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HP 4278A 1 KHz/l MHz Capacnance Meter ()}B HEWLETT

Exceed Todays Capacitor Test Reqmrements . |

Technical Data

e 1 KHz and 1 \f!Hz Teqtmg
o Accuracy with High Throughput
e High Resolution and Stability


csamii



HP '4278A'-1 KHz/1 MHz Capacitance Meter

Enhances Testing Efficienéy and Capacitor Quality

The HP 4278A 1 KHz/1 MHz Capacitance
Meter ts ideally suited for the production line,
quality assurance, incomingfoutgoing inspection, and
research and development. Capable of measuring
capacitance, dissipation factor, quality factor,
equivalent series resistance, and conductance at
1 KHz and 1 MHz, the HP 427BA can test most
ceramic, film, and mica capacitors.

The HP 4278A has an impressive set of
accuracy, resolution, and throughput specifications
to reduce testing cost and improve component
quality. With a C accuracy of 0.05%, a DF accuracy
of 0.0002, and DF resolution of 0.000001 at 1 MHz,

. the HP 4278A exceeds today’s low DF and low ppm
level testing requirements. At 1 KHz, the C and DF
accuracies are equally impressive at 0.075% and
0.0005, respectively. All measurement parameters; C,
DF, Q, ESR, and G have six digits of resolution.

To reduce test time and improve testing ef-
'fiaency, the HP 4278A’s most accurate measure-
ment Hime is 4 mere 21 ms. This translates into a

- throughput of over 171,000 parts per hour. If an -

- even higher throughput is required, the 6.5 ms
measurement time y;elds a throughput of 553,000
parts per hour..

The HP 4278A fast short-circuit recovery
systern improves throughput even more, Normal
operation is resumed the instant the shorted device .
is removed. This means the handler can always be
operated at full speed and capacitors will always be
sorted into their proper bm

KEY SPECIFICATIONS

" Measurement Parameters
Number of Display Digits
Fest Frequency .
Measurement Range

o0 O0

Measurement Accuracy

Measurement Time -
Test Signal Levet

Test Cable Length
Cbhpa’rato’r Function .

' *1 MHz High Accuracy Mode

0.001pF-200.000 uF

Increase Production Versatility
While Reducmg Cost

No longer do you need to perform the
expensive and time consuming task of switching
different bridges in and out of your test systems.
The HP 4278A allows you to select either test
frequency, 1. KHz or 1 MHz, via the softkeys. To
increase production efficiency even more, the

" memory card feature allows the operator to quickly

Accuracy, Résolutinn_., and Throughput

set up the entire instrument in a matter of seconds,

The test signal level is variable from 0.1 Vrms
to 1.0 Vrms in 0.1 Vrms steps and complies with all
international test standards.

Reduce Operator Errors

_ One of the most important objectives in pro-
duction test, is the elimination of erroneous control
and comparator settings. To help eliminate this
problem, the HP 4278A’s large LCD display provides’
precise information on control settings, measure- -

. ment data, and comparator limits. To improve this

process even more, the memory card is capable of -
setting all control and comparator limits with a
~ simple push of a button

- Simple Integration with a2 Handler
~ To facilitate the integration of the HP 4278A

into your test system, optional handler and high
speed HPIB interfaces are available. Standard with
every HP 427BA is the advanced comparator with
sequential and tolerance sorting capability, the new
working standard compensa tion, and new data offset
functions.

¢, DF, Q, ESR, G
4, 5, or 6 digits (selectable)

1 MHz"

0.00001 pF-2663.00 pF
0.000001-0.999999

0.05%
0.0002

1 KHz

0.00001-98.99998

0.075%
0.0005

6.5 ms/10 ms/21 ms
0.1 Vrms to 1.0 Vrms in 0.1 Vrms Steps
0, 1, and 2 meters

. Primary Measurement Parameter: 10 BINS
Secondary Measurement Parameter. HIGH/IN/LOW



A 1 KHz/1 MHz Capacitance Meter

LARGE LCD DISPLAY MENU AND SOFTKEYS

For easy viewing of measurement results, Fast and convenient instrument setup.
instrument settings, and bin information.

