Half Intensity Total Angle 16 deg. Note 3, IF = 10 mA 6 

ApEAK Peak Wavelength (Range) 690·715 nm Measured @ Peak 1 

Ll\~*I Spectral Shift Temperature Coefficient .193 nmfC Measured @ Peak, Note 4 

tr Output Rise Time (10%-90%) 70 ns IPEAK = 10 mA 

tf Output Fall Time (90%-10%) 40 ns IpEAK = 10 mA 

Co Capacitance 65 pF VF = 0; f = 1 MHz 

BVR Reverse Breakdown Voltage 5 12 V IR = 100Jl.A 

VF Forward Voltage 1.5 1.8 V IF = 10 mA 2 

LlVF/LlT Temperature Coefficient of VF -2.1 mVtc IF = 100 Jl.A 

8JC Thermal Resistance 140 °C/W Junction to cathode lead 
at 0.79 mm (.031 in) 
from body 

NOTES: 1. lem = Ie (25°C) exp IKe (T - 25°C)). 
2. Iv =1/vle where Iv is in candela, Ie in watts/steradian,and tlv in lumen/watt. 
3. Ely, is the off-axis angle at which the radiant intensity is half the intensity along the optical axis. The deviation between the 

mechanical.and the optical axis is typically within a conical half·angle of three degrees. 
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Figure 2. Forward Current versus 
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Figure 3. Relative Radiant Intensity 
versus Forward Current. 

Figure 4. Relative Efficiency (Radiant Intensity 
per Unit Current) versus Peak Current. 
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Figure 5. Maximum Tolerable Peak Current versus Pulse 
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HEWLETT PACKARD PIN PHOTODIODES 5082·4200 
SERIES 

COMPONENTS 

Features 
• HIGH SENSITIVITY (NEP<·108 dBm) 
• WIDE DYNAMIC RANGE (1% LINEARITY 

OVER 100 dB) 
• BROAD SPECTRAL RESPONSE 
• HIGH SPEED (Tr. Tt,<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 
(.189) 

GLASS 
WINDOW 

TECHNICAL DATA APRIL 1978 

Active area: 1 mm Diam 5082-420n- TALL SIZE 

0.5mm Diam 5082-4204 (To-18) {
5082-4203 

5082-4220 - Short (To-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. 

.991 
(.039) 

DIMENSIONS IN MILLIMETERS (INCHES). 
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Absolute Maximum Ratings 
Parameter ·4203 ·4204 -4205 ·4207 ·4220 

PMAX Power Dissipation 1 100 100 50 100 100 

Peak Reverse Voltage2 200 200 200 200 200 

Steady Reverse Voltage3 50 20 50 20 50 

Electrical/Optical Characteristics at TA =25°C 
·4203 ·4204 

Symbol Description Min. Typ. Max. Min. Typ. 

Re,Oo Axiallncidance 1.0 1.0 
Rq,'A Response at 

770nm141 

A Active Area4 2x 2x 
103 10.3 

R¢ Flux. Respon- .5 .5 
sivity 770 nmS 
(Fig. 1,31 

10 Dark Current6 2.0 
IFig.4) 

NEP Noise Equivalent 5.1. 
Power 7 (Fig. 8) !O·14 

O· OetectivityS 8.7 x 1.6 x 
1011 1012 

Ci Junction Capaci· 1.5 2.0 
lanc.9 (Fig. 5) 

Cp Package 2 2 
Capacitance 10 

tr,tf Zero Bias Speed 300 300 
(Rise, Fall Tim,) 
11 

tr,tf Rev.-Bias Speed 1 
(Rise, Fall Tim.) 
12 

Rs Serj~s Resistance 50 

NOTES: 

1. Peak Pulse Power 

When exposing the diode to high level incidance the 
following photocurrent limits must be observed: 

Ip (avg MAX.! < PMAX-P¢; and in addition: 
Ec 

Max. Min. 

0.6 

2.8. 
10.14 

4.0" 
1012 

1 

50 

·4205 ·4207 ·4220 
Typ. Max. Min. Typ. Max. Min. Typ. Max. 

1.5' 4.0 1.0 

3x 8x 2. 
10-3' 103 10·3 

.5 .5 .5 

.15 2.5 5.0 

1.4 x 5.7 x 8.1 x 
10·14 10 " 1014 

1.5 x 5.6 x 
1012 1011 

0.1 5.5 2.0 

2 

300 300 300 

1 1 1 

50 50 50 

*see Note 4. 

1000 A Ip (avg MAX.) 
Ip(PEAK) <t (Msec) or <500mA or < f x t 

whichever of the above three conditions is least. 

Ip - photocurrent (A) 

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

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. 

Units 

mW 

volts 

volts 

Units 

~cm121 

cml21 

I!A 
MW 

nA 

~ 
~ 

W 
pF 

pF 

ns 

ns 

n 

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 effect. 

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, 11q in electrons per photon by: 

R¢=TJq (_A_) 
1240 

where A is the wavelength in nanometers .. Thus, at 770nm, a responsivity of 0.5 A/W corresponds to a quantum efficiency of 0.81 (or 81 %) 
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, 1\.1) = (770nm, 100Hz, 6Hz) where f is the frequency for a spot noise measurement and.ilf is the noise bandwidth, NEP is the 

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

IN/v'Af 
NEP= -- where IN/v'Af is the bandwi9th - normalized noise current computed from the sliot noise formula: 

R¢ IN/.JM" = y'2qij) = 17.9 x 10-15 .JiD (A/VHzi where ID is in nA. 

8. Detectivity, D*is the active-araa-normalized signal to noise ratio. It is computed: for A in cm2, 
for (A, f, .ilf) = (770nm, 100Hz, 6Hz!. 

9. At -10V 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. 

211 



'.0 
O.B 

0.6 

0.4 

w 
en 0.2 z 
~ 
ill 
a: O. , 

.OB 

.06 

.04 

.0 , 

.§lECTRONS 
PHOTON ••• 

........ 
-i .f ..... 

.t'/ V 

\' 1/ I1A/pW 

I I~ 
, 

1---

\ 
400 600 800 1000 T 200 

A - WAVELENGTH - nm 

Figure 1. Spectral Response. 

3 1000r--.--~-~-~--r--r--' 
~ 
" ~ 
~ ,oO~---r--+--4--4-~7f~-+--1 
> 

~ 
~ 10~--r---+-~~' 

a: 
!!; 
<l 

Figure 2. Relative Directional Sensitivity 
of the PIN Photodiodes. 
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Figure 7. Photodiode Cut-Off Frequency 
vs. Load Resistance (C = 2pF). 
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Figure 5. Typical Capacitance Variation 
With Applied Voltage. 

Figure 6. Noise vs. Load Resistance. 

NEPDUETO 
BOTH SOURCes 
OF NOISE 

Figure 8. Noise Equivalent Power vs. Load Resistance. 

Ip=Signal current ~ 0.5p.A/i .. W x flux input at '770 nm 
I N= Shot noise current 

<1.2 x 10-14 amps!Hz1/2(5082-4204} 
<4 x 10-14 amps/Hz1l2(5082-4207} 

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

Rp" 10110 
Figure g. Photodiode Equivalent Circuit. RS= <500 
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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-I/2 at this voltage. 

