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

ADYANTAGES OF PIN PHOTODIODES VERSUS
MULTIPLIER PHOTOTUBES

1. Size and weight:
PIN photodiodes are approximately three orders of
magnitude smaller and lighter. This greatly simplifies
and reduces the cost of mounting.
2. Power Supply:
Multiplier phototubes require more than 1000 volts,
which must be precisely regulated and divided among
the dynodes. By comparison, PIN photodiodes and asso-
ciated amplifiers operate stably on less than 20 volts,
which does not require precise regulation.
3. Cost:
The cost, including that of the necessary amplifier, is
lower for the PIN photodiode because of lower power
supply requirements.
4. Spectral Response:
Broad skirts of the PIN photodiode make it useful
from the ultra-violet, through the visible, and well into
the infrared region. This exceeds the range of any
other device of comparable sensitivity.
5. Sensitivity:
Noise equivalent power of the PIN photodiode is
lower than that of any other type of photodetector.
The signal levels are extremely low, however, and to
achieve low level performance they require a high gain,
high input resistance amplifier. Multiplier phototubes
have built-in gain and do not require additional low-
noise amplification. Moreover, the high input resistance
needed for sensitive performance precludes fast re-
sponse, whereas the response time of multiplier photo-
tubes may be in the nanosecond region even in the
sensitive mode.
6. Stability:
The characteristics of noise, responsivity, and spectral
response of the PIN photodiode are not dependent on
time, temperature, or other environmental considera-
tions. The same conditions may be hazardous to mul-
tiplier phototubes.
7. Overloading:
In the presence of excessive signal, multiplier photo-
tubes of comparable sensitivity are capable of destroy-
ing themselves as a result of excessive output current.
The PIN photodiode is unaffected by exposure to room
light or even direct sunlight.
8. Ruggedness:
PIN photodiodes can tolerate exposute to extreme lev-
els of shock and vibration. Typical shock capability is
1500 G's for 0.5 millisecond.
9. Magnetic Fields:
Multiplier phototube gain is affected by fields as small
as one gauss. If the interfering field is fluctuating, the
output will be modulated by it. The PIN photodiode
is insensitive to magnetic fields.
10. Precision:
The responsivity of the PIN photodiode is inherently
precise and repeatable. Within a given type, the char-
acteristics agree (from unit to unit) within plus or

minus 0.1 decade. Responsivity of multiplier photo-
tubes may vary over more than a decade from one unit
to another.
11. Sensitive Area:
The small sensitive area of the PIN photodiode makes
it unnecessary to establish an aperture which may be
required for some applications. However, in some ap-
plications good optical alignment is imposed by the
small area.

PIN PHOTODIODE DETECTORS

At the present time a variety of different types of solid-
state photodetectors are available. Of these, the Silicon PIN
Photodiode has the broadest applicability and is the subject
of this note. The PIN photodiode’s main advantages are:
broad spectral response, a wide dynamic range, high speed,
and extremely low noise. With appropriate terminal cir-
cuits it is well suited for many applications that require
converting an optical signal to an electrical signal. The
present discussion, however, will be limited to the descrip-
tion of the PIN photodiode’s threshold detection sensitivity
and the design of suitable terminal circuits that will realize
this capability.

PHOTODIODE DESCRIPTION
Construction

A brief description of the PIN photodiode will be help-
ful in understanding its performance and the principles for
designing appropriate circuits to be used with it. Figure 1
shows a typical construction of the PIN photodiode. This
figure is for the purpose of explanation only and is not to
scale. The relative proportions have been deliberately dis-
torted for the sake of clarity.

The PIN structure is produced by diffusion through an
oxide (S;0s) mask which also serves to protect the surface.
Since most metals are very opaque to optical radiation, es-
pecially at infrared wavelengths, the gold contact is de-
posited only around the perimeter of the P-layer, and the
gold contact pattern provides for lead attachment a short
distance away from the junction region, so the lead is not in
the light path.

