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CERTIFICATION

Hewlett-Packard Company certifies that this instrument met its published
specifications at the time of shipment from the factory. Hewlett-Packard

Company further certifies that its calibration measurements are traceable to.
the United States National Bureau of Standards, to the extent allowed by the

Bureau’s calibration facility, and to the calibration facilities of other Inter-
national Standards Organization members.

WARRANTY AND ASSISTANCE

This Hewlett-Packard product is warranted against defects in materials and
workmanship for a period of one year from the date of shipment [,except
that in the case of certain components listed in Section I of this manual, the
warranty shall be for the specified period]. Hewlett-Packard will, at its op-
tion, repair or replace products which prove to be defective during the war-
ranty period provided they are returned to Hewlett-Packard, and provided the
preventive maintenance procedures in this manual are followed. Repairs neces-
sitated by misuse of the product are not covered by this warranty. NO
OTHER WARRANTIES ARE EXPRESSED OR IMPLIED, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE. HEWLETT-
PACKARD IS NOT LIABLE FOR CONSEQUENTIAL DAMAGES.

Service contracts or customer assistance agreements are available for Hewlett-
Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service
Office. Addresses are provided at the back of this manual.




SECTION |
GENERAL INFORMATION

1-1 DESCR!PTION

12 The Model 6234A Dual Output Power Supply is a com-
pact, constant voltage/current limiting supply that delivers
two isolated 0% to 25V outputs rated at 0.2A, it is an ideal
power supply for design and breadboard work where single or
dual voltages are required. Each output voltage is continuous-
ly varigble thraughout its range and separate fixed current limit
circufts protect each output against overload or short circuit
damage.

1-3 Connections to the outputs are made to binding post
type terminals on the front panel. The outputs can be used in-
dividually or in combination to satisfy any number of output
demands. The positive ot negative terminal of each output can
be grounded or each output can be left floating. A chassis
ground terminal is located on the rear of the supply.

14 The front panel also contains a line switch, output
voitage controls, a combination voltmeter/ammeter, and two
meter select pushbutton switches. One meter pushbutton
selects either voltage or current monitoring while the other
selects which output is monitored. The supply is furnished
with a permanently attached 5-foot, 3-wire grounding type
line cord. The ac line fuse is an extractor type fusehoider on
the rear heat sink. :

15  SPECIFICATIONS

1-8 Instrument specifications are listed in Table 1-1. These
specifications are the performance standards or limits against
which the instrument is tested.

1-7 OPTIONS
1-8 Options are factory modifications of a standard instru-

ment that are requested by the customer. The following
options are avaitable with this instrument,

CPTION NO. DESCRIPTION
028 Input power: 208-250Vac, 47-63Hz,
single phase.
910 One additional operating and service

manual shipped with the power supply.

19 Before the supply is shipped fram the factory, the pro-
per internal jumpers are connected and the correct fuse install-
ed for the line voitage specified on the order. A label on the
rear heatsink identifies this line voltage option. The user can

*Each output has a minimum operating voltage of = 20mV.

convert an instrument from one fine voltage option to the
other by following the instructions in paragraph 3-13,

1-10 SAFETY CONSIDERATIONS

1-11 This product is a Safety Class 1 instrument {pravided
with a protective earth terminal). The instrument and manual
should be reviewed for safety markings and instructions
before operation.

112 ACCESSORIES

1-13 The accessory listed below may be ardered from your
local Hewlett-Packard field sales office either with the power
supply or separately. (Refer to the list at the rear of the manual
for addresses.}

HP PART NO. DESCRIPTION -

145224 Rack Mounting Tray for mounting one or
two 6234A supplies in a standard 19"
relay rack,

1-14 INSTRUMENT AND MANUAL
IDENTIFICATION

1-16 Hewlett-Packard power supplies are identified by a
two part serial number. The first part is the serial number
prefix, 2 number-letter combination that denotes the date of a
significant design change and the country of manufacture.
The first two digits incicate the year {10 = 1870, 11 = 1971,
etc.) the second two digits indicate the week, and the letter
“A" designates the U.S.A. as the country of manufacture.
The second part is the power supply serial number. A different
seguential number is assigned to each power supply, starting
with 00101,

1-16 If the serial number on your instrument does not
agree with those on the title page of the manual, Change
Sheets supplied with the manual or Manual Backdating
Changes define the difference between your instrument and
the instrument described by this manual.

1-17 ORDERING ADITIONAL MANUALS

1-18 Cne manual is shipped with each power supply. {Op-
tion 910 is ordered for each extra manual, see paragraph 1-9.}
Additional manuals may also be purchased separately from
your local Hewlett-Packard field office {see the list at the rear
of this manual for addresses). Specify the model number,
serial prefix, and the HP Part Number provided on the title
page.



Table 1-1. Specifications

DC Output:
Voltage span over which output may be varied using front

panel controls.

0 to 25V at 0.2A
0 to 26V at 0.2A

Qutput V1*;
Qutput V2*:

*Minimum operating voltage for each output is =< 20
millivolts. Short cireuit gutput current is 0.276A x£10% faor
each output.

Load Effect {Load Regulation):
Less than 0.01% + 1mV for a load current change equal to
* the current rating of the supply.

Source Effect (Line Regulation}:
Less than 0.01% -+ 1mV for any input voitage change within

rating.

PARD (Ripple and Noise}:
200V rms/1mV p-p.

Load Transient Recovery Time:

Less than SQusec for output recovery to within 15mV of
nominal output voltage following a load change from a full
load to half load (or vice versa).

Temperature Ratings:

Operating: 0 to +40°C ambient. From 40°C 1o 55°C, output
current is derated linearty to 50% at 55°.

Storage: —40°C to +75°C.

Temperature Coefficient:

Less than 0.04% + 1mV voltage change per degree Celsius
over the operating range from 0 to 40°C after 30 minutes
warm-up,

Drift {Stability): :

Less than 0.1% + SmV {dc to 20Hz) during 8 hours at cons-
tant line, load, and ambient after an initial warm-up time of 30
minutes.

Input Power:

Standard: 104-127Vac (120Vac nominal), 47-63Mz, single
phase. (240Vac line voltage option available, see paragraph
1-8}.

Meter Ranges:
0 to 30V, 0 to 0.25A.

Meter Accuracy:
Voltmeter: 4% of full scate.
Ammeter; +4% of full scale.

Weight:
Net: 5tb (2.3 kg)
Shipping: 7 b {3.2 kg)
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SECTION N
INSTALLATION

24 INITIAL INSPECTION

2-2 Before shipment, this instrument was inspected and
found to be free of mechanical and electrical defects. As soon
as the instrument is unpacked, inspect for any damage that
may have occurred in transit. Save all packing materials until
the inspection is completed. If damage is found, file claim with
carrier immediately. The Hewlett-Packard Sales and Service
office should be notified as soon as possihle.

2-3 Mechanical Check

2-4 This check should confirm that there are no broken
knobs or connectors, that the cabinet and panel surfaces are
free of dents and scratches, and that the meter is nat
scratched or cracked.

2.5 Electrical Check

26 The instrument should be checked against its electrical
specifications. Section V includes an *in-cabinet” perfor-
mance check to verify proper instrument aperation.

2-7 INSTALLATION DATA

28 The instrument is shipped ready for bench operation.
Before applying power ta the instrument, see the CAUTION
natice in paragraph 3-11.

2-9 Location

2-10 This instrument is air cooled, Sufficient space should
be aliotted so that a free flow of cacling air can reach the rear
of the instrument when it is in operation. It should be used in
an area where the ambient temperature does not exceed 40°C
{up to 55°C with derating).