FOUR TERMINAL PAIR MEASUREMENT

Eliminate measurement errors due to mutual
inductance, stay admittance, and residual im-
pedance in the test cabling and fixturing.

3



HANDLER INTERFACE (Option 201}

Connect the HP 4278A with your favorite
handler for reliable high throughput testing.

NUMERIC KEYPAD ' HPIB (Option 101)

Enter bin settings quickly and easily. High speed data logging and instrument
control are now paossible with HPIB.

MEMORY CARD

Eliminate setup errors and idle time between
production runs by leading all instrument setting
and bin information using the memory card.
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Applications

Automated Production Testing

No longer do you have to sacrifice system
throughput to obtain accurate C and DF measurements.
The HP 4278A’s HIGH ACCURACY mode is ideally
suited for today’s and tomorrow’s stringent C and DF
production testing requirements. The measurement time
in the High Accuracy mode is a mere 21 ms. A faster
10 ms measurement mode can be selected for those
applications requiring only moderate C and DF testing
limits.

To improve operator efficiency and minimize errors,
the entire instrument setup including bin limit
information can be easily set using the memory card.

A flexible multiple bin sorting capability, digital
handler interface, advanced automatic calibration and
rompensation functions, and high speed HPIB operation
make for easy system integration.

Manual Production Testing

For those short production runs where high cost
automatic handlers are not appropriate, the HP 4278A’s
advanced design and powerful features make it an ideal
tool for manual measurement. The HP 4278A’s large
clear LCD display is capable of presenting measurement
data and bin information in a format that helps speed
the sorting operation. The handler interface output lines
can also be used to control bin indicators.

Both HP and customer/application specific test
fixtures can be used with the HP 4278A. The easy to
use compensation functions can eliminate any test
fixture’s stray parasitics from the measurement data and
thus improve measurement accuracy. Another unique
feature of the HP 4278A is the Status Display page. By
reviewing the test fixture’s stray parasitics, the operator
can quickly determine if the test fixture is good or needs
replacement.

Quality Assurance
Research and Development

The HP 4278A’s high accuracy, 1 ppm resolution,
and high stability makes it an excellent choice for
Quality Assurance, and Research and Development. At
1 MHz, the DF accuracy is an amazing 0.0002 while the
DF resolution is an incredible six digits (0.000001) or
1 part per million. Capacitance accuracy is equally
impressive, 0.05% and 0.075% at 1 MHz and 1 KHz,
respectively.

For quality assurance applications, the HP 4278A
will allow you to meet or exceed the ever tightening
quality control standards. The internal data storage and
HPIB capability also allows for data manipulation and
statistical analysis.

In R&D, the HP 4278A’s DF resolution of 0.000001
is essential when developing and evaluating new low
dissipation factor capacitors and materials.



Features

Simple Operation and Large LCD Display

All of the measurement parameters and functions
can be set or selected using the MENU and softkeys.

S The numeric key pad, enter, clear, and cursor keys are
=R LS designed for quick and convenient data entry. To change
EERR or set a comparator limit, simply move the cursor to the
proper location in the Limit page, clear the entry, and
enter the new value. Selecting either the 1 KHz or
1 MHz test frequency is equally simple.

The large clear LCD display allows you to quickly
review the instrument’s state and measurement data.
The HP 4278A can also display data in many different
formats. To the left, we see the Measurement, Limit,
and Sorting Page displays. The Measurement Page
highlights the C-DF measurement results and provides
information on the instrument’s settings. The Limit Page
clearly displays all of the comparator settings and bin
counts. The Sorting Page displays bin decisions and is
ideally suited for MANUAL PRODUCTION TESTING
AND SORTING.