Mode of Operation
When a photon is absorbed by the silicon it produces a
hole and an electron. If the absorption of the photon oc-
curs in the I-layer, as shown in Figure 1, the hole and the
electron are separated by the electric field in the I-layer.
For the highest quantum conversion efficiency (electrons
per photon) it is desirable to have the P-layer as thin as
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Figure 1. PIN Photodiode Cutaway View




possible and the I-layer as thick as possible, The thickness
of the P-layer also determines the value of the parasitic
series resistance (Rg in Figure 2). The thinner the P-layer
the higher the Rg. Since Ry affects high frequency perform-
ance there is therefore a design trade-off between quantum
efficiency and bandwidth. Once the trade-off is settled, the
desired thickness is then controlled during the diffusion
process. The effective thickness of the I-layer is controlled
partly by the manufacturing diffusion process and partly by
the magnitude of the electric field applied to the diode—
the higher the field, the thicker will be the effective I-layer.
It is thercfore desirable to operate the diode with an
external reverse bias, as shown in Figure 2. As the reverse
bias voltage is increased from zero, there are three bene-
ficial effects: hole and electron transit time decreases; con-
version efficiency increases slightly; and most importantly,
the capacitance decreases sharply with bias up to about ten
volts and continues to decrease slightly up to about twenty
volts reverse bias.

Figure 2. PIN Photodiode Schematic Symbol, and
Equivalent Circuit

In the presence of optical signals there is a slight modula-
tion of the shunt conductance as the presence of photon-
produced holes and electrons in the I-layer modulate its
conductivity. This effect can be quite significant at very high
levels of illumination since the I-layer may become saturated,
resulting in a decrease in quantum efficiency and an increase
in rise time. Saturation can be prevented by applying a very
high reverse bias voltage (up to 200 volts). However, such
a high voltage, applied over a long period of time, may
cause a degradation of the diode’s leakage properties. Since
our present concern is with threshold performance, reverse
bias voltages greater than twenty volts need not be con-
sidered.

Equivalent Circuit

When properly biased, the PIN photodiode can _])e accu--
rately represented by the equivalent circuit shown in Figure
2. Here 1, is the external current resulting when the diode is
illuminated. It has a time constant of 10 picoseconds and
a value of approximately 0.5 amp per watt of input at a
wavelength of 8000 angstroms (800 nanometers). This
corresponds to a quantum efficiency of 75_%, thpt is, 0.75
electrons per photon. The quantum efficiency is constant
from 500 nanometers to 800 nanometers (5,000 A to
8,000 A).

iy is the noise current of the PIN photodiode. Since the
diode is reverse biased, the shot noise formula is applicable,
so that the noise current can be computed from:

W _

= 2l (1)

where B = system output bandwidth, Hz
q = electron charge, 1.6 X 107" coulombs
I = dc current, Amp.

In the case of the photodiode, I, is simply the dark cur-
rent, Iy, which has a value determined by the construction
and dimensions of the particular diode type. Maximum val-
ues are: 100 picoamps for HPA 4204, 150 picoamps for
HPA 4205 and 2 nanoamps for HPA 4203.

Shunt resistance, R, is very large, being usually greater
than 10 gigaohms (10,000 megohms), and its noise current
may therefore be neglected. Shunt capacitance, C,, has a
value from two to five picofarads, depending upon the diode
type and reverse bias. For high frequency operation it is im-
portant to minimize C, because the cutoff frequency is de-
termined by:

1
fe=2mR.C, o
Although our present concern is with low frequency
threshold operation, there is another reason for minimizing
C,. This will be discussed later, when circuit design princi-
ples are presented.

Performance

Threshold performance can and has been specified in a
number of different ways. The most commonly understood
and usable expression takes the form of a noise equivalent
input signal. This is the input signal which produces an out-
put signal level that is equal in value to the noise level that
is present when no input signal is applied. The noise equiv-
alent input in watts is called Noise Equivalent Power
(NEP) and is defined by:

NOISE CURRENT (amps per root hertz) (3)
CURRENT RESPONSIVITY (amps per watt)

NEP =

which has the units of watts per root hertz. Devices for
photo-detection could then be compared on the basis of
NEP. The lower the NEP the more sensitive is the device.

Another method of defining threshold sensitivity is on the
basis of signal-to-noise ratio for given input signal powet
levels. Taking a power level of one picowatt, for example,
the signal-to-noise ratio at the output can be obtained from:

RESPONSIVITY (ﬂ‘li’—") X INPUT (watts)
SNR — Wwatts
NOISE CURRENT (amps)




This is a ratio of currents. To express it in dB we would
take twenty times its log to base ten, even though the ex-
pression converts linearly to a power ratio. This is because
the devices respond linearly to input power.