21 Outline Diagram

212 Figure 2-1 illustrates the outline shape and dimen-
sions of this supply.

2-13 Rack Mounting

2-14 One or two 6234A's may be mounted in a standard
19-inch rack panel using rack mounting tray HP Part No.
14522A. Installation consists of bolting the rack mounting tray
to the 18-inch rack and sliding the power supply(s) into the
slot{s) provided in the tray. The power supply's rubber feet are
seated in holes in the bottom of the tray.

2-15 Input Power Requirements

2-18 The supply may be operated continuously from a
nominal 120V or 240V (47-63Hz} single phase power source,
The supply is shipped from the factory ready to be aperated
from one of these power sources. A label an the rear heatsink
identifies the line voltage option of your supply, The input
voltage range and input current required for each of the
nominal inputs are listed below. The rmaximum input power
thigh line, full ioad conditions) required for sither input is 30
watts,

Line Valtge Maxirmum
Option Range Input Current
Standard {120Vac) 104-127Vac 0.26A
028 (240Vac) 208-250Vac 0.12A
2-17 if desired, the user can convert the unit from one

option to another by following the instructions in-paragraph
3-13.

2-18 Power Cable
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Figure 2-1. Outline Diagram
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2-1% To protect operating personnel, the Mational Elec-
trical Manufacturers Association (NEMA) recommends that
the instrument panel and cabinet be grounded. This instru-
ment s equipped with a three conductor power cabla. The
third conductor is the ground conductor and when the cable is
plugged into an appropriate receptacle, the instrument is
grounded. The offset pin on the power cable three-prong
connector is the ground connection. In no event shall this
instrument be operated without an adequate cabinet ground
connection.

2.20 To preserve the protection feature when operating
the instrument from a two-contact outlet, use a three-prong to
two-prong adapter {if permitted by local regulations} ancon-
nect the freen lead on the adapter to ground.

2-1 Model 62344 is equipped at the factory with a power
cord plug appropriate far the user’s location. Figure 2-2 il-
lustrates the standard configuration of power cord plugs used
by HP. Below each drawing is the HP Part Number for a
replacement power cord equipped with a plug of that con-
figuration. Notify the nearest HP Sales Office if your require a
different power cord.

222 REPACKAGING FOR SHIPMENT

2-2

2-23 To insure safe shipment of the instrument, it is
recommended that the package designed for the instrument
be used. The criginat packaging material is reusable. If it is not
available, contact your local Hewlett-Packard field office to
obtain the materials. This office will also furnish the address of
the nearest service office to which the instrument can be ship-
ped and provide the Authorized Return label necessary to ex-
pedite the handling of your instrument return, Ba sure 1o at-
tach a tag to the Instrument which specifies the owner, mode!
number, full serial number, and service required, or a brief
description of the trouble.

al20-0080
STANDARD {120VAC)

o]
o 0 e 9 o
Q

BI20-1369 81201691 a120-2104
{240VAC) {240vaL) {240VAC)

OPTICN 028
(240 VAC)

8120-1351
{ 240VAC)

Figure 2-2. Power Cord Plug Configurations



SECTION Ni
OPERATING INSTRUCTIONS

3-1 INTRODUCTION

32 This section describes the operating controls and
indicators, turn-on checkout procedures, and other operating
considerations for the Model 6234A Dual Output Power
Supply.

WARNING

Before the instrument is switched on, alf
protective earth terminals, extension cords,
autg-transformers and devices connected to
it should be connected to a protective earth
grounded socket. Any interruption of the
protective earth grounding will cause a
potential shock bazard that could result

in personal injury.

Only fuses with the required rated current
and specified type should be used. Do not
use repaired fuses or short circuited
fuseholders. To do so could cause a
shock or fire hazard,

3-3 CONTROLS AND INDICATORS

34 Line Switch
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Figure 3-1, Controls and Indicators

3-5  The LINE pushbutton switch titem (1) , Figure 3-1)
is pushed-in to turn the supply ON and released {out position)
to turn the supply OFF. A simulated (non-electrical) ON in-
dicator {within the pushbutton) “lights'’ when the button is
pushed-in whethar or not power is applied to the unit.

3-6 Voltage and Current Metering

3-7 Two meter select pushbutton switches literns
and } permit the output voltage ar current of either out-
put (V1 or V2| to be monitored on the VOLT/AMPS meter
@ . The V/A pushbutton selects either voltage (out
pasition) or curtent lin position). The V1 and V2 output select
pushbuttons connect the desired output to the metering
circuit when the applicable button is pushed in. The voltmeter
range is from 0 to 30V while the ammeter range is from 0 to
0.25A,

3-8 Voltage Controls

39 The Vi and V2 VOLTAGE controls (items' (8) and

) set the voltage level of the corresponding output. The
voltage controls are 3 3/4 turn, cermet potantiometers with in-
finite resolution; thus, the resclution obtained depends oniy
upon the user's care in setting the controls. Each control hasa
self-contained clutch (ball-bearing mechanism) that aliows the
control to be rotated continuously in either direction. When
the clutch becomes engaged at either end paint (CW or
CCW), further rotation in that direction will nat change the
potentiometer’s electrical setting. A slight resistance is en-
counterad when rotating a contral with the elutch mechanism
engaged.

NOTE

Greater accuracy in setting the controls
canbe achieved if a DVM is used to
monitor the eutputs.

3-10 TURN-ON CHECKOUT PROCEDURES

31N The following steps describe the use of the Model
6234A front panel controls and indicators Hiustrated in Figure
3-1 and serve as a brief check that the supply is operational.
Follow this checkout procedure or the more detailed perfor-
mance test of paragraph 5-6 when the instrument is received
and before it is connected to any load equipment. Proceed to
the more detailed performance test beginning in paragraph
5-15 if any difficulties are encountered.



CAUTION

Before the supply Is switched on, check
the label on the heat sink ta make certain
that the supply's line voltage option
agrees with the line voltage to be used,
The supply wilf be damaged if it is wired
for a 120Vac input and 240Vac input
power js applied.

a. Connect line cord to power source and push LINE switch

1) in.

b. Set meter select switches @ . @ to monitor sup-
ply's V1 output voltage. With no toad connected, vary the V)
voltage control over its range and check that the
vohmeter responds to the controf setting.

¢. Monitor the supply’'s V2 output voltage. With no load
connected, vary the Vi voltage control é over its range
and check that voltreter responds to the control setting.

d. Turn the V1 and V2 VOLTAGE controls fully CW. Connect
ammeter {e. g., Simpsan Multimeter Model 269) in turn, bet-
ween the + and - terminals of each output. The internal
resistance of the meter is low enough to overload the supply
so that the output will current limit. Verify that the current
limit circuit in each supply (V1 and V2) is limiting the output
current to 0.275A to + 10% @25°C.

e. Remove ammeter and connect [oads to the output ter-
minals {see paragraph 3-21).

312 If this brief checkout procedure or later use of the
supply reveals a possible malfunction, see Section V of this
manual for detailed test, troubleshooting and adjustment pro-
cedures. :

313 LINE VOLTAGE OPTION CONVERSION

314 To convert the supply from one line voltage option to
the other, proceed as follows:

1. Disconnect line cord from the pawer source.

2. Remove top cover from supply by removing 2 screws in
rear of supply and sliding cover to the rear. The line voltage
jumpers are located behind line switch S1. (See component
locations diagrarm in Section VI1.}

3. Refer to component locations diagram and install
jumperis} for 120Vac or 240Vac input as follows:

Input Jumpers

120Vac J1and J2 in, J3 out
240Vac J3in, J1 and J2 out

4, Check the rating of the installed fuse and replace it with
correct value, if necessary. For 120Vac input, ‘use a 0.4A slo-
btow fuse (HP Part No. 2110-0340). For 240Vac input, use a
0.2A sio-blow fuse (HP Part No. 2110-0235).