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

(Rd-I/2 X (~f)I/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 operation 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 INCIDANCE RESPONSE 

Response of the photodiodes to a uniform field of radiant 
incidance 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 incidance Ee at an angle of 40° from the 
polar axis is 0.8. If Ee = 1mW/cm 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 =..K-0.5 
Multiplying this ratio by the incidance response at 770nm 
gives the incidance 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 2S!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 AIW while edge responsivity is 0.35 
A/w. 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 incidance is tr, It ~ 
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 thicknessoffrom 0.51 to 1.S2mm 
(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. 

R, :I R2 

VOUT = R1 Up + 10) 

'--____________ __.---o]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 
possib'le 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 n Ip 
VOUT = (1 +-)- -. j/.n (1+-) 

RI q Is 

nV -I < where Is = IF (e kT -1) at 0 IF < 0.1mA 

using a circuit as shown in Figure 11. 

Figure 11. LogarithmicOparation. 

Output voltage, VOUT, is positive as the photocurrent, Ip, 
flows back through the photodiode making the anode 
positive. 
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Fiber' Q~ics 
Fiber optics is just beginning to emerge as a 
practical technology for data communi­
cations. Some important advantages of fiber 
optic data transmission are shown on the 
following pages. 
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Pice,.. Q~tics 

Features 

1. Optical transmission 
path 

2. Light pulse "carrier" 
signals 

3. Bandwidth independent 
of cable size 

Advantages 

Complete input-output 
electrical isolation 

No EMI susceptibility or 
radiation 

Very high distance/bandwidth 
products achievable 

Light weight, small diameter 
cables possible. 
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Benefits 

Freedom from ground loops. 
Lightning safe. 

Freedom from induced noise. 
Freedom from crosstalk. 
Secure communications. 

Greater data rates at longer 
distances than wire / coax. 

Lower cost installation and 
maintenance. More bandwidth 
(channels) per unit area or unit 
weight. 



In addition to the discrete emitters and detectors 
described in this catalog, Hewlett-Packard is 
developing integrated fiber optic systems for digital 
applications. The systems are ideal for point-to­
point, processor-to-processor, and processor-to­
peripheral interconnection in noisy environments, 
or at distances/bandwidths difficult to achieve with 
wire or coax systems. 

Applications 

• Computer Installations 
• Distributed Processing 
• Hospital Systems 
• Process Control 
• Power Plant Communications 
• Secure Communications 

Elements of the HP System will include modular 
optical transmitters and receivers, single fiber 
optical connectors, and compatible optical fiber 
cables. Transmission capabilities will include 
distances to 1 kilometer and data rates to 20M bits 
NRZ (10 MHz clock rate). 

HP System Features 

• Compatible Modules, Connectors, and Cable 
• Miniature PC Board Mount Packages 
• TTL Electrical Interfaces 
• Single 5V Power Supply 
• Pre-aligned Emitter and Detector Interfaces 
• Integral Optical Connectors 
• Self-Checking "Link Monitor" Feature 
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Several cable alternatives are planned, including 
single and dual channel versions. All types will be 
reinforced and jacketed for industrial use. Com­
patible .field installable connectors will be available 
for module-to-cable and cable-to-cable intercon­
nections. 

For more information on these new product 
developments contact your local Hewlett-Packard 
Components Field Engineer, or write Hewlett­
Packard Optoelectronics Division, 640 Page Mill 
Road, Palo Alto, California. 



~~~lication notes 
APPLICATION NOTE 931 

Solid State Alphanumeric Display ... Decoder/ 
Driver Circuitry 

Hewlett-Packard offers a series of solid state 
displays capable of producing multiple alpha­
numeric 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 
information 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 in­
dicators are an excellent solution to most 
standard display problems in commercial, 
industrial and military applications. The unit 
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 des­
cribes general methods of incorporating the 
-7730 into varied applications. 

APPLICATION NOTE 937 

Monolithic Seven Segment LED Display 
Installation Techniques 

The Hewlett-Packard series of small end­
stackable monolithic GaAsP displays are 
designed for strobing, a drive method that 
allows time sharing of the character generator 
among the digits in a display. 
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This Application Note begins with an explan­
ation 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 appli­
cations. Finally, a discussion of interfacing to 
various data forms is presented along with 
comments on mounting the displays. 

APPLICATION NOTE 939 

High Speed Optically Coupled Isolators 

Often designers are faced with the problem of 
providing 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 common 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. 

APPLICATION 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 configurations. 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 uni­
formity, light output control as a function of 
ambient light, contrast enhancement and 
device mounting. 

APPLICATION NOTE 945 
Photometry of Red LEDs 

Nearly all LEOs 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 time­
shared 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. 

APPLICATION NOTE 947 
Digital Data Transmission Using Optically 
Coupled Isolators 

Optically coupled isolators make ideal line 
receivers for digital data transmission applica­
tions. They are especially useful for elimination 
of common mode interference between two 
isolated data transmission systems. This appli-
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cation note describes design considerations 
and circuit techniques with special emphasis on 
selection of line.drivers, transmission lines, and 
line receiver t~rmination for optimum data rate 
and common mode rejection. Both resistive and 
active terminations are described in detail. 
Specific techniques are described for multi­
plexing applications, and for common mode 
rejection and data rate enhancement. 

APPLICATION 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 sub­
systems. 

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 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 application 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, instrumenta­
tion amplifiers, and A/D 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. 



APPLICATION NOTE 964 
Contrast Enhancement Techniques 

This Application Note presents various criteria 
and techniques that a display engineer should 
consider to obtain optimum contrast enhance­
ment 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 NOTE 966 

The HOSP-2000 provides a unique yet simple 
and low cost method for addressing display 
data to a 5 x 7 alphanumeric display. This 
application note is intended to serve as a design 
and application guide for users of the HOSP-
2000. The information presented will cover the 
theory of the device design and operation, 
considerations for specific circuit design, 
thermal management, power derating and heat 
sinking, and intensity modulation techniques. 

~~~licCltiQn Bulletins 
APPLICATION BULLETIN 1 
Construction and Performance of High Effi­
ciency 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 king of light emitting material utilizing a 
GaP transparent substrate. This application 
bulletin discusses the construction and per­
formance of this material as compared to 
standard red GaAsP and red GaP materials. 

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 
to a silver lead frame provides a reliable 
electrical 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. 
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APPLICATION BULLETIN 4 
Detection and Indication of Segment Failures in 
Seven Segment LED Displays 

The occurrence of a segment failure in certain 
applications of seven 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 present­
ing this information to the viewer. 

APPLICATION BULLETIN 50 
Hewlett-Packard Watch Chip Drawings 
As an aid to designers of hybrid devices using 
LED display chips and discrete LEOs, this 
bulletin provides detailed dimensionalinfor­
mation on all Hewlett-Packard 5082-7800 series 
display chip products. 