Figure 3 shows spectral sensitivity characteristics of sev-
eral PIN photodiodes and multiplier phototubes. Sensitivity
is given in terms of SNR and NEP. The latter is in terms of
dBm. Several interesting features are evident in Figure 3.
Although the quantum efficiency for PIN photodiodes is
constant from 500 to 800 nanometers, the sensitivity curve
is not. This is due to the fact that the energy per quantum
(photon) of radiant energy varies with wavelength.

The curves for the three different PIN photodiodes also
show the dependence of sensitivity on leakage current. Here
the highest sensitivity is obtained with the HPA 4204
which has a maximum leakage current of 100 picoamps.
Next is the HPA 4205 with 150 picoamps and finally
the HPA 4203 with maximum leakage of 2 nanoamps. The
three curves are in effect displaced by the magnitude of the
noise current difference because quantum efficiency is equal
for all. These curves also show the inherent broad response
of PIN photodiodes with respect to multiplier phototubes.
Therefore, the power responsivity of the PIN photodiode
has a corresponding slope. Notice how the inherently broad
response of silicon, enhanced by the thick I-layer construc-
tion, extends the range of useful performance over the re-
sponse ranges of two types of photocathodes.

==~y
/ \\
!
] o
50|y —120
= \
O L \
= \
E|yea \
=< 50
= 1 / \ \ s
= | \ &
1 =
2 gofh 10 &
S ] \ /"_ =
= | fron )-—\ﬁ' g _§ =
& 6199 et ( A N ES
g 3 // o * > &
2 30Hf 2
° HPA / R =
= 420045 —T 3
o HPA ¢ e
8 p0|— 4205 — N 100 3
o ol
: N i
= HPA e
g ot /]
w
5 /\
£
2 —90
\ RCA S
y 7102 - NG
- /‘/ '\
—20 / —80
300 400 500 600 700 300 900 1000
WAVELENGTH — NANOMETERS (nm)
ULTRA-
Siker VISIBLE I INFRARED

Figure 3. Spectral Sensitivity Comparisons of Photodetectors

Although the threshold sensitivity of multiplier photo-
tubes is superior in the visible region, nevertheless for many
applications the advantage is not significant enough to out-
weigh the disadvantages of generally unstable and tempera-

ture-sensitive gain, large size and weight, and the need of
very high and stable power supply voltages. On the other
hand, the superior red and infrared threshold performance
of the PIN photodiode does not necessarily mean it is better
in any application, because one must take into account its
small sensitive area and low signal levels. Realization of the
performance capability described in Figure 3 also requires
fairly careful attention to the design of the terminal circuits
into which the PIN photodiode operates.

TERMINAL CIRCUIT DESIGN PRINCIPLES

The design of the terminal amplifier must consider the
usual design objectives of low noise, broad band, wide dy-
namic range, ctc. In addition, there are two fundamental
considerations which are dictated by the PIN photodiode:
1. High Reverse Voltage:

The diode must be operated at ten to twenty volts of

revetse bias to reduce shunt capacitance.
2. High Input Resistance:

This is a fundamental consideration in the sensitivity/rise

time trade-off.

The effects of revetse voltage on capacitance have been
discussed earlier. However, the effect is sufficiently impor-
tant to deserve a re-emphasis here. -

A high input resistance is necessary in order to maintain
a high signal-to-noise ratio. Since the output signal from the
photodiode is a current, and its own internal noise is repre-
sented by a current, it is appropriate to represent the noise
of the terminal amplifier as an equivalent noise current at
the input. The smallest value of resistor which may be con-
nected to the input is then limited by its noise current accord-
ing to the formula for thermal noise:

iy? (thermal) 4kT
B R )

By comparing eq(1), relating diode noise current to leak-
age current, with eq(5), relating resistor noise current to its
resistance value, it is clear that there is some value of resist-
ance below which the NEP of the system, i.e., threshold
sensitivity, would be degraded at the rate of 5 dB per decade
of decreasing resistance. For example, in the case of the
HPA 4203, assuming a maximum leakage current of 2 nano-
amps, the value of resistance should be greater than 25
megohms, to avoid degrading the threshold sensitivity.