5, Install proper line cord and plug (see paragraph 2-19).

6. Replace cover and mark the supply clearly with a tag or
labe! indicating the correct line voltage to be used.

3-15 OPERATION

3-16 The dual vutputs of the 6234A can be used individual-
ly, in series, or in parallel. Each output can be fioated {up to
300 volts off ground) or, the + or ~ terminal of either output
can be grounded to the chassis ground terminal which fs
located an the supply’s rear heat sink.

3-17 Overcurrent Protection

3-18 The outputs are individually protected against
overload or short circuit damage by separate current limiting
circuits. The circuits are factory adjusted to limit the output
current to 0.275A = 10%. The current limits are set by ad-
justing R2 in the Vi supply and Riz in the V2 supply (see
paragraph 5-47 ). No deterioration of the supply’s perfor-
mance occuss if the output current remains below the current
lirnit setting.

3-19 Operation Beyond Rated Qutput

3-20 The 6234A can provide voltages and currents greater
than its rated maximum outputs if the line voitage is at or
above its nominal value. The V1 and Vz supplies can be
operated above their ratings (e. g., up to 30V}, but perfor-
mance specifications cannot be guaranteed above the rated
output of 0 to 25V at 0.2A.

3-21 Connecting Loads

3-22 Cennect each load to the power supply output ter-
minals using separate pairs of connecting wires. This
minimizes mmutual coupling between loads and takes. full ad-
vantage of the low output impedance of the supply. Load
wires must be of adequately heavy gauge to maintain satisfac-
tory regulation at the load. Make sach pair of connecting wires
as short as possible and twist or shield them to reduce noise
pick-up. If shielded wire is used, connect ane end of the shield
10 the power supply ground terminal and leave the other end
unconnected.

3-23 If ivad considerations require locating output power
distribution terminals at a distance from the power supply,
then the power supply cutput terminals should be connected
to the remote distribution terminals by a pair of twisted or
shielded wires and "each load shouid be connected to the
remote distribution terminals separately.

3-24 Series Operation

3-25 The two outputs (V1 and Va) can be connected in
series to obtain a higher voltage {up to 50V} than is available
frem a single output. Each output control (V1 and Vz) must be
adjusted in order to obtain the total output voltage. Diodes
connected internally across each output protect the supply's
cutput filter capacitors against reverse voltages. This could
occur if the supplies are connected in series and the cutput is
shorted.

3-26 Parallel Operation



3.27 The V1 and Va2 supplies can be connected in parallel to
obtain a total output current greater than that availabls from
one supply. The total output current is the sum of the output
currents of the individual supplies. The output voltage con-
trols of one power supply should be set 1o the desired output
voltage, and the other supply set for a slightly larger output
voltage. The supply set to the lower output voltage will act as
a constant voltage source, while the supply set ta the higher
output will act as a current-limited source, dropping its output
voitage until it equals that of the other supply. The constant
voltage source will deliver only that fractien of its rated output
current necessary to fulfill the total current demand.

3-28 Special Operating Considerations

329 Pulse Loading. The power supply will automatically
cross aver from canstant-voltage to current-limit operation in
response to an increase jn the output current over the preset
limit. Although the preset limit may be set higher than the
average output current, high peak currents as occur in pulse
loading may exceed the preset current fimit and cause
crossover to occur and degrade performance.

3-30 Output Capacitance. An internal capacitor across
the putput terminals of the poweyr supply helps to supply high-

33

current pulses of short duration during constant-voltage
operation. Any capacitance added externally will imprave the
pulse current capability, but will decrease the load protection
provided by the current limiting circuit, A high-current output
pulse may darnage load components before the average out-
put current is large enough to cause the current limiting circuit
to gperate,

33 Reverse Current Loading. An active load con-
nected to the power supply may actually deliver a reverse cur-
rent to the supply during a portion of jts operating cycle, Inter-
nal diodes pratect the series regulator transistors in the 62344
supply by preventing reverse current fram flowing through
them,

3-32 Reverse Voltage Frotection. Internal diodes con-
nected with reverse polarity across the Qutput terminals pro-
tect the output electrolytic capacitors and the driver tran-
sistors from the effects of a reverse voltage applied across a
supply output.

3-33 Output Voltage Overshoot. During turn-on or turn-
off of ac power, output plus oversheot will not exceed 1V if
the output is set for Jess than TV. if the control is set for 1V or
higher, there is no overshoot.
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SECTION IV
PRINCIPLES OF OPERATION

4-1 OVERALL DESCRIPTION

4-2 This section presents the principles of operation for
the Model 6234A Dual Qutput Power Supply. Throughout this
section, refer ta the schematic of Figure 7-1.

4-3 The 6234A contains two independent power supplies
(designated V1 and V2], a common input power circuit, and a
meter ¢ireuit that can monitor the output voltage or current of
either supgply.

4-4 The two primary windings of the power transfarmer
are connected for either a2 120Vac {nom.} or a 240Vac (nom.}
input by installing the applicable jumper(s}. The transformer
secondaries provide reduced ac voltages to two full-wave
bridge rectifier circuits in each supply (V1 and Vz). One circuit
provides raw dc for a 0-25V regulator circuit while the other
provides raw dc for a reference and bias supply.

4-5 By comparing its output to a high-stability reference,
the V1 supply’s 0 to 25V regulator holds its cutput voltage at
the value determined by the V1 VOLTAGE front panel control.
Any error in the actual output as cormpared 1o the desired out-
put is amplified by an operational amplifier and applied as

feedback ta control the conduction of a series regulator tran-

sistor. As a result, the voltage across the serles transistor
varies so as to hold the output voltage constant at the desired
level. The high gain of the voitage comparison ampilifier and
the stability of the reference ensure that input voltage or load
current variations have little effect on the output voltage.

4.8 The V1 output is protected by a fixed current limit cir-
cuit. When the output current increases to 0.275A, this circuit
will take control of the regulator output voltage and reduce it
as necessary to keep the output current fram exceeding
0.2754.

4-7 The Vi1 reference and bias supply provides the bias
voltages and a reference current source for the Vi Q-25V
regulator,

4.8 The V2 supply contains a 0-25V regulator and its own
reference and bias supply and is identical te the V1 supply.

4-9 Two pushbutton switches select which supply (Vi or
V2] has its output voltage or current indicated on the combina-
tion voltmeter/ammeter.

4-10 CIRCUIT DESCRIPTION

4-11 Since the V't and Vz supplies are identical, onty the V1
circuits are discussed.

41

4-12 0 to +25V Regulated Supply

4-13 Voltage Comparison Amplifier. The valtage com-
parison amplifier controls the conduction of series regulator
Q1 so that the voltages at the twe inputs of the amplifier re-
main equal. lts inverting input (U3-6) monitors the output
voltage. Its non-inverting input (U3-5) monitors a stable
reference voltage which is produced by a constant reference
current {laer, 3mA nominal) flowing through the V1 VOLTAGE
contrel {R1). The reference voitage level is propartional ta the
resistance setting of R1, thus the output vohage of the supply
is proportional to the resistance setting of R1, At the output of
the comparison amplifier {U3-7), a negative change cor-
respands to a decrease in the canduction of Q1.

4-14 CR7 and CR8 protect the amplifier against excessive
input voltage, C6 and R7 farm a low pass filter to smooth any
noise generated acrass the VOLTAGE control R1. C5 stabilizes
the supply’s high frequency characteristics.