APPLICATION BULLETIN 51 
Interfacing the HDSP-2000 Display to a 
Microprocessor 

Interface of the HOSP-2000 alphanumeric 
display to a microprocessor involves the design 
of a relatively simple interface element. This 
bulletin briefly discusses the tradeoffs involved 
in the design of such an interface and provides a 
specific example of an interface to the 8080 
microprocessor along with appropriate soft­
ware. 

APPLICATION BULLETIN 52 
Large Monolithic LED Displays 

The trend to incorporate more complex func­
tions into smaller package configurations that 
are portable and battery powered is reaching a 
point where the limiting items are the space and 
power constraints imposed upon the display at 
the operator-to-machine interface. The large 
monolithic LED display has been designed to 
meet many of these constraints. This applica­
tion bulletin describes the beneficial features of 
a large monolithic LED display and presents 
circuits which interface the display to CMOS 
logic and to a microprocessor. 



APPLICATION BULLETIN 53 
Interfacing the HDSP-6504/6508 16 Segment 
Alphanumeric Display 

The man machine interface can most efficiently 
be bridged through the use of an Alphanumeric 
Display. Advances in monolithic LED manu­
facturing technology have permitted the intro­
duction of an alphanumeric display using a 
sixteen segment font with a decimal and colon. 
The use of this new display is the topic of this 
application bulletin and it is intended to assist 
the designer in the following areas: 

1. Electrical drive conditions; 
2. Design of a standalone ASCII to eighteen 

segment decoder, and; 
3. A 6800 microprocessor interface. 

APPLICATION BULLETIN 54 
Mechanical Handling of Subminiature LED 
Lamps and Arrays 

The Need for Careful Mechanical Handling 

Hewlett-Packard . manufactures a series of 
individual LED lamps and lamp arrays that are 
very small epoxy encapsulated devices. These 
devices are classified as having a SUBMINIA­
TURE package configuration. When carefully 
installed on a printed circuit board, these 
devices will reliably function with a long 
predictable operating life. 

To obtain long operating life, these submini­
ature devices must be carefully installed on the 
printed circuit board in such a manner as to 
insure the integrity of the encapsulating epoxy. 
This will in turn maintain the integrity of the 
device by not permitting mechanical and 
thermal stresses to induce strains on the LED 
die attach and wire bonds which may cause 
failure. 

This application bulletin describes the submini­
ature package assembly, the package's mech­
anical limitations and offers specific sugges­
tions for proper installation. 

APPLICATION BULLETIN 55 
Low Cost Interface for a 32 Character HDSP-
2000 Alphanumeric Display 

The cost of the support electron ics necessary to 
operate the HDSP-2000 can be reduced 
through the selection of cost-optimized rather 
than function-organized components. The 
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circuit depicted in this Bulletin is modeled on 
the circuit depicted in Figure 3 of Hewlett­
Packard's Application Note No. 966. The 
advantages of this new circuit are realized by 
using predominantly TTL logic, a low cost 128 
byte NMOS RAM, and a low cost, single supply 
NMOS character generator. 

The circuit is ideal for interface to micropro­
cessor type systems, since data load into the 
refresh memory is accomplished just as if it 
were any other RAM on the DATA BUS. 

OPTOELECTRONICS APPLICATIONS 
MANUAL (HPBK-1000) 

The commercial availability of the Light 
Emitting Diode has provided electronic system 
designers with a revolutionary component for 
application in the areas of information display 
and photocouplers. 

Many electronic engineers have encountered 
the need for a resource of information about the 
application of and designing with LED prod­
ucts. This book is intended to serve as an 
engineering guide to the use of a wide range of 
solid state optoelectronic products. 

The book is divided into chapters covering each 
of the generalized LED product types. Addition­
al chapters treat such peripheral information as 
contrast enhancement techniques, photometry 
and radiometry, LED reliability, mechanical 
considerations of LED devices, photodiodes 
and LED theory. 

This book is available from a Hewlett-Packard 
franchised distributor or from the McGraw-Hili 
Publishing Company, at $19.25. A complete 
listing of all HP Components franchised 
distributors can be found on pages 222 and 223. 
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205 Billy Mitchell Road 
San Antonio 78226 
Tel (5121434-6241 