TRANSISTOR AMPLIFIER

In addition to keeping the input noise current low by
using large values of input resistance, it is also important to
keep other sources of noise in the amplifier at a minimum.
Using ordinary transistors (PNP or NPN) it is not possible
to approach the ultimate sensitivity of which the PIN photo-
diode alone is capable, even when low-noise transistors, such
as the 2N2484, are used. However, in those applications
where it is possible to sacrifice sensitivity for simplicity,
transistors may be used. A typical transistor circuit is shown
in Figure 4. With this circuit, a sensitivity corresponding to
an NEP of — 95 dBm was obtained. In this case, Q1 was
operated at the lowest possible collector current which would
still give adequate gain. A high loop gain was desired in
order to compensate, with negative feedback, for the long
open-loop rise time produced by the high input resistance.
A resistance higher than 10 megohms was not necessary here,
since the transistor itself sets the fundamental noise limita-
tion. A PNP transistor was selected for Q2 in order to bal-
ance out most of the base-to-emitter voltage of Q1, so that
the output would tend to be near zero without any zero ad-
justment. A slight zero adjustment, provided by R2 and R3,




96 uh
-
+ |
R6 =V
100K T
OUTPUT
=3 .
f
400 »V/cm X 1 msec/cm Eo
[
i3
200K =1
P a3 —9V
Mt T |
\
I i R2 R4 RS
e ey 10Mo 10M 470K
o y | il |
[ B - - T om e
I 3 Cl==5pf T0 NEP = —95 dBm
== F ¢ REDUCE T 19 |
- OVERSHOOT - |
ZOUTPUT = 300 .
ED

VERTICAL: (UNSPECIFIED)
HORIZONTAL: 20 usec/cm

TRANSRESISTANCE = —2-= 1070
AT

2

Figure 4. Transistor Photodiode Amplifier Schematic

gives the necessary range without appreciably attenuating the
feedback current. As the photocurrent, I, increases, the
amplifier causes the voltage at the emitter of Q3 to decrease,
which causes a current in R1 to flow out of the node (base of
Q1) into which I, flows.

LEAD NETWORK COMPENSATION

Negative feedback is not the only way to compensate for
the low cutoff frequency imposed by high input resistance.
The important thing is to preserve the signal-to-noise ratio.
An ordinary lead network at the output can be used to com-
pensate for the gain slofpe of the photodiode/amplifier
system having low cutoff frequency. An example of such a
network is shown in Figure 5. A word of caution here:
There may be considerable attenuation in the lead network,
but the signal level must not be allowed to fall so low that

the signal-to-noise ratio is affected. This scheme therefore i
requires a higher amplifier gain, A, than there is loss in the |
lead network. Since the use of negative feedback will tend to )
stabilize the gain of the system, it is ordinarily preferred over
lead-network compensation. |
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use an electrometer type of amplifier, but even with such an
amplifier a careful design technique must be used. The prin-
ciple involved in this technique is to simply represent all
sources of noise in the amplifier as equivalent currents at the

input. Noise sources which produce a constant output voltage
with frequency, such as field-effect transistor channel noise
and thermal noise, acquire an (f)*! spectral shape when they
are referred to the input as equivalent currents because they
are multiplied by the input susceptance. By plotting the
asymptotes of noise current per root hertz from various
sources in the amplifier, a profile of the variation with fre-
quency of the signal-to-noise ratio can be obtained. Such a
plot of asymptotes is shown in Figure 6. The limits within
which the photodiode noise dominates are abundantly clear.
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Figure 6. Calculated and Measured Noise Current Referred
to Gate of Field Effect Transistor




A diffused-channel FET is selected for this application be-
cause its noise properties are much better than the MOS type.
Suggested FET types are the 2N3457 and 2N3969 fr0m
Amelco Semiconductors, or similar low-noise field effect
transistors.

In provndmg compensation for the low cutoff frequency,
the circuit given in Figure 7 illustrates the feedback tech-
nique. A resistor of 10 gigaohms (10,000 megohms) was
used for the feedback resistance, although the noise calcula-
tion indicated that 1.0 gigaohm (1000 megohms) would
have been large enough. This is because the actual noise
current is often actually less than the shot noise computed

from leakage current, and leakage current is typically less
than the specified maximum.