4-15 Driver and Series Regulator. The + 12Va output of
the blas supply provides the turn-on bias for series regulator
transistor Q1. lts compiete current path includes U4, R4, and
Q1. The voltage comparison amplifier {U3) or the current limit
sense transistor Q4 controls the conduction of driver Q2 which
regulates the flow of turn-off bias for Q1. The algebraic sum of
the nearly constant turn-on bias through R4 and the variable
turn-off bias through Q2 controls the conduction of series
regulator transistor Of1,

4-18 Resisters R28 and R29 provide an alternate path for
leakage current when the supply is turned-off, Ferrite bead L1
suppresses high frequency oscillations.

417 Current Limit Circuit. Current limiting occurs when
the current limit sense transistor Q4 conducts. This is deter-
mined by the voltage drop across current sampling resistor
R10 and the adjustment of current limiting potentiometer R2.
When the output current reaches the limit value (0.275A
= 10%), the voltage at the Q4 base becomes positive enough
te turn Q4 on. For this condition, driver transistor Q2 is turned
on harder diverting hase drive away from the serfes regulator
transistor. Consequently, the reguiator's output voltage is
reduced as necessary to keep the autput current from ex-
ceeding the limit vaiue.

4-18 Circuit Protection Components. Dicdes CR1 and
CRZ2 each protect the V1 supply from specific hazards, Series
regulator diode CR1 prevents a reverse curreat from flowing
through Q1 should an external source try to push current back
through the supply. Output diode CR2 protects the supply's
components if a reverse valage is applied to the output ter-
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minals. Diodes CR4 and CR6 are included to protect against
overshoot for low output vohagss at turn-off. Diode CR5
prevents.the voltage comparison amplifier from sourcing cur-
rent when the regulator is in the current limit mode, thus
preventing instability in the current limit operating mode.

4-18 Reference and Bias Supply

4-20 The reference and bias supply powers the operational
amplifiers, provides bias voltages for the series regulator and
driver transistors, and produces the constant reference cur-
rent required by the 0-25V regulator circuit.

4-21 The V1 reference and bias supply consists of full-
wave bridge rectifier IC (U1}, + 12V regulator IC {J4), and a
reference current source comprised of operational amplifier
(P/0 U3} and transistors Q3 and Q5. The transistors are con-

nected in a Darlington configuration to achieve a nearly ideal
current source. The operational amplifier compares the
valtage at the junction of R22 and R41 with a highly stable
zener reference and furnishes the praper base drive current re-
quired to keep the reference current {lrer) constant.

4-22 Meter Circuit

4-23 The output voltage or output current of either supply

can be measured on veltmeter/ammeter {M1). The
volts/amps {V/A) pushbutton selects either voltage ar current
and the V1/Va pushbutten connects the desired output to the
metering circuit. R24 is a voltage scaling resistor. When
measuring output current, the meter, in series with resistor
R25 and ammeter adjust potentiometer [R26), is connected
across the applicable current sampling resistor R10 (V1 supply)
or R20 (Vz supply).
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SECTION V
MAINTENANCE

51 INTRODUCTION

5-2 Upon receipt of the pawer supply, the performance
test of paragraph 5-6 can be made. This test is suitable for in-
coming inspection. Section |1l contains a quick but less com-
prehensive checkout procedure that can be used in lieu of the
performance test if desired.

53 If a fault is detected in the power supply while making
the performance test or during normal cperation, proceed to
the troubleshooting procedure in paragraph 5-32. After
troubleshooting and repair, repeat the peformance test to en-
sure that the fault has been properly corrected and that ng
other faults exist. Before performing any maintenance checks,
turn on the power supply and allow a half-hour warm-up.

5-4 TEST EQUIPMENT REQUIRED

B-5 Table 5-1 lists the test equipment required to perform
the various procedures described in this section.

5-6 PERFORMANCE TEST

57 The following test can be used as an incoming inspec-
tion check and appropriate portions of the test can be
repeated to check the operation of the instrument after
repairs. M the correct result is not obtained for a particular
check, proceed to the troubleshooting procedures of

paragraph 5-32.
g CAUTION

Before applying power to the supply, check the
label on the heat sink to make certain that the sup-
ply’s line voltage option agrees with the line
voltage to be used. The supply will be damaged if
its internal jumpers are connected for a 120Vac
input and 240Vac input pawer is applied.

5-8 General Measurement Techniques

59 Connecting Measuring Devices. To achieve valid
results when measuring the load effect, PARD {ripple and
noise), and transient recovery time of the supply, measuring
devices must be conrected as close to the output terminals as
possible. A measurement made across the load includes the
impedance of the ieads to the load. The impedance of the load
leads can easily be several orders of magnitude greater than
the supply impedance and thus invalidate the measurement.
To avoid mutual coupling effects, 2ach measuring device must
be connected directly to the output terminals by separate pairs
of feads.

5-10
minals, the monitoring leads must be connected at point A, as
shown in Figure 5-1, and not at point B, Connecting the
measuring device at point B would result in a measurement
that includes the resistance of the leads between the autput
terminals and the point of connection.

OUTPUT TEAMINAL— &
\

=

LOAD LEAD

e

MONITOR HERE

Figure 5-1. Front Panel Terminal Connections

5-11 Selecting Load Resistors. Power supply specifica-
tions are checked with a full load resistance connected across
the supply output. The resistance and wattage of the load
resistor, therefare, must permit operation of the supply at its
rated output voltage and current. For example, a supply rated
at 25 volts and 0.2 amperes would require a load resistance of
126 chms at the rated output. The wattage rating of this
resistor would have to be at least 5 watts.

B-12 Either a fixed or variable resistor {rheostat) can be us-
ed as the load resistance. Using a rhecstat {alone or in series
with a fixed resistar} is often more convenient than using fixed
resistors as loads because the latter may be more difficult to
obtain in the exact resistance required.

513 Output Current Measurements. For accurate out-
put current measurements, a current sampling resistor should
be inserted between the load resistor and the output of the
supply. An accurate valtrneter is then placed across the sampl-
ing resistor and the output current calculated by dividing the
voltage across the sampling resistor by its ohmic value. The
total resistance of the series combination should be equai to
the full load resistance as determined in the preceding
paragraphs.

5-14 Figure 5-2 shows a four terminal meter shunt., The
load current through a shunt must be fed to the extremes of
the wire leading 1o the resistor while the sampling connectlons
are made as close as possible to the resistance portion itself.

When measurements are made at the frant panel ter-
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Tabla 5-1, Test Equipment Required

REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE MODEL
Digital Sensitivity: 100mV full scale Measure dc voltages: HP 343904,
Voltmeter {min.). Input impedance: calibration procedures
10 megohms {min. ).
Variable Range: 90-130Vac Vary ac input - — - =
Voltage Equipped with voltmeter
Transformer accurate within 1 volt
Oscilloseope Sensitivity: 100xV/cm. Displzay transient response HP 180C with 18214, and
Differential input. and rippie and naise 1801A or 1803A plug-ins.
waveforms.,
Repetitive Rate: 60Hz, 2us Measure transiept See Figure 5-5
Load Sw. rise and fall time response,
Resistive See paragraph 5-15 Power supply _ - —
Loads load resistors.
Current See paragraph 5-15 Measure output current. B
Sampling

Resistor {Shunt)

CURRENT SAMPLING
TERMINALS

EXTERNAL
LOAD

TO GROUNDED
TERMINAL OF

\- PLY
SAMPLING FOWER SUPPL

RESISTOR
LOAD
TERMINALS

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

Figure 5-2. Current Sampling Resistor Connections

5-15 Rated Output, Meter Accuracy,
and Current Limit

5-16 To check that all suppiies will furnish their maximum
rated output voltage and current, that the front panel
voltmeter/ammeter is accurate, and that the current limit cir-
cuits function, proceed as follows:

Rated Output Voltage and Voltmeter Accuracy
a. Connect a 1250, 5W, +5% across the + and — out-
put terminals of the V1 supply.

b. Connect a DVM between the V1 + and — output ter-
minals. Connect meter common to the — terminai.
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NOTE

The Vi1and V2 VOLTAGE controls are 3
3/4-turn, carmet potentiometers. Fach controf
has a self-contained clutch {bail-bearing
mechanism) that allows the control to be
rotated continuously in either direction. When
the clutch becomes engaged at either end point
in the CW or CCW direction, further rotation in
the sarne direction will not change the control's
elecirical setting. A slight resistance is felt when
the control s rotated with the clutch
mechanism engaged.

c. Rotate the V1 VOLTAGE contral fully CCW until clutch
mechanism engages, Chesk that the DVM indication is = 20
millivolts.

d. Set meter seléct switches to monitor the Vi supply's
output voltage,

e. Rotate Vi VOLTAGE control CW until front panel
voltmeter indicates exactly 25 volts.

f. DVM should indicate 25 volts 4%,

g. Repeat steps a through f for V2 supply.