Intelligent Go/No-Go Sorting
The HP 4278A’s built-in comparator can sort

SEQUEMNTHAL SORT YOLERANCE S0RT
capacitors into a2 maximum of 10 bins. Two limit setting
A A modes are available; sequential and tolerance. In the
OUY OF BINS QUT OF BINS sequential mode, the upper and lower limits for the bins
Bin 6 Bin 3 are set. For the tolerance mode, a nominal value is set
w 8in 5 Bin 2 and the variation from the nominal value is used to
2 8in 4 4 Bin 1 determine the bin limits.
5 Pyt T Numina Vaiue = In addition, the HP 4278A has several new built-in
% . - - features. The bin count function tracks the number of
© i : ot components sorted into each bin for statistical quality
Bin 1 ' B 3 control. Components which pass the DF test but fail the
C test can be sorted into the AUXILIARY BIN. And the
; - : — - comparator allows you to choose either C or
Low I HIGH LOW N HIGH DF/QIESRIG as the primary sorting parameter.
DISSIPATIONFACTOR All of these new features combine to make the

HP 4278A’s built-in comparator the most advanced and
easy to use in the industry.

Quick Instrument Setup

The memory card can eliminate all instrument setup
errors and minimize the idle time between production
runs, thus improving production quality and efficiency.
The entire HP 4278A measurement set up including bin
limit information can now be stored and loaded using
the new memory card feature.

To operate, simply insert the memory card into the
slot and press the load key. The card can now be
removed and used to setup other HP 4278As.
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Improve Accuracy and Repeatability

The new working standard compensation function
improves measurement accuracy. By using YOUR
capacitor standard as a reference, all measurement
results are now relative to your standard. This improves
measurement accuracy and repeatability.

The other advanced compensation features of the
HP 4278A can eliminate all of the system errors
introduced by the test leads, scanners, and the handler
test head. The zero open and short compensation
functions are used to cancel the parasitics in the system
fixturing. The new TEMPERATURE compensation
minimizes internal conversion errors. The new OFFSET
function allows the user to offset the measurement
results by a user defined value.

All of these advanced compensation functions
combine to produce the most accurate and repeatable
measurements results possible.

Precision Measurements Over
Entire Range

To achieve a C accuracy of 0.05% and a DF of
0.0002 at 1 MHz, the HP 4278A features a new full
scale measurement ranging technique. To use this new
high accuracy ranging, the user only needs to enter a
center value, the measurement range will then be £30%
of the center value. Any component outside this range,
will automatically be sorted into the OUT of BINS.

In addition, a new binary auto ranging mode has
been developed for general purpose 1 MHz testing. The
full scale measurement range changes in binary steps
from 1 pF to 1024 pF to optimize measurement
accuracy.

So whatever your testing requirements are, the
HP 4278A has been designed to provide you the most
accurate and repeatable measurement results possible.

Handler Interface (Option 201)

The HP 4278A’s handler interface is compatible
with the HP 16064A Comparator (used with the
HP4276A and HP 4277A LCZ Meters). To maintain
highly reliable sorting, optically isolated open collector
drivers are used on all output signals.

For those future applications requiring the use of
the HP 4278A 6.5 ms high speed measurement
capability, an INDEX signal is provided to optimize
handler, scanner, and meter timing. Many measurement
status indicators are also provided for Statistical Quality
Control applications.



Specifications

MEASUREMENT FUNCTIONS

Measurement Parameters.
G (capacilance), DF idissipation facior, O iquality
{acior), ESR 1equivalent series resistance |, G iconduclance}.

Combinationy:

Parallel C-DF. C-Q. C-G
Serieg C-DF, C-Q. C-E5R

Ranging: Auto and Manual
Trigger: Internal, External and Manual

Delay Time: Programmable delay from the trigger command to the start of the
measurement, 0 10 1000 m3 in 1 ms steps.

Measurement Terminaly: Four Terminal Palr

Test Cable Lengih: 0, 1, and 2 meters

Integration Time: Short. Medium, and Long
Averaging: 1. 2. 4, . . ., 126, and 256. programmabie,

TEST SIGNAL
Test Frequency and Accuracy: 1 KHz and 1 MHz, +0.02%
Signal Level and AcGuracy: 0.9 ko 1.0 ¥rms in 0.1 Vems steps, +10% for C < 20 uF

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS

Stabiliy: LONG Integralion and constant operabing temperaiure.