UTAH 
2160 South 3270 West Street 
Salt Lake City 84119 
Tel: (601) 972-4711 

VIRGINA 
P.O. Box 12778 
No.7 Koger Exec. Center 
Suite 212 
Norfolk 23502 
Tel:(604) 461-402516 
P.O. Box 9669 

~~~t~~~~r~3~2~ngs Road 
Tel (604) 265-3431 

WASHINGTON 
Bellelield Office Pk 
1203·114th Ave. S.E 
Bellevue 98004 

tWp~n-1~gm 
"WEST VIRGINIA 
Medical/Analytical Only 
Charleston 
Tel: (304) 345-1640 

WISCONSIN 
9004 West Lincoln Ave. 
Wesl Allis 53227 
Tel: (414) 541·0550 

FOR U.S. AREAS NOT LISTED: 
Contact the regional of/ice 
nearest you: Atlanta, Georgia 
North Hollywood, California ... 
Rockville, Maryland ... Rolling Meadows, 
Illinois. Their complete 
addresses are listed above 
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FOR CANADIAN AREAS NOT LISTED: 
Contact Hewlett·Packard (Canada) 
Ltd. in Mississauga 



CENTRAL AND SOUTH AMERICA 
ARGENTINA 
Hewletl-Packard Argentina 
S.A 
Av. Leandro N, Alem 822 - 12 
10018uon08 Aires 
Tel. 31-6063,4,5,6 and 7 
Telex: 122443 AR CIGY 
Caele: HEWPACK AAG 

BOLIVIA 
Casa Ka",hn S,A 
Calle PotOSI' 1130 
P.O. Box 500 
La Paz 
Tel: 41530,53221 
Telex: ewe ax 5298,IIT 3560082 
Cable' KAVlIN 

BRAZil 
Hewlett-Packard do BraSil 
l,e,C. ltda 
Avenlda RIO Negro, 9S0 
Alphavitle 
06400Barueri SP 
Tel: 429·3222 

Hewlett·Packard do Brasil 
l.e.C. Ltda 
Rua Padre Chagas. 32 
90000-Porto Alegre-RS 
Tel: (0512) 22-2998. 22·5621 
Cable- HEWPACK PoUo Alegre 

Hewlett-Packard do Brasil 
I.E.C. Ltda. 
Rua SiQueira Campos. 53 
Copacabana 
2000Q-Rlo de Janeiro 
Tel: 257·80-g4-DOQ (021) 
Telex: 391·212·1905 HEWP-BR 
Cable: HEW PACK 

Rio de Janeiro 

CHILE 
Calcagni y"Metcalfe Ltda. 
Alameda 580-01. 807 
Caslila 2118 

~::n~~a8~~3 1 
Telex: 3520001 CALMET 
Cable: CALMET Santiago 

COLOMBIA 
Instrumenlacidn 
Henrlk A Langebaek & Kler S.A 
Carrera 7 No. 48-75 
Apartado AIlreo 6287 
Bogota. I O.E 
Tel: 69-88-77 
Cable: AARIS Bogota 
Telex: 044-400 

COSTA RICA 
Cientiflca Costarricense S A 
Avenida 2, Calle 5 
San Pedro de Montes de Oca 
Apartado 10159 
San Jose 
Tel: 24-38-20. 24-08-19 
Telex: 2367 GAlGUR CR 
Cable: GALGUR 

ECUADOR 
Calculators Only 
Computadoras y EQuipos 
Electrdnlcos 
P.O. Box 6423 CCI 
Eloy Alfaro #1824.3 PI so 
Quito 
Tel: 453482 
Telex: 02-2113 Sagita Ed 
Cable: Saglta-Oullo 

-EL SALVADOR 
Instrumentacion y Procesamlcnto 

Electronlco de el Salvador 
Bulevar de los Heroes 11-48 
San Salvador 
Tel: 252787 

GUATEMALA 
IPESA 
Avenida La Reforma 3-48. 
Zona 9 
Guatemata City 
Tei: 63627. 64786 
Telex: 4192 Teletro Gu 

MEXICO 
Hewlett-Packard Mexicana. 
SA de C.V 
Av. Perifeflco Sur No. 6501 
Tepepan. Xochimllco 
Mexico 23. O.F 
Tel: 905-676·4600 

EUROPE, NORTH AFRICA AND MIDDLE EAST 
AUSTRIA DENMARK Hewlett-Packard France 
Hewlett·Packard Ges.m.b.H Hewlell-packard A/S ~~~~~~~ueeg~~a~~chesler Handelskai 52 ~~~~v:~~~irkertld P.O. box 7 B.P. 1124 
A-1205 Vienna Tel: (02) 81 6640 F-35014 Rennes Cede>: 
Tel: (0222) 351621 to 27 Cable: HEWPACK AS Tel (99) 36 33 21 
cable: HEWPAK Vienna Telex: 37409 hpas dk Cable: HEWPACK 74912 
Telex: 75923 hewpak a Hewlett-Packard A/S Telex' 740912 

BELGIUM ~~~~~oeJ klikebOrg 
Hewlett-Packard France 

Hewlett·Packard 8enelu>: Agence Regionale 
SAINV Tel (06) 82 71 66 74. AII~e de la Robertsau 
Avenue de COl-Vert. 1, t~I;~:: rIE~~f8~sA~k F-57000 Strasbourg 
~Grocnkraaglaan) Tel: (88) 35 23 20/21 

-1170 Brussels FINLAND 
Telex: 890141 

t~~I~?2~Al~fB~~ ~~ussels Hewlett-Packard OY 
Cable: HEWPACK STRBG 

Nahkahousuntie 5 Hewlett-Packard France 
Telex: 23 494 paloben bru P.O. Box 6 Agence R~gionale 

CYPRUS SF-00211 Helsinki 21 Centre Vauban 

Kypronics Tel: (90) 6923031 201. rue Colbert 
Cable: HEWPACKDY Helsinki Entr~e A2 

19. Gregorios & Xenopoulos Rd. F-59000 Lilla 
P.O. Box 1152 Telex: 12-1563 HEWPA SF 

Tel: (20) 51 44 14 
CY-Nlcosia FRANCE Telex: 820744 
Tel: 45628/29 Hewlett-Packard France Hewlett-Packard France Cable: KYPRONICS PANDEHIS Quartier de Courtaboeut Centre d' Affaires Paris-Nord Telex: 3018 Boite Postale No.6 BAIlment AmpE!re 
CZECHOSLOVAKIA F-91401 Orsay Cedex Rue de La Commune de Paris 
Vyvojova a Provozni Zakladna Tel: (1) 907 78 25 B.P.300 
Vyzkumnych Ustavu v Bechovicich Cable: HEWPACK Orsay F-93153 Le Blanc Mesnll C~dex 
CSSR-25097 Bechovice u Prahy Telex: 600048 Tel (01) 9318850 
Tel: 899341 Hewlett-Packard France 
Telex: 121333 Agency R~gionale GERMAN FEDERAL 

Institute of Medical Bionics "Le SaQuin" REPUBLIC 
Chemin des Mouilles Vyskumny Ustav Lekarskej Bioniky 
8.P. 162 Hewlett-Packard GmbH 

Jedlova 6 Vertriebszenlrale Frankfurt 
CS-88345 Bratlslava-Kramare F-69130 Eeully Bernerstrasse 117 
Tel: 44-551/45-541 T,I (78) 33 81 25. Postfach 560 140 Cable: HEWPACK Eculy 0-6000 Frankfurt 56 DDR Telex: 31 0517 
Entwicklungslabor der TU Dresden Tel: (0611) 5004-1 

b~~~~~~~Sinstitut Meinsberg Hewlett-Packard France Cable: HEWPACKSA Frankfurt 
Agence Regionale Tel: (0611) 5004-1 

Cable: HEWPACKSA Frankfurt WaldhelmlMeinsberg Perlcentre de la Cepi~re 
Telex: 04 13249 hpHmd Tei: 37667 Chemin de la Ceplere. 20 

Telex: 112145 F-31300 Toulouse-Le Mirall Hewlett-Packard GmbH 

Export Contact AG Zuerich Tel (61) 40 11 12 Technisches Buero BClblingen 

Guenther Forgber Cable: HEWPACK 51957 Herrenbergerstrasse 110 
Schlegelstrasse 15 Telex: 510957 D-7030 B6blingen. WlJrttemberg 
1040 Berlin Hewlett-Packard France t~I~I~~~OE3~l~~~-~lingen 
Tel: 42-74-12 Agence R~gionale 
Telex: 111889 Aeroport principal de Telex: 07265739 bbn 

Marseilie-Marignane 
F-13721 Marignane 
Tel (91) 89 12 36 
Cable: HEWPACK MARGN 
Telex. 410770 
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Hewlett·Packard Mexlcana, 
SA de C.V 
Ave. Constitucidn No. 2184 
Monterrey, N.L. 
Tel: 48-71-32. 48-71-84 
Telex: 038-410 

NICARAGUA 
Roberto Teran G. 
Apartado Postal 689 
Edificio Teran 
Managua 
Tel' 25114, 23412.23454 
Cable: ROTERAN Managua 

PANAMA 
Electrdnico Balboa, S.A 
PO. Box 4929 
Calle Samuel lewis 
Cui dad de Panama 
Tel: 64·2700 
Telex: 3483103 Curunda 

Canal Zone 
Cable: ELECTRON Panama 

PERU 
Compai'lla Eleclro Medica S.A 
los Flamencos 145 
San Isidro CaSIlia 1030 
Lima 1 
Tel: 41-4325 
Cable: ElMEO Lima 

Hewlett-Packard GmbH 
Technisches Buero Dlisseldor1 
Emanuel-leutze-Str.l (Seestern) 
0-4000 Dusseldorf 11 
Tel: (0211) 59711 
Telex: 085/86 533 hpdd d 
Hewlett-Packard GmbH 
Technisches Buero Hamburg 
Wendenstrasse 23 
0-2000 Hamburg 1 

t~I~I~~tOJ~~A~3K~~ Hamburg 
Telex: 21 53 032 hphh d 
Hewlett-Packard GmbH 
Technisches Buere Hannover 
Am Grossmarkt 6 
0-3000 Hannover 91 
Tel: (0511) 46 60 01 
Telex: 092 3259 

Hewlett-Packard GmbH 
Werk Groetzingen 
Ohmstrasse 5 
0-7500 Karlsruke 41 

i::~1?b~~§265g76? 06 

Hewlett-Packard GmbH 
Technisches Buere Nuremberg 
Neumeyer Str. 90 