Rated Output Current and Ammeter Accuracy

a. Connect the tést setup shown in Figure 5-3 to the Vi
supply’s + and — output terminals,



b. Set meter select switch to monitor the V1 supply's out-
put current.

c. Close the switch and adjust V1 VOLTAGE control until
front panel ammeter indicates exactly 0.20A.

d. DVM should indicate 1.2V + 0.048V.

e. Open the load switch and repeat steps a through d
above for the V2 supply.

Current Limit

a. Disconnect all loads from supply.

h. Connect test setup shown in Figure 5-3 to the V1 sup-
ply’'s + and — output terminals. Substitute a short for RL and
leave ioad switch open,

c. Rotate V1 VOLTAGE controf fully CW until the clutch
mechanism engages.

d. Close load switch and determine the current flow
through the current flow through the current sampling resistor
Rs by measuring its voltage drop with DVM. DVM should read
1.65V = 10%.

e. Open the load switch and repeat steps a through d
above for the Va supply.

5-17 Load Effect {Load Regulation):

Definition: The change, . Eour, in the static value of dc
output voltage resulting from a change in load resistance from
open circuit to the value that yields maximum rated output
current {or vice versa).

5-18 To check the load effect:

a. Connect a full load resistance {125¢) and a digital
valtmeter across the output of the V1 supply.

b. Turn on the supply and adjust its voltage to its max-
imum rated value (25V}.

¢. Record the voltage indicated on the DVM.

d. Disconnect the load resistance and recheck the DVM
indication. It should be within 3.5mV of the reading in step (c).

e. Repeat steps {a) through {d} fer the V2 supply.

POWER SUPPLY
UNDER TEST R
el
- SW,5%
o A
7 M DIGITAL
VOLTMETER
Rg
Bil
+ -6
3W,0.5%
{HP PART NO, Qe
0811 -2499)

Figure 5-3. Output Current, Test Setup

5-19 Source Effect (Line Regulation)

Definition: The change, 2 Eour, in the static value of dc
output voltage resulting from a change in ac input voitage
over the specified range from low line {typically 104Vac) to
high line {typically 127Vac), or from high line to low line.

5-20 To test the saurce effect:

a. Connect a variable autotransformer between the input
power source and the power supply line plug.

b. Connect a fufl load resistance and a digital voltmeter
across the output of the Vi supply.

c. Adjust the autotransfarmer for a law line input.

d. Turn on the power, adjust the gutput of the supply to
its maximum rated voltage, and record the DVM indication.

e. Adjust the autotransformer for a high line input and
recheck the OVM indication. It should be within 3.5mV of the
reading in step {d).

f. Repeat steps (b} through (el for the Vz supply.

5-21 PARD (Ripple and Noise)

Definition: The residual ac veltage that is superimposed
on the dc output of a regulated power supply. Ripple and
noise may be specified and measured in terms of its rms or
peak-to-peak value.

5.22 Measurement Techniques. Figure 5-4A shows an
incorrect method of measuring p-p ripple. Note that a con-
tinuous ground loop exists from the third wire of the input
power cord of the supply to the third wire of the input power
cord of the oscilloseope via the grounded power supply case,
the wire between the negative output terminal of the power
supply and the vertical input of the scope, and the grounded
scape case. Any ground current circulating in this loop as a
result of the difference in potential Es between the two ground
points causes an IR drop that is in series with the scope input.
This IR drop, normally having B0Hz line frequency fundamen-
tal, plus any pickup on the unshielded leads intercennecting
the power supply and scope, appears on the face of the CRT.
The magnitude of this resulting signai can easily be much
greater than the true rippie developed between the plus and
minus output terminals of the power supply and can com-
pletely invalidate the measurement,

5-23 The same ground current and pickup problems can
exist if an rms voltmeter is substituted in place of the
oscilloscope in Figure 5-4. However, the oscilloscope display,
uniike the true rms meter reading, tells the observer im-
mediately whether the fundamental period of the signal
displayed is 8.3 milliseconds {1/120Hz) or 16.7 milliseconds
{1/80Hz). Since the fundamental ripple freguency present on
the autput of an HP supply is 120Hz {due to full-wave rectifica-
ticn), an oscilloscope displey shawing a 120Hz fundamental
cornponent is indicative of a “clean’” measurement setup,
while the presence of a 80Hz fundamental usually means that
an improved setup will rasult in a more accurate (and lower)
value of measured ripple.

5-24 Figure 5-4B shows a correct method of measuring
the output ripple of a constant voltage power supply using a
single-ended scope., The ground ioop path is broken by
floating the power supply output. To ensure that no potential
difference exists between the supply and the ascilloscope, it is
recommended that they both be plugged into the same ac
power bus, If the same bus cannot be used, both ac grounds
must be at earth ground potential.
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Figure 5-4, Ripple and Noise, Test Setup

5-25 Either a twisted pair or, preferabiy, a shielded two-
wire cable should be used to connect the sutput terminals of
the power supply to the vertical input terminals of the scope.
When using a twisted pair, care must be taken that one of the
two wires is connected to the grounded input terminal of the
oscilloscope to ensure that the supply output is safely ground-
ed. When using shielded two-wire, it is essential for the shield
to be connected to ground at one end only te prevent ground
current flowing through this shiled from inducing a signal in
the shielded leads.

5-26 To verify that the oscilloscope is not displaying ripple
that is induced.in the leads or picked up from the grounds, the
{+) scope lead should be shorted to the { —} scope lead at the
power supply terminals. The ripple value obtained when the
leads are shorted should be subtracted from the actual ripple
measurement.

5-27 In most cases, the single-ended scope method of
Figure 5-4B will be adequate to eliminate extraneous ripple so
that a satisfactory measurement may be obtained. However,
in more stubborn cases lor if high frequency noaise up to
20MHz must be measured), it may be necessary to use a dif-
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ferential scope with floating input as shown in Figure 5-4C. I
desired, two single-conductor shielded cables may be
substituted in place of the shielded two-wire cable with equal
success. Because of its comman mode rejection, a differential
oscilloscope displays only the difference in signal between jts
twa vertical input terminals, thus ignoring the effects of any
common mode signal produced by the difference in the ac
potential between the power supply case and Scope case, -
Before using a differential input scope in this rmanner,
hewever, it is imperative that the common mode rejection
capability of the scope be verified by shorting together its two
input leads at the power supply and observing the trace on the
CRT. If this trace is a straight line, then the scope is property
lgnoring any common made signal present. If this trace is not
8 straight line, then the scope is not rejecting the ground
signal and must be realigned in accordance with the manufac-
turer's instructions until proper common mode rejection is at-
tained.