The FET is operated as a soutce follower, rather than a
voltage amplifier, to avoid multiplication of the gate-to-drain
capacitance. The source load resistance was selected so that,
with Ijse flowing in the channel, the source voltage would
be near ground. A differential amphﬁer (Q2 and Q3) re-
ferred to ground was chosen rather than a single stage in
order to keep the impedance at the source of Q1 as high as
possible, and thus keep the signal-to-noise ratio high. Q4
prowdes the phase reversal needed for negative feedback
and Q5 is added to keep the output impedance low.
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TWX: 810-427.9129

3460 South Dixle Drive
Dayton 45439

Tel: (513) 298-0351
TWX: B10 459-1925

OKLAHOMA

2919 Uniled Founders Boulevard
Okiahema Clty 73112

Tel: (405) B48-2801

TWX: 910-830 6862

OREGON

Westhllls Mall, Sulle 158
4475 S.W. Scholls Ferry Road
Poriland 97225

Tel: (503) 292.9171

TWX: 910-454-6103

PENNSYLVANIA
2500 Moss Side Bouleyard
Monroeville 15146
Tel: {412) 271-0724
TWX: 710.797-3650

PERU

Fernando Ezdla B

Avenida Petit Thovars 4719
Miraflores

Casilla 3061

Lima

Tel: 50346

Cable: FEPERU Lima

PUERTYO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3.Pla. de Tlerra

Tel: (809) 725-3342

Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A
Comerclal e Industrial
Avenlda Nalla 2877
Casilla de Correo 370
Monteyldeo

Tel: 40-3102

Cable: RADIUM Montevideo

ONTARIO

Hewletl-Packard (Canada) Ltd
880 Lady Ellen Piace

Ottawa 3

Tel: (613) 722-4223

TWX: 610-562-1952

Hewlett-Packard (Canada) Ltd
1415 Lawrence Avenue Wesl
Toronto

Tel: (416} 249-9196

TWX: 610-492-2382

1021 Bth Avenue

KIng of Prussla Industrlal Park
King of Prussla 13406

Tel: (215) 265-7000

TWX: 510660-2670

RHODE ISLAND
873 Walerman Ave.
East Providence 02914
Tel: (401) 434-5535

P.0. Box 1270

201 E. Arapahoe Rd
Richardson 75080
Tel: (214) 231-6101
TWX: 910.867-4723
P.0. Box 22813

4242 Richmond Avenue
Houslon 77027

Tel: (713) 667-2407
TWX: 910 881-2645

GOVERNMENT CONTRACT OFFICE
225 Bllly Mitchell Road

San Antonlo 78226

Tel: (512) 434-4171

TWX: 910-871-1170

Ut

2890 South Main Street
Salt Lake Clty 84115
Tel: (801) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmond 23230
Tel: (703) 282-5451
TWX: 710.956-0157

WASHINGTON
433-108th N.E,
Ballsvue 98004
Tel: (206) 454-3971
TWX: 910:443-2303

FOR U.S. AREAS NOT
LISTED:

Contact the regional oftice near-
est you: Atlanta, Georgia
North Hollywood, California . .
Paramus, New Jersey . .. Skokie,
Hinols. Their complele ad-
dresses are lisled above.

VENEZUELA
Hewlelt-Packard De Venezuela

CA

Aparlado del Este 10934
Chacaito

Caracas

Tel: 71.88.05, 71.68.69, 71.88.76
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED,
CONTACT:

Hewletl-Pachard Inter-Americas
3200 Hillvlew Ave

Pale Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8461

QUEBEC

Hewlett-Packard (Canada) Ltd
275 Hymus Boulevard

Pointe Clalre

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:
Contact Hewleu-Packard (Can-
ada) Ltd. In Polnte Claire, at
the complete address listed
above.
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AUSTRIA