G = 0.01%/day
D = 0.0001/day

Temperature Coefficient: LONG integration and 23+5°C.

C = 0.01%°C; 1 KHz and 1 MHz,
G =0.0001/°C; 1 KHz and 1 MHZ Mormal Mode.
D = 0.00004/°C; 1 MHz High Accuracy Mode.

Settiing Time: Test fraquency, last signal laved, and range 1mandal and remote): 100 ms

tnpul Protection:
Internal circuit protection. when a charged capacilor is connected 10 the Unknown
terminals. The maximum capacitor voltage is:

Vmax = /2/C where: Wman < 1 KV and C is in Farads.

MEASUREMENT TIME

Total Measurement Time = Measurement Time + Display Time

Measuramant Time
DISPLAY Mode Settling Aralog Dugital Measuremenl
LCD Dot-matrix type display. Capable of displaying: measured vatues, control seflings, Tima M i Comp i Time
comparator imils and decisions, sell test messages, and annunciations. SHORT P, 7ms pp— 55T 05me
COMPENSATION FUNCTIONS MEDIUM 1ms 5.4ms 4ms W:ims
Zero QPEN/SHORT: Compensation range: R = 20015 = 20 xS, and unlimited C and L. LONG 1 ms 19.6 ms &ms 21+ 1ms
Siandard: Impraoves measurement accuracy by using a standard capaciior as a reb
Offset- Ari ic & ion of data. Dlaplay Time
MPARATOR FUNCTION Measurement Limit Sorting Status
co © Paga itypical) Page™ Page (typical Page
Sorting Modes:
Sequential is unnested with absolute upper and lower limits. Tolerance is nested 5 ms 0 ms 24 my 0ms

pands with absoluie or percent limits. Both sequential and tolerance are
for the primary sorting parameter 1C or DFAQ/ESR/G ), maximum of 10 bins, HIGH/INS
LOW is for the sacondary sorting parameter | DF/Q/ESRAG or G,

Dacision Outputs: Bin number, Auxiliary bin, Out of Bing, and rejection status.
Birt Count: Maximum count ¢f 839599 tor each bin,

OTHER FUNCTIONS
Memory Card: Removalde memory device Lo store and recall all control and limil informaticn,

Sall Test and Auto Calibration:
Sofikay or HPIB controllable. Provides a means 1o confirm proper aperation and cali-
brale 1he HP 42784 using the HP 16380A/C Standard Capacilors.

GENERAL SPECIFICATIONS
Operating Temperalure and Humidity: 5°C 10 45°C, =85% RH a1 40°C
Srorage: -20°C & 60°C
Power Requirements: 100/120/220V + 10%, 240V - 10% to +5%, 48 to 66 Hz, 200 VA imax|
Suze 426iW) x 1771H) x 488D imm
Waight: Approx. 15 kg 133 tb.

OPTIONS

Option 003 1% 1esl frequency shift, Prevents possible test signal interference from other
1 KHZ and 1 MHZ sighat sources.

Optiont 101 HP-1B Imariace.

All controls settings, measurad values, self-1esl resulls, and comparater
information Dara output time is a maximum 10 ysec/byte idepends upon
controller | Handshake lime |5 typically 2 to 3 ms using a HP 9326/36.

QOpnon 201. Handler Interface.

All output signals are negative kagic. optically solated open collectars.
Quiput signals include: bin number, out of bins, rejection status, index,
measurement complete, and alarm_ All inpul signais are optlcally isolated.
Input signals include: kevlock and external trigger.

* Typically 2 ms when bin count data is displayed.