5-28 Measurement Procedure. To measure the ripole
and noise on each supply output, foillow the steps below. f a
high frequency noise measurement is desired, an oscilloscope
with sufficient bandwidth {20MHz) must be used. Ripple and
noise measurements can be made at any input ac line valtage
combined with any dc output voltage and load current within
rating.

a. Connect an oscilloscope ar rms voltmeter across an
output of the supply as shown in Figures 5-4B or 5-4C.

b. Energize the supply and observe the oscilloscope or
meter indication. The ripple and noise should not be greater
than 0.2mV rms or 1.0mV peak-to-peak.

c. Repeat for the other supply output.

5-29 Load Transient Recovery Time

Definition: The time “X" for output voltage recovery to
within “Y*" millivolts of the nominal output voltage following a
“Z" amp step hange in load current, where: **Y" equals 16mV,
and “Z" is the specified load current change, equal to half of
the current rating of the supply. The nominal output voltage is
defined as the dc level halfway between the static output
voltage before and after the imposed load charige.

5-30 Measurement Techniques. Care must be taken in
switching the load resistance on and off. A hand-operated
switch in series with the load is not adequate since the
resulting one-shot displays are difficut to observe on most
oscillescopes and the arc energy occurring during switching
compietely masks the display with a noise burst. Transistor
load switching devices are expensive if reasonably rapid load
current changes are to be achieved. Instead, a mercury-
wetted relay should be used for loading and unioading the
supply. Connect it in the load switching circuit shown in
Figure 5-5. When this load switch is connected to a 60Hz ac
input, the mercury-wetted relay will apen and close B0 times
per second. The 25K control adjusts the duty cycle of the lgad
current switching to reduce jitter in the oscilloscope display.
This relay may also be used with a 50Hz ac input.
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Figure 5-5. Load Transient Recovery Time, Test Setup

5-3N Measurement Procedure. To measure the lpad
transient recovery time, follow the steps below for each sup-
ply output. Transient recovery time may be measured at any
input line voltage and any output voltage within rating, For
this supply the specified load change is between half load and
full load.

a. Connect the test setup shown in Figure 5-5. Both lgad
resistors (RT} are twice the normal value of a full load
resistance.

b. Turn on the supply and close the line switch on the
repetitive load switch. .

c. Set the oscilloscope far internal sync and lock on either
the positive or negative load transient spike.

d. Set the vertical input of the oscilloscope for ac coupl-
ing so that small dc level changes in the output voltage of the
power supply will not cause the display to shift.

e. Adjust the horizontal positioning control so that the
trace starts at a point coincident with a major graticule divi-
sion. This point then represents time zero.

f. Adjust the vertical centering of the scope so that the tail
ends of the no-load and ful-load waveforms are syrmmetrically
displaced about the horizontal center line of the oscilloscope.
This center line now represents the nominal output valtage
defined in the specification.

g. Increase the sweep rate so that a single transient spike
can be examined in detail.

h. Adjust the sync controls separately for the positive and
negative going transients so that not only the recovery
waveshape but also as much as possible of the rise time of the
transient is displayed.

i. Starting from the major graticule division representing
time zeto, count to the right 50us and vertically 15mV.
Recovery should be within these tolerances, as illustrated in
Figure 5-6.

13 MV

1|
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SECCNDS

S0u
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I5My

UNLCADING TRANSIENT LOADING TRANSIENT

Figure 5-6. Load Transient Recovery Time Waveforms
5-32 TROUBLESHOOTING

5-33 Befare attempting to troubleshoot this instrument,
ensure that the fault is in the instrument itself and not in an
associated piece of equipment. You can determine this
without remaving the covers from the instrument by using the
appropriate portions of the performance test of paragraph 5-6.

5-34 A goad understanding of the principles of operation
is a helpful aid in troubleshooting, and the reader is advised to
raview Section IV of the manual before beginning detailed
troubleshooting. Once the principles of operation are
understood, proceed to the troubleshooting procedures in
paragragh 5-35.

WARNING

Hazardous valtage is present on the circuit
board in the area of the LINE switch 51, fuse,
and the ac input jumpers. Exercise care when
troubleshoating this unit with protective covers
removed.

5-35 Troubleshooting Procedure

5-36 If a malfunction is found, follow the steps below:

a. Disconnect input power fram the supply, remove all
loads from the output, and remave covers from supply.

b. Table 5-2 lists the symptoms and probable causes of
several possible troubles. If the symptom is one of those
listed, make the recommended checks.

c. If none of the symiptoms of Table 5-2 apply, proceed to
the troubleshooting procedurss in Table 5-3.




5-37 The numbered test points referred to in the
troubleshooting procedures are identified on the cireuit
schematic and on the companent location diagram at the rear
of the manual,

5-38 Open Fuse Troubleshooting

5-39 Although transients or fatigue can cause a fuse to
blow, it is a good idea to inspect the unit for obvious shorts
such as damaged wiring, charred COmpONents, or extranecus
metal parts or wire clippings in contact with circuit board con-
ductors before replacing the fuse. The rating of the correct
replacement fuse depends on the line voltage option of the in-
strurnent: for 120Vac line voltage, use a slo-blow 0.4 amp fuse
{HP Part No. 2110-0340); for 240Vac line voltage, use a slo-
blow 0.2 amp fuse (HP Part No. 2110-0235).

5-40 REPAIR AND REPLACEMENT
5-41 Series Regulator Replacement

5-42 To remove and replace a series regulator transistor:

a. Remove the top and bottom covers from the instru-
ment.

b. Remove the collector screws and unsolder the base
and emitter leads from the board to remove the transistor,

c. To replace the transistor, follow the below reassembly
order, as viewed from the bottom of the heat sink: collector
screws, P. C. board, heat sink, two insulating bushings (in col-
lector screw holes in heatsink), heat sink compound {HP
B040-0415), mica insulater, another coating of silicon grease,
transistor, lock-washers, and hex-nuts.

d. Resolder the emitter and base pins to the circuit board.

5-43 Semiconductor Replacement

5-44 Table 6-4 contains raplacement data for the semicon-
ductors used in this power supply. When replacing a semicon-
ductor, use the listed Hewlett-Packard or exact commercial
replacement if these are available. If neither of these are im-
mediately available and a part is needed without delay for
operation or troubleshooting verification, the parts designated
Note 1, Alternate Part Number can be tried with a high pro-
bability of success.

545 Notice that both the commercial and alternate
replacements listed in Table 6-4 apply only to the HP power
supplies covered by this manual and their use in any other
Hewlett-Packard instrument is not necessarily recomrnended
because of inclusion in this table.

5-46 ADJUSTMENT AND CALIBRATION

WARNING

Hazardous voltage is present on line switch,
fuse, and ac input jumpers, Exercise care
when making the following adjustments with
protective covers removed from power supply.

5-47 Current Limit Adjustment

5-48 Perform the following steps to adjust the current limit
circuit in the Vi or Va2 supply, Potentiometer R2 sets the Vi and
R12 the V2 current limit, (See component lacation diagram in
Section VII.}

a. Turn the current limit adjustment pot (R2 or R12) to
center {approx.) position.

b. Cannect the test circuit of Figure 5-3 1o the output of
the supply to be adjusted, Substitute a short for Ry and leave
load circuit switch open.

c. Turp on the supply and set the VOLTAGE control for
maximum output {fully clockwise).

d. Close ioad switch and adjust the current limit pot (R2
or R12) until the DVM indicates a voltage drop across the
shunt of 1.65V + 10%,

5-49 Meter Calibration

5-b0 Meter Zero. The meter pointer must rest on the zero
calibration mark an the meter scale when the instrument s at
normal operating temperature, resting in its normal eperating
pasition, and turned off. Tg zero set the voitmeter/ammeter,
proceed as follgws:

a. Turn on the instrument and allow it to come up to nor-
mal operating temperature {in about 30 minutes).

b. Turn off instrument and allow 30 seconds for all
capacitors to discharge,

c. Insert small dcrewdriver into the small hole directly
below meter face,

d. Rotate zero adjust screw ciockwise until meter reads
zero, then rotate counterclockwise slightly in order to free ad-
justment screw from meter suspension. Pointer should not
move during latter part of adjustment. I painter moveas, repeat
the adjustment, :

5-51 Ammeter. Check and calibrate the front panel am-
meter by following the steps below.

a. Set meter switches to monitor the Vi supply's output
current.

b. (_Zonnect the test setup of Figure 5-3 to the V» supply’s
+ and — gutput terminals.

c. Close the switch and set the V1 VOLTAGE control sa
that the DVM reads 1.2v.

d. Check that the front panel ammeter reads 0.2A. If
necessary adjust potentiometer R26 for 0.2A indication on
front panel ammeter.