~~~5(~~1~)r5~m3~e~~/85 
Telex: 0623 860 
Hewlett-Packard GmbH 
Technisches Buere Mlinchen 
Untel'hachinger Strasse 28 
ISAR Center 
0-8012 Ottobrunn 
Tel (089) 601 306117 
Cable: HEWPACKSA MLInchen 
Telex: 0524985 
Hewlett-Packard GmbH 
Technisches Buero Berlin 
Keith Strasse 2-4 
0-1000 Berlin 30 
Tel: (030) 24 90 86 
Telex: 183405 hpbln d 

GREECE 
Kostas Karayannis 
08, Omirou Street 
GR-Athens 133 
Tel: 3237731 
Cable: RAKAR Athens 
Telex: 21 5962 rkar gr 

PUERTO RICO 
Hewlett·Packard Inter·Americas 
Puerto Rico Branch OHice 
Calle 272. 
No. 203 Urb. Country Club 
Caroltna 00924 
Tel: (B09) 752-7255 
Telex: 3450514 

URUGUAY 
Pablo Ferrando S.A 
ComerClal e Industrial 
Avenlda Ilalia 2877 
Casdla de Correa 370 
Montevideo 
Tel: 40-3102 
Cable: RADIUM Montevideo 

VENEZUELA 
Hewlett-Packard de Venezuela 
CA 
P.O Box50933 
Caracas 105 
Los RUices Norte 
3a Transversal 
Edificio Segre 
Caracas 107 
Tel: 35-00-11 (20 lines) 
Telex: 25145 HEWPACK 
Cable. HEWPACK Caracas 

FOR AREAS NOT liSTED, CONTACT: 

~nier'_ef:e~~ckaa;d 
3200 Hillview Ave 
Palo Alto, Caltfornla 94304 
Tel: (415) 493-1501 
TWX: 910-373-1260 
Cable: HEWPACK Palo Alto 
Telex: 034-8300, 034-8493 

~r~W.~61 .. 0~.IYpapathanaSsiOu & Co 
Marni 17 
GR - Athens 103 
Tel: 522 1915 
Cabie: INTEKNIKA Athens 
Telex: 21 5329 INTE GR 
Medical Only' 
Technomed Hellas ltd 
52.Skooufa Street 
GR - Athens 135 
Tel: 352 6972, 363 3830 
Cable:ETALAK athens 
Telex: 21-4693 ETAL GR 

HUNGARY 
MTA 
MlJszenlgYI ~s Mer~slechnikal 
Szolgalala 
Lenin Krt. 67 
1391 Budapest VI 
Tel: 42 03 38 
Telex: 22 51 14 

ICELAND 
Medical Only 
Eldlng Trading Company Inc 
Hafnarhvoli - Tryggvatotu 
IS-Reykjavik 
Tel: 1 5820 
Cable: ELDING Reykjavik 

IRAN 
Hewlett-Packard Iran ltd. 
No. 13, Fourteenth SI 
Miremad Avenue 
P.O. Box 41/2419 
IR-Tehran 
Tel: 851082-7 
Telex: 21 2574 khrm ir 

IRAQ 
Hewlett-Packard Trading Co 
4/1/8 Mansoor City 
Baghdad 
Tel: 5517827 

gl;I~:: ~1~ph:t&1bQ. ik 
Baghdad Iraq 

IRELAND 
Hewlett-Packard Ltd 
King Street Lane 
GB-Wlnnersh,Wokingham 
Berks. RG11 5AR 
Tel: (0734) 78 47 74 
Telex: 847178/848179 



EUROPE, NORTH AFRICA AND MIDDLE EAST (Cont.) 
ITALY 
Hewlen·~ackard Itafia.na S.p.A. 
VIa Amenao VesPuccl 2 
Casella poslale 3645 
1·20100 Milano 
Tel: (2) 6251 (10 lines) 
Cable: HEWPACKIT Milano 
Tele .. : 32046 
Hewlett·Packard lIaliana $,p,A 
Via Pietro MaronceUi 40 
(ang, Via Visentin) 
1-35100 Padova 
Tel: (49) 664666 
Telex: 41612 Hewpacki 
Mea'icalonly 
Hewlett-Packard Italiana S.p.A, 
Via d'Aghiardi, 7 
1-56100 PiS3 
Tel: (050) 2 32 04 
Telex: 32046 via Milano 
Hewlett-Packard Italiana S.p.A. 
Via G, Armellini 10 
1-00143 Roma 
Tel: (06) 54 69 61 
Telex: 61514 
Cable: HEWPACKIT Rama 
Hewlett-Packard ItaUana S.p.A. 
Corso Giovanni Lanza 
1·1031 Torino 
Tel: (011) 662245/659306 
Medical/Calculators Only 
Hewlett-Packard Iialiana S,p.A. 
Via Principe Nicola 43 G/C 
1·95126 Catania 
Tel:(095) 37 05 04 
Hewlett-Packard Italiana S.p.A 
Via Amerigo Vespucci, 9 
1-80142 Napoli 
Tel: (061) 33 77 11 
Hewlett-Packard Itallana S,p.A 
Via E, Masi, 918 

~:1~16~'?3~~8n87 
KUWAIT 
AI-Khaldiya Trading & 

P. go~~~c~i~8_~~it 
Kuwait 
Tel: 424910-411726 

~;I~I~:: ~i~t~~e:f kt 

LUXEMBURG 
Hewlett-Packard Benelux 
SA/NY 
Avenue du Col-Vert, " 

~~~~~~k~~~I:;~IS 
~;~I~~WAtb2B~~ ~~ussels 
Telex: 23 494 

MOROCCO 
Gerep 
190, Blvd, Brahim Roudani 
Casablanca 
Tel: 25-16-76125-90-99 
Cable: Gerep-Casa 
Telex: 23739 . 

NETHERLANDS 
Hewlett-Packard Benelux N, V, 
Van Heuven Goedhartlaan 121 
P.O. Box 667 
Nl-1134 Amstelveen 
Tel: (020) 47 20 21 
Cable: PALO BEN Amsterdam 
Telex: 13216 hepa nl 

NORWAY 
Hewlett-Packard Norge A/S 
Nesveien 13 
Box 149 
N-1344 Hallum 
Tel: (02) 53 63 60 
Telex: 16621 hpnas n 

POLANO 
Biuro Inlormacji Technicznej 
Hewlett-Packard 
Ul Stawki 2, 6P 
00-950Warszaw8 
Tel: 395962{395187 
Telex: 81 24 53 hepa pi 
UNIPAN 
Zaklad Ooswiadc.zalny 