MEASUREMENT RANGE
Measurement 1 KHz 1 MHz Normal Mode
Parameter 1 MHz High Accuracy
00001 pF y
¢ 0.001 pF 16 200.000 yF | 709001 PF Lo 1260.00 pF
000001 pF 10 2663.00 pF
DF 0.00001 to 9.99959 000001 to 9.96999
1000001 to 299908
(o) 0.1 to 999989 0.1 0 999%9.9
20 to 998999
G 0.00001 46 to 9600005 | 000001 w5 10 996999 mS
0.00001 ;S 1o 9.99999 mS
001 .
ESR Q000011 to 9.99999 M 000142 1o $99.899 K1
0.00192 10 999.999 K1}

MEASUREMENT RANGE NOTES:

1. 1 KHz Normal Mode: 7 decade ranges 100 pF to 100 uF full scale. 100% overranging on all
ranges, (max. 200000 counts) when D = 0.5

2. 1 MHz Normal Mode: 11 binary ranges. 1 pF to 1024 pF Tull scale. 25% overranging on all
rangas, when D < 1,

3. 1 MHz High Accuracy Mode: Measurement range is £30% of the user defingd nominal value,
maximum 2048 pF. When O < D05

4, G and ESR ranges d d on the j valug.

5. All parameters have six digis of resolution,



MEASUREMENT ACCURACY

Is specihied & 1he UNKNOQWN tarminals and ai the end
of siandard 1 or 2 meter {est leads under the following
condhions.

1 Warm Up Time =10 minutes,

2 Ambienl Temperalure is 23 + 5°C and variance is
less than 0.2°C/minute,

3. Test signal level 15 set 1o 1 Vems,

4. Test cabie lengih iz 0, 1. or 2 meters
iHP 1804848/D).

5. Zera OPEN/SHORT compensation has been
performed,

6. D = 0.05 for 1 MHZ High Accuracy Mode.
0= 0.1 for 1 KHz and 1 MHz Normal Modes,

All accuracy 1ables provide

SHORT, MECIUM AND LONG
integration acturacy eguations.

SHORT
MECILM
LONG

1 KHz MEASUREMENT ACCURACY SPECIFICATIONS

G RANGE MEASUREMENT PARAMETERS
151 C DF G ESR
% of % of tull % of Absolute Absolute Absalule
reading scale reading value value value
0.19% ITa% 0.19% 0.037 (124231a)Cy uS 10 3/Cy +0 DB
100 &F 013% 0.302% 0.13% 0003 18 2419%1C 05 1D.21/C+0.00511
0.07% 0.25a2% (0.065% 0.0025a 4 1+16a 13, g5 Q.10 +0.004 1Y
10 wF
1 uF 0.15% 0.3% 0.15% 0.008/ (9ACH19CH} p3 10.24+0.48¢0 2/ 12
100 nF 0.1% 0.05% 0.1% 0.001/0 B30 +ANCH uS 10.16+0.08/p 1/Cy (1
10 nF 0.05% 0.025% 0.05% C.0005/x 1AACH1BCH uS 10.08+0.04/01/Cy 12
1nt
100 pF
NOTES:

1. Accuracy equarions are read as fothows
C: +¢% of reading + % of tull scale)
D: %% of reading + % of absolute D value)
G: riabsolule G value)