5-52 Voitmeter. Check the accuracy of the frant panel
voitmeter by performing the wvoltmeter accuracy test in
paragraph 5-15, The accuracy specification is = 4% for the V»
and Vz ranges. If the voltmeter ranges are not within specifica-
tion, check the value of R24 in the meter cireuit.




Table 5-2, Miscellaneous Troublas

SYMPTOM A CHECK — PRCBABLE CAUSE

. Chack operating setup for ground loops {see paragraph 5-22),

- Detective C1, C3, €7 (V1 supply) or C10, €13, C17 (V2 supply).
- Open C2, C5, CB {V1 supply) or C12, C15, C16 {Vz supply)

. Shorted R27 or R37.

. Defective U4, VR1 (V1 supply) or U14, VR0 {Vz2 supply}.

High Ripple

00 oo

- Shorted C8, R10 (V1 supply) or C18, R20 (Vz supply).
. Defective Q4 or Q14.
- Open R2, R23 (V1 supply} or R12, R33 (V2 supply).

Will nat current limit

O oo

. Check load connections.

. Check current limit adjustment in paragraph 5-47.

. Defective U4, VR2 (V1 supply} or U4, VR12 {Va supplyl.

- Defective C5, Q3, Q5 (V1 supply) or C15, Q13, Q15 (V2 supply).

Poor lpad regulation

o0 oo

. Check main rectifiers and filters.
- Defective U4, VR2 (V1 supply} or U14, VR12 (V2 supply).
¢. Shorted R27 or R37.

Poor line regulation

oW

Poor transient response a. Defective C5, C8, RS (V1 supply) or C15, C18, R19 (V2 supply).
b. Shorted R21 or R31.

Turn on/aff evershoot a. Shorted CR4, R27 {V1 supply} or CR14, R37 (V2 supply).
. Open CR6, R2B, R23 (V1 supply) or CR16, R38, R39 (V2 supply).
c. Defective Q1 or Q11.

o

Tabla 5-3. Tfoubleshooting Procedures

SYMPTOM ' STEP — ACTION RESPONSE — PROBABLE CAUSE
No outputs (V1 and Vz outputs 1. Check for obvious troubles such as
measure OV on front panel meter) improper ac input cannection or input
with controls turned CW. power failure,
2. Remove power and check fuse F1. a. If blown, check the following

components for short circuits: C1, C3,
C11, €13, U1, Uz, U11, U1z,

b. If fuse is not blown, proceed to step 3.

3. Apply power and measure voltage a. If DVM measures > 25V, meter M1 or
between the V1 supply's + and — switch S2 defective.
terminals on front panel with DVM.

b. If voitage is OV, check S1 and T1.
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Table 5-3. Troubleshooting Pracedures (Continued)

SYMPTCM

STEP — ACTION

RESPONSE — PROBABLE CAUSE

NOTE: If the output is normal unloaded but falls when loaded, check the current lim

One output {V1 or V2
is lower than rating

1. Check unregulated 2BV (nom) and
44V (nom} input vaoltages of applicable
supply {see schematic),

2. Check + 12V bias voltage of
applicable supply: TP1 for Vi supply
ot TP11 for Vz supply. Connect meter
common to applicable + output
terminal.

3. Check —5.6V bias voltage of
applicable supply: TP2 for V4 supply
or TPi2 for V2 supply. Connect meter
common to applicable + output
terminal.

4. Check the following components in
defective supply for open cireuit;
Vi supply: Q1, Q3, 05, CR1, CR4,
or
Vz supply: Q11, Q13, Q15, CR11, CR14.

5. Check the following compaonents in

defective supply for short cireuit:

V1 supply: Q2, Q4, CR6, CR7, CRB.
ar

V2 supply: Q12, Q14, CR16, CR17,

CR18.

it adjustment (paragraph 5-47),
a, If both correct, proceed to step 2.

b. If both incorrect, transformer T1
secondary winding or lead open,

¢. If one incorrect, check applicable full
wave bridge rectifier {U1, U2, U11, or L12).

a. If voitage is normal lapprox. + 12V},
proceed to step 3.

b, ¥ voltage Is not normal, check applicabie
+ 12V reg. (U4 or U14).

a. If voltage is normal lapprox. 5.6V,
proceed to step 4.

b. f voltage is not normal, check applicahle
zener diode {VR1 or VR10).

a. Replace cpen circuited component.

b. If none opened, proceed to step 5.

a. Replace shorted component.

b. If none shorted, check applicatle op amp
{U3 or U13) and VOLTAGE contral
(RT or R11).

One autput (V1 or Va) is latched high
{no control),

1. Check the following components in

the defective supply for open circuit:

V1 supply: Q2, CR5, CR7, CRS8, R1, R9
or

Vz supply: Q12, CR15, CR17, CR18,

R11, R19.

2. Check the following components in
the defective supply for short circuit.

Vi supply: Q1, VR1
or
V2 supply: Q11, VR11.

a. Replace open circuited component.

b. f none opened, proceed to step 2.

a. Replace shorted component.

b. If none shorted replace applicable op amp
U3 or U13)

5-8




SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for ordering replace-
ment parts. Table 6-4 lists parts in alpha-numeric order by
reference designators and provides the following information:

a. Reference Designators. Refer 1o Table &-1.

b, Description. Refer 1o Table 6-2 for abbreviations.

¢. Total Quantity {TQ). Given only the first time the_part
number is listed except in instruments contalning many sub-
modular assemblies, in which case the TQ appears the first
time the part number is listed in each assembly.

d. Manufacturer's Part Number or Type.

e. Manufacturer's Federal Supply Code Number. Refer to
Tabie 6-3 for manufacturer's name and address.

f. Hewlett-Packard Part Number.

g. Recommended Spare Parts Quantity {RS} for complete
maintenance of one instrument during one year of isolated
service.

h. Parts not identified by a reference designator are listed
at the end of Table 64 under Mechanical and/or
Miscellaneous. The former consists of parts belonging te and
grouped by individual assemblies; the latter consists of ail
parts not immediately associated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or inquiry
to your local Hewiett-Packard sales office (see lists at rear of
this manual for addresses). Specify the following information
for each part: Model, complete serial number, and any Option
or special modification {J} numbers of the instrument;
Hewlett-Packard part number; circuit reference designator;
and description. To order a part not listed in Table 6-4, give a
complete description of the part, its function, and its location.

Table 6-1. Reference Designators

A =assembly E = miscellaneous

8 = blower {fan) electronic part

C = capacitor F = fuse

CB =circuit breaker J = jack, jumper

CR =diode K = relay

DS = device, signaling L = inductor
{lamp) M = meter

Table 6-1. Reference Designators (Continued)

= plug

= transistor

= resistor

= switch

= transformer

= terminal block
TS = thermal switch

w 9
ai—l DO

vV = yacuum tube,
neon bulb,
photocell, ete.