~~~OK~~j~:rari~~ %~~~~~~ej 51/55 
00-800 Warszawa 
Tel: 36190 
Telex: 81 4648 

za~~~y~~~~Owcze Sprzetu 

Plac Komuny Paryskiej 6 
90-007 Lod' 
Tel: 334-41, 337-63 

PORTUGAL 
Telectra-Empresa Tl!cnica de 
Equipamentos EIl!ctricos S,a,r.1 
Rua Rodrigo da Fonseca 103 
P,O. Box 2531 
P-Llsbon 1 

~;I~)~~ %E~c~~12lisbon 
Telex: 12598 
Medical only 
Mundinter 
Intercambio Mundial de Com~rcio 
S.a.r.1. 
AV.A,A.de Aguiar 138 
P.O. Box 2761 
P - Lisbon 
Tel: (19) 53 21 31/7 
Cable: INTERCAMBJO lisbon 

RUMANIA 
Hewlett-Packard Reprezentanta 
Bd,N, Balcescu 16 
Bucharest 
Tel: 158023/138885 
Telex: 10440 
I.I.R.U.C. 
Intreprinderea Pentru 

Intretinerea 
Si Repararea Utilajelor de Calcul 
B-dul prof. Oimitrie Pompei 6 
Bucharest-Sectorul 2 
Tel: 126430 
Telex: 11716 

SAUDI ARABIA 
Modern Electronic Establishment 
King Abdul Aziz str.(Head office} 
P.O. Box 1228 
Jeddah 
Tel: 31173-332201 
Cable: ELECTRA 
P .D. Box 2728 (Service center) 
Riyadh' 
Tel. 62596-66232 
Cable: RAOUFCO 

SPAIN 
Hewlett-Packard Espanola, S.A. 
Jerel, Calle 3 
E-Madrld 16 
Tel:(l) 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 ~~mdn ~ Cajal. 1 
Ediflclo SeVilla, planta 9", 
E-Sevllle 5 
Tel: 64 44 54/58 

~ji~~~~-~Ii~~al~d 7~sGanOla S.A. 

E-Bltbao-l 
Tel: 23 83 06/23 82 06 
Calculators Only 
Hewlett-Packard Espanola S.A. 
Gran Via Fernando EI Cat6hco, 67 
E-Valoncla-8 
Tel: 326 67 28/326 85 55 

SWEDEN 
Hewlett-Packard Sverige A8 
Enlghetsvagen 1-3 
Fack 
S-161 20 Bromma 20 
Tel: (06) 730 05 50 
Cable: MEASUREMENTS 

Stockholm 
Telex: 10721 
Hewlett-Packard Sverige A8 
Ostra Vinlergatan 22 
S-702 40 Orebro 
Tel (019) 140720 
Hewlett-Packard Sverige AS 
fr6tailsgatan 30 
S-421 32 Vastra Fr61unda 
Tel (031) 49 09 50 
Telex: 10721 Via Bromma Office 

SWITZERLAND 
Hewlett-Packard (Schweil) AG 
Ziircherstrasse 20 
P.O. Box 307 
CH-8952 Schlieren-Zurich 
Tel: (01) 730 52 40/730 18 21 
Cable: HPAG CH 
Telex; 53933 hpag ch 
Hewlett-Packard (schweiz) AG 
Chateau Bloc 19 

f~~\~1~)L96 ~if22n-Geneva 
Cable: HEWPACKAG Geneva 
Telex: 27 333 hpag ch 
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SYRIA 
Medical/Calculator only 
Sawah & Co. 
Place Azm~ 
BP. 2306 
SYR-Oamascus 
Tel: 16367, 19697, 14268 
Cable: SAWAH, Damascus 

TURKEY 
Telekom Engineering Bureau 
P.O. Box 437 
Beyoglu 
TR-Istanbul 
Tel: 49 40 40 
Cable: TElEMATION Istanbul 
Telex: 23609 
Medical only 
E.MA 
Muhendislik Kolle!dif Sirketi 
Adakale Sokak 4116 
TR·Ankara 
Tel: 175622 
Analytical only 
Yilmaz Ozyurek 
Milli Mudafaa Cad No, 16/6 
Kizilay 
TR-Ankara 
Tel: 250309 
Telex: 42576 ozek Ir 

UNITED KINGDOM 
Hewlett-Packard ltd. 
King Street lane 
GB-Wlnnersh, Wokingham 
Berks. RG 11 5AR 
Tel: (0734) 76 47 74 
Cable: Hewpie london 
Telex:847178/9 

Hewlett-Packard ltd. 
Trafalgar House, 
Navigation Road 
Altrlncham 
Cheshire WA14 lNU 
Tel: (061) 9266422 
Telex: 668068 

Hewlett-Packard ltd 

We~~~a~~u~se 
Dudley Road 
Halesowen, 
West Midlands B62 8SD 
Tel: (021) 550 9911 
Telex: 339105 

Hewlett-Packard ltd. 
Wedge House 
799, london Road 
GB- Thornton Heath 
Surrey CA4 6Xl 
Tel: (01) 6840103/8 
Telex: 946825 

Hewlett-Packard ltd 
clo Makro 
South Service wholesale Centre 
Wear Industrial Estate 
Washington 
GB-New Town, County Durham 
Tel: Washington 46400.1 ext. 57/58 

Hewlett-Packard Ltd 
10, Wesley SI 
GB-Castteford 
West Yorkshire WF10 lAE 
Tel (09775) 50402 
Telex: 557355 

Hewlett·Packard ltd 
1, Wallace Way 
GB-Hltchin 
Herts 
Tel: (0462) 52824/56704 
Telex: 825981 
Hewlet-Packard ltd 
2C, Avonbeg Industrial Estate 
long Mile Road 
Dublin 12 
Tel: Dublin 509458 
Telex: 30439 

USSR 
Hewlett-Packard 
Representative Office USSR 
Pokrovsky Boulevard 4117-KW 12 
Moscow 101000 
Tel:294-2024 
Telex: 7825 hewpak su 

YUGOSLAVIA 
Iskra·standard/Hewlett-Packard 
Miklosiceva 38MI 

~!I~~03~j~8b~~/3~ 16 74 
Telex: 31583 

SOCIALIST COUNTRIES 
NOT SHOWN PLEASE 
CONTACT: 
Hewlett-Packard Ges, m, b.H 
P.O. Box 7 
A-1205 Vienna, Austria 
Tel: (0222) 35 16 21 to 27 
Cable: HEWPAK Vienna 
Telex: 75923 hewpak a 

MEDITERRANEAN AND 
MIDDLE EAST COUNTRIES 
NOT SHOWN PLEASE CONTACT: 
Hewlett-Packard S.A 
Mediterranean and Middle 
East Operations 
35, Kolokotroni Street 
Platia Kelallariou 
GR-Kifissia-Athens, Greece 
Tel: 80603371359/429 
Telex: 21-6588 
Cable: HEWPACKSA Athens 

FOR OTHER AREAS 
NOT LISTED CONTACT 
Hewlett-Packard S.A 
7, rue du Bois-du-Lan 
P.O. Box 
CH-1217 Meyrin 2 - Geneva 
Switzerland 
Tel: (022) 62 70 00 
Cable: HEWPACKSA Geneva 
Telex: 2 24 86 