3. 100 xF range accuracy is only specified when o> 0.2

4. Additional error due to temperature. Multipy 1he
measurement accuracy by the temperature factor.

ESR: +iabsolute ESR valug) Temp. °C | 18 | 28 i
2. Gy = C reading in pF
&1 = C range 100 uF, 10 uF, . .., 0.0001 4F Factor 2| x]w
a=C/Ct oz lete=1
1 MHz NORMAL MODE MEASUREMENT ACCURACY SPECIFICATIONS
C RANGE MEASUREMENT PARAMETERS NOTES:
1. Accuracy equations are read as follows:
1Gh < CF G ESR C- +1% of reading + % of full scale:
% of % ol full % ol Absolute % of Absolule % ot Absolute D: +1% of reading + abscluie D value:
reading scale reading value reading valug reading value G *1% of reading + abzolule G value:
R: * ing + R ovale
1024 pF | 03% | 0.4% 03% | 4BOCKC:E 0t ESR: *1% of reading + absolute ESR value
2 Cu = C reading in pF
512 pF 0.2% 0.02% 0.2% 320002 1N Gi = C range 11 pF. 2 pF. .. .. 1024 pF1
256 pF 0.1% 0.02% 0.1% BOCHTHE N o = Cw/Cr
126 pF 0.% | 0.00%a ¢.3% 10.019C+0.025CH w3 3. Agditional arror dug Lo temperalure. Multiply the
meas U rement accuracy by the temperature facior.
64 pF 0% | 0002 0.2% 10.013C, H0.0013C ) uS
3z pF 0.3% 0.4% 0.1% | 00005 | 005% | 10.0031C+0.0013Ck uS Temp °c 1 5 [ 8 |18 [28 ]3] as
16 pF 02% | 0.02% 03% | 480CHC,2n Factor BRI EE
B8 pF 0 05% G.02% 0.2% JIANCHTe2 1)
4 pF 0.05% BOCHCxE 1)
0.3% 0.4% 0.3% 1G.019C,+H0.05) oS
2 pF 0.2% 0.03% 0.2% (0.013C,+0. 00381 LS
0.05% 0.03% 0.05% | (0.0031C+HD.0038) w5
0 3% 8% 0.3% 0 006/ 0% 10090 +H0.051 uS 0.3% 9604502 03
1pF 2% 0.06% 0. 2% 0.004/a 0.2% 10.013C,+00025+ 5 02% B40/C2 (}
0.05% 0 06% 0.1% 00010 | 005% | (0.0031C.+0.00251 uS 0.1% 160/C;2 {}
1 MHz HIGH ACCURACY MODE MEASUREMENT ACCURACY SPECIFICATIONS
Nominal G value MEASUREMENT PARAMETERS NOTES:
1. Accuracy egualions are read as lollows:
* ¢ DF G ESR £ % of reading + absolute C value
Qpen Ciret C % ol Absolule Absolule Absolute Absclute D teabscolute D value)
reading valug value value value G: Xiabsolule G value.
ESR tiabsolute ESR value:
0.4% o] 0.004 0.025C, u8 B40/Cy N
1024 - 2046 pF G118 0 0.0007 O004HC, =5 1¥Cx N 2 Cx = G reading in pF
on% 0 o 0.0025Cs 4% B4C, 11 3. Range is the nominal capacitance value + open
0.4% 1] 0.004 0.025Cy S 640/Cy 01 circuil capacitance, When the nominal capaci-
256 - 1024 pF 0.11% [+ 0.0007 0.0044C, 3 QG 1T tance value plus open crcul capacllance is equal
0.07% 0 00003 0.0019C, xS 48/C, to 1he range [imit values, use the lower
' ace specifications.
0.4% 0 0.004 0.025C,y § 640/C, 0 rangss accuracy specicat
4 - 256 pF 011% Q G.0007 0.0044C, u5 110/Cy {2 4. Additional error due to lemparature MuRiply the
0.05% i} Q0002 0.0013Cy uS 32C. N measuremerd accuracy by Lhe temperature faclor
0.4% ] 0.004 25Cy nS §40/C; N .
2-4pF 0.1% 0.0004 pF 0.0008 13.8C+2.5+ 03 130/Cx D Temp. °C ENERE]ERED
0.06% 0.0004 pF 0.0003 (0.63Cx+2.5! nS 48/C,, 0} Factor NEIEIE | I
0 2% 0.002 pF Q 008/ Cy S3IC+H13: S 1270/Cx2 0}
0-2pF 0.1% 0.0004 pF 0.0016/Cy 1380425 nS 260/C.2
3.08% 0.0004 pF 0.0006/Cy 38 ns5 96/Ca2 {}




Accessories
16380A/C Standard Capacitor Sets

Four terminal pair standard capacitor sets with a
total range of 1 pF to 1 uF and a calibration accuracy
of £0.01%.

04278-65001 Handler Simulator

Four channel scanner designed to test the Handler
Interface Option 201. A 1 meter digital interface cable
is included.