Unilabor GmbH
Wissenschaltliche Inslrumente
Rummelhardtgasse 6/3

P.0. Box 33

Vienna A-1095

Tel: 42 61 81

Cﬂhl!- LABORINSYHUMENT

Vienn:
Telex: 75 762
BELGIUM

Hewlett-Packard Benelux S.A
348 Boulevard du Souverain

i 16
Tel: 72 22 4
Cable: PALOBEN Brussels
Telex: 23 494

DENMARK
Hewlell-Packard A/S
Langebjerg 6

2850 Nasrum

Tel: (01) B0 40 40
Cable: HEWPACK AS
Teler: 66 40

FINLAND
Hewlett-Pachard Oy
Gyldenintie 3

Helsinki 20

Tel: 67 35 38

Cable: HEWPACKOY-Helsinki
Telex: 12-1563

ANGOLA

Teleclra Empresa Técnica
de Equlpamenios Eléclricos
SAl

R
Rua de Barbosa Rodrigues
42-1°
Box 6487
Luanda
Cable: TELECTRA Luanda

AUSTRALIA

Hewleti-Packard Ausiralia
Ply. Ltd

22-26 Weir Street

Glen Irls, 3146

Victoria

Te): 201371 (4 lines)

Cable: HEWPARD Melbourne

Telex: 31024

Hewletl-Pachard Ausiralla

61 Alexander Slreel
Crows Hest 2065

New South Wales

Tel: 43.7866

Cable: HEWPARD Sydney

Hewlelt-Packard Australia
Ply. Ltd

¥.
97 Churchill Road
Prospect 5082
South Australia
Tel: 65.2366
Cable: HEWPARD Adelaide

Hewlell Packard A
Pty. Ltd

2nd Floor, Suite 13
Casablanca Bulldings
196 Adelaide Terrace
Perth, W.A_ 6000

CEYLO!

Unlled Electrlcals Lid
P.0.

Vihlla Building

Staples Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Colombo

FRANCE

Hewlell-Packard France
Quartier de Courlaboeul
Boite Postale No. 6

91 Orsay

Tel: 920 88 01

Cable: HEWPACK Orsay

Telex: 60048 HEWPACK ORSAY

Hewlelt-Packard France
4 Quai des Elroils

69 Lyon Se

Tel: 42 63 45

Cable: HEWPACK Lyon
Telex: 31617

GERMANY

Hewlett-Packard Vertrlebs-GmbH
Lietzenburgersirasse 30

1 Berlin W 30

Tel: 24 60 65/66

Telex: 18 34 05

Hewleit-Pachard Vertriebs:.GmbH
Herrenbergerstrasse 110

703 BBblingen, Wilrttemberg
Tel: 070316671

Cable: HEPAG Béblingen

Telex: 72 65 739
Hewlett-Packard Vertriebs-GmbH
Achenbachstrasse 15

4 Dlwseldarf 1

Tel: 68 52 58/59

Telex: 85 86 533

Hewlatt-Pachard Vertiiaby Gt
Kurhnssenstrasse §5

6 Frankfurt 50

Tel: 52 00 36

Cable: HEWPACKSA Frankfurl
Telex: 41 32 49

CYPRUS
Kypronics
19-190 Hommer Avenue

Tel: 6282-75628
Cable: HE-I-NAMI

ETHIOPIA

African Salespower & Agency
Private Ltd., Ci

P. 0. Box 718

58/59 Cunningham St

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmldt & Co. (Hong Kong) Lid
P.0. Hox 297

1511, Prince’s Bullding

10, Chater Road

Hong Kon;

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA
The Sclentific Instrument
Co,,