AFRICA, ASIA, AUSTRALIA 
ANGOLA 
Telectra 
Empresa Tecnlca de 

Equlpamentos 
Electncos, S A R.L 

R Barbosa Rodrigues 42-1 DT 
Calxa Postal, 6487 
luanda 
Tel: 35515/6 
Cable: TELECTRA Luanda 

AUSTRALIA 
Hewlett-Packard Australia 

Ply Ltd. 
31-41 Joseph Street 
Blackburn. Vlctona 3130 
P.O. Box 36 
Doncaster East, Victoria 3109 
Tel. 89-6351 
Telex: 31-024 
Cable: HEWPARD Melbourne 
Hewlett-Packard Australia 

Ply. Ltd 
31 Bridge Street 
Pymble 
New South Wales, 2073 
Tel' 449-6566 
Telex 21561 
Cable" HEWPARD Sydney 
Hewlett-Packard Australia 

Ply. Ltd 
153 Greenhill Road 
Parkside. SA.. 5063 
Tel. 272-5911 
Telex' 82536 ADEL 
Cable. HEWPARD ADELAID 
Hewlett-Packard Australia 

Ply Ltd 
141 Stirling Highway 
Nedlands. W A. 6009 
Tel. 86-5455 
Telex 93859 PERTH 
Cable" HEWPARD PERTH 
Hewlett-Packard Australia 

12r~oTltgrigOng Street 
Fyshwick, A.C T 2609 
Tel 95-2733 
Telex' 62650 Canberra 
Cable HEWPARD CANBERRA 
Hewlett Packard Australia 

Pty Ltd 
5th Floor 
Teachers UniOn BUilding 
495-499 Boundary Street 
f~:ri2~]_~~~4 4000 Queensland 

Cable HEWPARD Brisbane 

GUAM 
Medical/Pocket Calculators Only 
Guam Medical Supply, Inc. 
Jay Ease BUilding, Room 210 
PO. Box 8947 

i~~6~6~~~1 ~6911 
Cable: EARMED Guam 

HONG KONG 
Schmidt & Co.(Hong Kong) Ltd 
PD. Box 297 
Connahght Centre 
39th Floor 
Connaughl Road. Central 
Hong Kong 
Tel H-255291-5 
Telex' 74765 SCHMC HX 
Cable SCHMIDTCO Hong Kong 

INDIA 
Blue Star ltd 
Kasturl Buildings 
Jamshedll Tata Ad 
Bombay 400 020 
Tel' 29 50 21 
Telex: 001-2156 
Cable BLUEFROST 
Blue Star Ltd. 
Sahas 
414/2 Vir Savarkar Marg 
Prabhadevi 

~f.~~% ~~o 025 
Telex 011-4093 
Cable FROSTBLUE 

Blue Star Ltd 
Band B.ox House 
Prabhadevr 

~e~~~ah b~O 025 
Telex 011-3751 
Cable BLUESTAR 
Blue Star Ltd 
7 Hare Street 
PO, Box 506 
Calcutta 700 001 
Tel 23-0131 
Telex: 021-7655 
Cable. BLUESTAR 
Blue Star Ltd 
7th & 8th Floor 
Bhandari House 
91 Nehru Place 
New Delhi 110024 
Tel 634770 & 635166 
Telex: 031-2463 
Cable. BLUESTAA 
Blue Star Ltd. 
Blue Star House 
It/l1A Magarath Road 
Bangalore 560 025 
Tel 55668 
Telex: 043-430 
Cable: BLUESTAR 
Blue Star Ltd 
Meeakshl Mandrran 
x:o/1678 Mahatma Gandhi Rd 
Cochin 682 016 
Tel: 32069.32161.32282 
Telex: 0885-514 
Cable' BLUESTAR 
Blue Star ltd 
1-1-117/1 
Sarojlni Devi Road 
Secunderabad 500 003 
Tel: 70126, 70127 
Cable: BLUEFROST 
Telex: 015-459 

Blue Star ltd. 
2/34 Kodambakkam High Road 
Madras 600034 
Tel 82056 
Telex 041-379 
Cable 8LUESTAR 

INDONESIA 
BERCA IndoneSia P T 
P.O. Box 496/Jkt 
JLN.Abdul MUls 62 
Jakarta 
Tel. 40369, 49886,49255,356038 
JKT 42895 
Cable' BE RCA CON 
BERCA Indonesia P.t. 
63 JL Raya Gubeng 

fel:r~~~6; 
ISRAEL 
ElectrOniCS & Englfleerlflg Dlv. 

of Motorola Israel Ltd 
17, Kremenetskl Street 
P.O. Box 25016 
Tel-Aviv 
Tel. 38973 
Telex' 33569 
Cable. BASTEL Tel-AVIV 

JAPAN 
Vokogawa-Hewlett-Packard Ltd 
Ohashi Building 
59-1 Voyogl l-Chome 
Shlbuya-ku, Tokyo 151 
Tel. 03-370-2281/92 
Telex: 232-2024YHP MARKET 

TDK 23-724 
Cable YHPMARKET 
Vokogawa-Hewlett-Packard Ltd 
Chuo Bldg., 4th Floor 
4-20, Nlshlnakajlma 5-chome 
Vodogawa-ku,Osaka-shi 
Osaka,532 
Tel' 06-304-6021 
Yokogawa-Hewlett-PaCkard Ltd 
Nakamo Building 
24 Kaml Sasajlma-cho 

~:I~am~~r~~l_~frloya , 450 

Yokogawa-Hewlett-Packard Ltd 
Tanlgawa BUlldmg 
2-24-1 Tsuruya-cho 
Kanagawa-ku 
Yokohama, 221 
Tel 045·312-1252 
Telex 382-3204 YHP YOK 
Vokogawa·Hewlett-Packard Ltd 
Mlto Mltsu Buildmg 
105, Chome-l,San-no-maru 
Mito, Ibaragl 310 
Tel: 0292-25-7470 
Yokogawa·Hewlen-Packard lid 
Inoue BUilding 
1348-3, Asahl-cho, l-chorne 

fetl~O~~'2~2;_t~a5~a 243 

vokogawa-Hewlett-Packard Ltd 
Kumagaya Asahl 
Hackljunl Building 
4th Floor 
3-4,Tsukuba 

fe~~:~5_~~:6~~~ama 360 

KENYA 
Technical EnOlneermg 

Servlces(E.A )Ltd., 
P.O Box 18311 
Nairobi 
Tel 557726/556762 
Cable PROTON 
Medical Only 
InternatIOnal AeradlO(E A.)Ltd 
P.O Box 19012 
Nairobi Airport 
Nairobi 
Tel: 336055/56 
Telex: 22201122301 
Cable: INTAERIO Nairobi 

KOREA 
Samsung ElectroniCS Co., Ltd 
20th FI Dongbang Bldg 250,2-KA 
C,P,O. Box 2775 
Taepyung-Ro. Chung-Ku 
Seoul 
Tel' (23) 6811 
Telex: 22575 
Cable ELEKSTAR Seoul 