Ordering Information
HP 4278A 1 KHz/1 MHz Capacitance Meter ..................ccoen.

Furnished Accessories:
04278-89001: Memory Card (1 ea.}

Options:
Opt 001: 1 KHz Test Frequency Only ............. e e beiaaeaan e Ceeeeen
Opt 002: 1 MHz Test Frequency Only ......... et v .
Opt 003: 1% Test Frequency Shift ...... e e b e e
Opt 101: HPIB Interface ............ e e, e Ceereereee
Opt 201: Handler Interface ..... e enean Creeienaer Ceeraeeaan e reeenns
Opt 009: Delete Operating Manual ................... e era e e Cee i
Opt 907: Front Handle Kit ...... e . Crreneeaae e reieeneas e
Opt 908: Rack Mount Kit ....... e renaareaas e eeeeneeaas e e, Cerernanne
Opt 909: Rack Flange and Handle Kit ............... ... s Cereaeeas v
Opt 910: Additional Operating Manual ................. e e B,

Accessories:

04278-89001: Memory Card (1 ea.}

04278-61100: Memory Card Set (Contains 10 Memory Cards)
04278-65001: Handler Simulator

04278-65003: Test Program

For more information, call your local HP sales office listed in your telephone directory or an HP regional office listed
below for the location of your nearest sales office. Ask for the Electronic Instrument Department.

United States: Hewlett-Packard Company, ¢ Choke Chetry Road, Rockville, MD 20850, (301} 256-2000, Hewlett-Packard Company, 5201 T llview Dr.. Rolling
Meadows, IL 60008, (312) 285-9800. Hewlett-Packard Company, 5161 Lankershim Blvd., No. Hell , CA 91601, (818} 505-5600. Hewlett-Packard Company,
2000 South Park Place, Atlanta, GA 30339, (404) 955-1500. Canada: Hewlett-Packard Ltd., 6877 Goreway Drive, Mississauga, Ontario L4V1IM8, (416) 678-9430.
Japan: Yokogawa-Hewlett-Packard Ltd., 29-21, Takaido-Higashi 3-chome, Suginami-ku, Tokyo 168, (03) 331-6111. Latin America; Hewlett-Packard Company,
3495 Deer Creek Rd., Palo Alto, CA 94304 USA, (415) 857-1501. Australia/New Zealand: Hewlert-Packard Australia Ltd., 31-41 Joseph Street, Blackburn, Victoria
3120, Melbourne, Australia, (03) 895-2895 Far East: Hewlett-Packard Asia Ltd., 47/F China Resources Building, 26 Harbour Road, Hong Kong, (5) 833-0833.
Germany: Hewlett-Packard GmbH, Hewlett-Packard-Strasse, 6380 Bad Homburg, West Germany, (49) 6172/400-0. France: Hewlett-Packard France, Parc d’activité
du Bois Briard, 2, avenue du Lac, 91040 Evry Cedex, France, (33} 1/60778383. United Kingdom, Hyewlett-Packard Ltd., Miller House — The Ring, Bracknell, Berkshire
RG12 1XN, England, (44) 344/424898. Italy: Hewlett-Packard Italiana 5.A., Via G. di Vittorio, 9, 20063 Cernusco SIN (M1, Milan, ltaly, {39} 2/923691. Northern
Europe: Hewlett-Packard 5.A., P.O. Box 999, 1180 AZ Amstelveen, The Netherlands, (31 20/437771, Southeast EuropelAfricaiMiddle East: Hewlett-Packard 5.A.,
1217 Meyrin 1, Geneva, Switzerland, {41) 22/989651.

Or write t0 — United States: Hewlett-Packard Company, P.O. Box 10301, Palo Alto, CA 94303-0890. Europe/Middle EastiAfrica: Hewlett-Packard Company,
Central Mailing Department, P.O. Box 529, 1180 AM Amstelveen, The Netherlands. For all other areas: Hewlett-Packard Company, Intercontinental Headquarters,
3495 Deer Creek Rd., Palo Alto, CA 94304,
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