6, I!ar;adur Sapru Road
Allahabad 1

Tel: 2451

Cable: SICO Allahbad

The Sclenlilic Inslrument
240 Dr Dadabhai Naoroji Road
Bombay 1

Tel: 26-2642
Cable: SIC0 Membay

The Selentiftle Instrument

0.,
11, Esplanade East
Colcutta 1

Tel: 234129

Cable: S1CO Calcuita

The Scientlfic Insirument Co., Ld.
30, Mount

Madras 2

Tel: 86339

Cable: SICO Madras

HEWLETT - PACKARD

SALES AND SERVICE
EUROPE, AFRICA, ASIA, AUSTRALIA

EUROPE

Hewleit-Packard Vertrlebs-GmbH
Belm Strohhause 26

2 Hamburg 1

Tel: 24 05 51/52

Cable: HEWPACKSA Hamburg
Telex: 21 53 32

Hewleit-Pachard Vertrlebs-GmbH
Reginfriedstrasse 13

8 Miinchen 9

Tel: 0B11 69 59 71/75

Cable: WEWPACKSA Miinchen
Telex: 52 43 85

GREECE

Koslas Karayannis
18, Ermou Slreet
Athens 126

Tel: 230 301

Cable: RAKAR Athens
Telex: 21 59 62

IRELANI

Hewletl- Pachvd Ld.
224 Bath Road

Slough, Buchs, England
Tel: Slough 753:33341
Cable: HEWPIE Slough
Telex: 84413

ITALY

Hewletl-Pachard Ilallana S.p.A
Yiale Lunigiana 46

20125 Mllln

Tel: 69 1

Cable: HEWPACKIT Milan
Tefex: 32046

Hewlelt-Packard Italiana S.p.A
Palazzo Italla

Plazza Marconi 25

00144 Rome - Eur

Tel: 591 2544

Cable: HEWPACKIT Rome
Telex: 61514

NETHERLANDS
Hewlelt-Packard Benelux, N.V.
Weederstein 117

Amsterdam, Z 11

Tel: 42 77 77

Cable: PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewletl-Packard Norge A/S
Box 149

Nesveien 13

Heslum

Tel: 53 B3 60

Cable: HEWPACK Oslo
Telex: 6621

PORTUGAL

Telectra

Rua Rodrigo da Fonsecs 103
P.0. Box 2531

Lisbon 1

Tel: 68 60 72

Cabile: TELECTRA Lisvon
Telex: 1598

AFRICA, ASIA, AUSTRALIA

The Scientitic Imalrumend oo Lid,
5-8:525 Mahalma Gandhi Road
Hyderahad-1 (A-P) India

Cable: SICO Hyderabad

The Sclentlfic Inslrument Co., Ld.
B-7, Ajmerl Gate Extn

New Dalhl 1

Tel: 27-1053

Cabfe; SICO Mew Daihi

INDONESIA

Bah Bolon Trading Coy. N.V
Djalah Merdeka 29
Bandung

IRAN

Telecom, Ltd,

P. 0. Box 1812

240 Kh. Saba Shomali
Teheran

Tel: 43850, 48111
Cable: BASCOM Teheran

ISRAEL

Eleclronics & Engineering
Dlv, of Molorola Israel Lid

16, Kremenetski Streel

Tal-Avly

Tel: 35021 {4 llnes)

Cable: BASTEL Tel-Aviv

Telex: Bastel Tv 033-569

JAPAN

Yokogawa Hewlelt-Packard Lid.
Nisei Ibaragi Bldg.

2:2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa Hewlett-Pachard Lid
Ito Bullding

No. 59, Kolori-cho
Nakamura-ku, Nagoya City
Tel: §51-0215

Yokogawa-Hewleit-Packard Lid
Ohashi Bullding

59 Yoyogi 1-chrome
Shibuya-ku, Tekyo

Tel: 370-2281

Telex: 232.2024YHP

Cable: YHPMARKET TOK 23.724

KENYA

R. J. Tlibury Ltd,
P. 0. Box 2754
Sulte 517/518
Hotel Ambassadeur
Nalrebi

Tel: 25670, 26803, 68206, 58196

Cable: ARJAYTEE Nairobi
KOREA

American Trading Co., Rorea, L1

P.0. Box 1103

Dae Kyung Bldg.

107 Sejong Ro

Chongro Ku

Seoul

Tel: 75-5841 (4 lines)
Cable: AMTRACO Seoul
LEBANON
Constantin E. Macridls
Clemenceau Streel
Clemenceau Center
Belrut

Tel: 220846
Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysla Lid

2 Lorong 13/6A

Seclion 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A N. Goncalves, LDA
4.1 Apl. 14 Av, D. Luis
P.0. Box 107
Lourenco Marques
Cable: NEGON