MALAYSIA 
Teknik Mutu Sdn Bhd. 
2 Lorong 13/6A 
SectIOn 13 
Petaling Jaya,Selangor 
Tel. 54994/54916 
Telex' MA 37605 
Protei EngmeermQ 
P.O. Box 1917 
lot 259, Satok Road 
Kuching, Sarawak 
Tel: 2400 
Cable: PROTEl ENG 

MOZAMBIQUE 
A N Goncalves, Lta. 
162, l' Apt. 14 Av D. lUIS 
Calxa Postal 107 
Lourenco Marques 
Tet 27091,27114 
Telex: 6-203 NEGON Mo 
Cable' NEGON 

NEW ZEALAND 
Hewlett-Packard (N.l.) Ltd 
P.O. Box 9443 
Courtenay Place 
Wellington 
Tel 877-199 
Cable' HEWPACK Wellmgton 
Hewlett-Packard (N l) Ltd. 
Pakuranga ProfeSSIOnal Centre 
267 Pakuranga Highway 
Box 51092 

fe~.k~69_6~1 
Cable: HEWPACK,Auckland 
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Analytlcal/MedlcalOnly 
Medical Supplies N.l. Ltd 
SCIentifiC DIVISion 
79 Carlton Gore Rd Newmarket 
POBox 1234 
Auckland 
Tel. 75-289 
Cable DENTAL Auckland 
Analytical/Medical Only 
Medical Supplies N.Z Ltd 
POBox 1994 
147-161 Tory St 
Wellington 
Tel 850·799 
Telex 3858 
Cable DENTAL. Wellington 
Analytical/Medical Only 
Medical Supplies N l. lid 
P.O Box 309 
239 Stanmore Road 
Christchurch 
Tel: 892-019 
Cable' DENTAL, Chnstchurch 
Analytical/Medical Only 
Medical Supplies N l. Ltd 
303 Great Kmg Street 
P.O. Box 233 
Dunedin 
Tel. 88-817 
Cable' DENTAL. Dunedin 

NIGERIA 
The Electronics 

InstrumefitatlOns Ltd 
N6B/770 Oyo Road 
Oluseun House 
PM 8. 5402 
Ibadan 
Tel 61577 
Telex. 31231 TEll Nigeria 
Cable THETEIL Ibadan 
The Electronics Instrumenta-

tlOnsLtd. 
144 Agege Motor Road, Mushm 
POBox 6645 
Lagos 
Cable THETEIL lagos 

PAKISTAN 
Mushko & Company, Ltd 
Gosman Chambers 
Abdullah HarOOfl Road 
Karachi-3 
Tel' 511027. 512927 
Telex: 2894 
Cable COOPERATOR Karachi 
Mushko & Company, ltd 
38B, Satellite Town 

fe~.~~I~~~di 
Cable FEMUS Rawalpindi 

PHILIPPINES 
The Onlme Advanced 

Systems CorporatIOn 
RICO House 
Amorsolo cor. Herrera Str 
LegaspI Village, Makatl 
Metro Manila 
Tel 85-35-81,85-34-91 
Telex 3274 ONLINE 

RHODESIA 
Field Technical Sales 
45 KelVin Road Nqrth 
P.O Box 3458 
Salisbury 
Tel 705231 (5 Imes) 
Telex RH 4122 

SINGAPORE 
Hewlett-Packard Smgapore 

{Pte.ILtd. 
1150 Depot Road 
Alexandra P O. Box 58 

f~I~~~~_~r3~~ 
Telex HPSG RS 21486 
Cable' HEWPACK, Singapore 

SOUTH AFRICA 
Hewlett·Packard South Africa 

{Pty I. Ltd 
Private Bag Wendywood 
Sandton. Transvaal 2144 
Hewlett-Packard Centre 
Daphne Street. Wendywood, 
Sandlon, Transvaal 2144 
Tel. 802-10408 
Telex: 8-4782 
Cable HEWPACK JOHANNESBURG 
Service Department 
Hewlett-Packard South Africa 

p.h'tx ~~d325 
Gramley, Sandton. 2018 
451 Wynberg ExtenSion 3, 
Sandt on , 2001 
Tel: 636-8188/9 
Telex' 8-2391 
Hewlett-Packard South Africa 

P 6~~d~ ~~~ 
Howard Place, Cape Provmce, 7450 
Pifle Park Centre. Forest DrIVe, 
Plnelands, Cape PrOVince, 7405 
Tel' 53-7955 thu 9 
Telex 57-0006 
Service Department 
Hewlen-Packard South Africa 

{Pty.I.ltd. 
POBox 37099 
Overport, Durban 4067 

~~~b~I~~~s~oad 
Durban, 4001 
Tel: 88-7478 
Telex: 6-7954 

TAIWAN 
Hewlett-Packard Far East Ltd, 
Taiwan Branch 
39 Chung Hsiao West Road 
Sec 1, 7th Floor 
Taipei 
Tel 3819160-4 
Cable: HEWPACK TAIPEI 
Hewlett-PaCkard Far East Ltd 
Taiwan Branch 
68-2. Chung Cheng 3rd. Road 

~e~:o(~~\u2n4~318_KaOhSiUng 
Analytical Only 
San Kwang Instruments Co, Ltd , 
No. 20, Vung SUI Road 
Taipei 
Tel: 3715171-4 (5 lines) 
Telex: 22894 SANKWANG 
Cable' SANKWANG TAIPEI 

TANZANIA 
Medical Only 
International Aeradlo (E.A.), Ltd. 
P.O. Box 861 
Dar es Salaam 
Tel: 21251 Ext. 265 
Telex: 41030 

THAILAND 
UNtMESA Co., Ltd 
Elcom Research BUilding 
2538 Sukumvit Ave 
Bangkok 
Tel. 3932387, 3930338 
Cable UNIMESA Bangkok 

UGANDA 
Medical Only 
International Ae$dio(E.A.). LId., 
P.O. Box 2571 
Kampala 
Tel: 54388 
Cable INTAERID Kampala 

ZAMBIA 

~'5' ~~bxu?7~~ambla) Ltd 
Lusaka 
Tel: 73793 
Cable: ARJAYTEE, Lusaka 

OTHER AREAS NOT USTEO, CONTACT: 
Hew1et1-Packard Intercontinental 
3200 Hillview Ave 
Palo Alto, California 94304 
Tel: {4151493-1501 
TWX: 910-373-1267 
Cable HEWPACK Palo Alto 
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For more information call your local HP Sales Office or East (301 ) 948-6370-
Midwest (312) 255-9800 - South (404) 955-1500 - West (213) 877-1282. Or 
write : Hewlett-Packard Components, 640 Page Mill Road, Palo Alto, 
California 94304. In Europe, Hewlett-Packard GmbH, P.O. Box 250, 
Herrenberger Str. 110, D-7030 Boeblingen, West Germany. In Japan, YHP, 3-
29-21 , Takaido-Higashi , Suginami-Ku, Tokyo, 168. 

Printed in U.S.A. Revised from 5953-0335 D (4177) 
Data Subject to Change 
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