NEW ZEALAND
Hewletl-Packard (N.Z.} Ltd
32-34 Kent Terrace

P.0. Box 9443

mlllnllon N2

Tel: 56-409

Cable: HEWPACK Wellingtan

PAKISTAN (EAST)
Mushko & Company, Ltd.
31, Jinnah Avenue

Dacea

Tel: 80058

Cable: NEWDEAL Dacca

SPAIN

Ataio Ingenieros
Ganduxer 76
Barcelona 6

Tel: 211:44.66
Alalo Ingenieros
Enrlque Larreta 12
Wadrle, 16

Tel: 235 43 44
Cable: TELEATAIO Madrid
Telex: 2 72 49

SWEDEN

Hewlett-Packard (Sverige) AB
Hagahkersgatan 9C

431 04 Mbindal 4

Tel: 031 - 27 68 00

Wewleit Packird (Sverige) A

Svelsarvagen 7

§171 20 Selna 1

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Slockheim

Telex: 10721

SWITZERLAND

Hewlell Packard (Schweitz) AG
Zurcherslrasse 20

8952 Schileren

Zurleh

Tel: {051) 98 18 21/24

Cable: HEWPACKAG Zurich
Telex: 53933

PAKISTAN (WEST)
Mushko & Company, Lid.
Qosman Chambers

Victorla Road

Karachl 3

Tel: 51027, 52927

Cable: CODPERATOR Karachl

PHILIPPINES
Electromex Inc

2129 Pasong Tamo
Makali, Rizal

P.0. Box 4326

Manlla

Tel: 88:91:71 or 88-83.76
Cable: ELEMEX Manila

SINGAPORE
an

Hewlell Pachard (Schweltz) A.G.
Rue du Bois-du'Lan 7

1217 Meyrin Geneva

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva
Tetex: 2 24 86

TURKEY

Telekom Engineering Bureau
P.0. Box 376 - Galala
Istanbul

Tel: 49 40 40

Cable: TELEMATION Isianbul
UNITED KINGDOM
Hewlett Packard Lid

224 Bath Road

Slough, Bucks

Tel: Slough 753-33341

Cable: HEWPIE Slough
Tetex: 84413

YUGOSLAVIA

Belram S.A

83 avenue des Mimosas
Brussels 15, Belglum

Tel: 34 33 32, 34 26 19
Cable: BELRAMEL Brussels
Telex: 21790

FOR AREAS NOT LISTED,
CONTACT:

Hewlett-Packard § A

Rue du Bois-du-lan 7

1217 Meyrin-Geneva

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva
Telex: 2.24.86

TANZANIA

R. J. Tilbury Lid
P.O. Box 2754
Suile 517/518
Holel Ambassadeur
Nalrobi
Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nalrobi

THAILAND

The Internatlonal
Englneering Co., Ltd.

P. 0. Box 38

14 Sukhunvil Road

Bangkok

Tel: 910722 (7 lines)

Cable: GYSOM Bangkok

Englneering Company Lid
9, Jalan Kilang
slnupcn, 3
Tel: 642361-3
Cable: MECOMB Singapore

SOUTH AFRICA

Hewlelt Packard South Atrica
(Pty.), Ltd

Hill House

43 Somerset Rd

Cape Town

Tel: 3:6019

Cable: HEWPACK Cape Town

Telex: 7038CT

Hewlelt Packard South Africa
(Ply.), Ltd

P.0. Box 31716

30 De Beer Slreel

Braamfontein, Johannesburg

Tel: 724-4172 724:4195

Telex: 0226 JH

Cable: HEWPACK Johannesburg

TAIWAN
Hwa Sheng Eleclronic Co, Lid
P. 0. Box 155
Room 404
Chia Hsin Building
No. 96 Chung Shan
North Road, Sec 2
Talpel
Tel: 555211 Ext, 532-539
Cable: VICTRONIX Taipei

R. J. Tlibury Lid

P.0. Box 2764

Suile 517/518

Hotel Ambassadeur

Nalrobi

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

VIETNAM

Peninsular Trading Inc
P.0. Box H-3

216 Hlen-Yuong
Salgon

Tal: 20.805
Cable PENINSULA Shigon

ZAMBIA

R. L. Tlbury (Zambla) Lid,
P.0. Box 2792

Lusaka

Zambia, Central Africa

FOR AREAS NOT LISTED,

CONTACT:

Hewletl-Packard Exporl
Markeling

3200 Hiltvlew Ave.

Palo Allo, Calitornla 34304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Allo

Telex: 034-8461
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