VR = zener diode

X = socket

U = integrated cir-
cuit or network

Table §-2. Description Abbreviations

A = ampere

ac = alternating current
assy, = assembly

bd =board

bkt = bracket

OC  =degree Centigrade

cd =card

coef = coefficient

comp = compasition

CRT =cathode-ray tube

CT =center-tapped

dc  =directcurrent

DPDT= double pole,
doubie throw

DPST=double pole,
single throw

elect = electrolytic

encap= encapsulated

F = farad

OF  =degree Farenheit
fxd = fixed

Ge =germanium

H = Henry

Hz =Hertz

IC = integrated circuit
ID  =inside diameter
incnd = incandescent

k =kio=103

m  =milli= 10

M =mega= 108
4 =micro=10
met. = metal

mfr = manufacturer

mod. = moadular or

moedified
mtg = mounting
n = nano = 10°2

NC = normally closed

NO = normally open

NP = nickel-plated

2 =ohm

obd = order by
description

OD = outside diameter

p = pico = 1071

P.C. = printed circuit
pot. = potentiometer
p-p = peak-to-peak
ppm = parts per million
pvr = peak reverse
voltage
rect = rectifier
rms = root mean square
Si =silicon
SPDT=single pale,
double throw
SPST = single pole,

single throw
5SS =small signal
T = slow-blow
tan. = tantulum
Ti = titanium
\Y =volt
var = variable
ww = wirewound
W = Watt
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Table 8-3. Code List of Manufacturers

Code Manufacturer Address
o Allen Bradley Co. Milwaukee, Wi
01686 RCL Electronics, Inc. Manchester, NH
03508 G. E. Semiconductor Prod. Dept. .. Syracuse, NY
04713 Motorola Ine. Semiconductar Prod. Div. Phoenix, AZ
06001 General Electric Co., Electronic Capacitor and Battery Prod. Dept. Irmo, SC

24546 Corning Glass Works, Elactronic Components Div. Bradford, PA
25140 TRW Electronic Components Div. Daytan, OH
27014 National Semiconductor Corp. Santa Clara, CA
28480 Hewlett-Packard Co. Palo Alta, CA
56289 Sprague Electric Co. North Adams, MA
73138 Beckman Instruments, Inc., Heiipot Div. Fulierton, CA
75042 TRW Electronic Components, IRC Philadelphia Div. Philadelphia, PA
75915 Littelfuse, Inc. Des Plaines, IL
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Table 6-4. Replaceable Parts

Ref. Mfr, Mir, HP
Dasig. Description TQ Part No. Cods Part No. RS
Printed Circuit Board Assy.

c1Ln fxd, elect 220uF 50V 4 28480 0180-2628 1
C2, C12 | fxd, cer. 0.1aF 50V 2 28480 0150-0121 1
€3, 13 fxd, elect 850uF 75V 2 68044592-DFP 56289 0180-1915 1
C4, 14 fxd, cer. 0.02uF 500V 2 28480 0160-0468 1
C5, 15 fxd, mica 100pF 300V 2 28480 0160-3070 1
C6, 16 fxd, elect. 1uF 50V 2 150D105X0050A2 56289 0180-0230 1
Cc7, 17 fxd, elect. 220uF 50V 2 28480 3180-2628 1
Cs8, 18 fxd, poly. 2200pF 200V 2 AE12C222KT 06001 0160-0154 1
CR1, 2,

11,12 | diode, power rectifier 4 TN5059 28480 1801-0327 2
CR4-8,

14-18 diode, general purpose 10 1N485B 28480 1901-0033 5
L1, 11 inductor, ferrite bead 2 28480 9170-0894 1
Qz, 12 S5 PNP Si 2 521297 {NOTE 1) 04713 1853-0041 2
a3, 13 S5 PNP Si. 4 | 2N2907A 28480 1853-0281 4
04,14 S5 NPN Si. 2 SPS3611 (NOTE 1) 04713 1854-0215 2
as, 15 SS PNP Si. 2N2907A 28480 1853-0287
R2, 12 var. cer. 1k 10% 2 72-105-0 73138 2100-3211 1
R3, 13 fxd, comp. 15k 5% 1/2W 2 EB-1535 01121 0686-1535 1
R4, 14 fxd, film 1.33k 1% 1/4W 2 C5-1/4-TO-1331-F 24546 0698-3134 1
BS5, 15 fxd, comp. 620 5% 1/4W 2 CB-6215 01121 0683-6215 1
RB, 16 fxd, comp. 33 6% 1/2W 2 EB-3305 oMz 0686-3305 1
R7, 17 fxd, film 10k 1% 1/4W 2 C5-1/4-TO-1002-F 24546 0757-0340 1
RSE, 9,

18, 19 fxd, film 5.1k 1% 1/8W 4 C4-1/8-TO-5111-F 24546 Q0757-0438 1
R10, 20 fxg, ww B 0.5% 3W 2 T2B-70 01686 0811-2489 1
R21, 31 | fxd, ww 0.62 5% 2W 2 { BWH2-62/100-J 75042 0811-1759 1
R22, 32 fxd, film 2.3k 1% 1/8W 2 NESS 24545 0698-6387
R23, 33 fxd, film 243 1% 1/8W 2 C4-1/8-TQ-243R-F 24546 0757-0408 1
R24 fxd, film 15k 1% 1/4W 1 C5-1/4-TO-1802-F 24548 G757-0757 1
R25 fxd, film 619 1% 1/8W 1 C4-1/8-TO-619R-F 24548 0757-0418 1
R26 var, cer. 200 10% 1 72-103-0 73138 2100-3212 1
R27, 37 fxd, film 1.62k 1% 1/4W 2 Cb-1/4-TO-1621-F 24545 0757-0737 1
R28, 38 fxd, comp. 10k 5% 1/2W 2 EB-1035 01121 0686-1035 1
R29, 39 fxd, comp. 1k 5% 1/4W 2 CB-1026 o021 0683-1025 1
R30, 40 fxd, comp. 12k 5% 1/4W 2 CB-1235 01121 0683-1235 t
R41, 51 fxd, comp. 30k 5% 1/4W 2 CB-3035 01121 0683-3035 1
Sl switch, line 1 28480 3101-2287 1
52 switch assermnbly, meter switch and

power supply select 1 284380 32101-2349 1
ul, 2,

11, 12 | diode, fullwave bridge rect. 4 28480 1906-0006 4
Uz, 13 operational amp, IC 2 LM358AN 27014 1826-0346 2
U4, 14 voltage reg, IC 2 MC78L12ACP 04713 1826-0275 2
VR1, 11 diode, zener 5.62V 5% 2 $Z1093%-110 04713 1902-3104 2
VRZ, 12 zener reference IC, 6.9V 2 LM32902 27014 1826-0585 2
Note 1: Alternate part number, see paragraph 5-43.
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Table 6-4. Replaceable Parts

Raf, Mfr. Mfr. HP
- Desig. Dascription TaQ Part No. Code Part No. RS
)
’ Front Panel Electrical
M1 meter, VOLTS/AMPS 1 28480 1120-1391 1
A1, N var. cermet 10k 5% (4 twrn)
) {V1 and V2 VOLTAGE controls) 2 28480 2100-3775 1
Rear Heatsink Efectrical
F1 fuse 0.4A 250V slo-blow
(120Vac operation) 1 313.400 75915 2110-0340 1
o, n power NPN Si. 2 2N3055 28480 1854-0563 2
T1 power transformer 1 28480 06234-80090 | 1
Mechanical
binding post, red 4 28480 1510-0091
binding post, chassis ground 1 28480 1510-0044
knab, control (R1, 11} 2 28480 0370-1091
knob, pushbutton {S2) 2 28480 0370-2486
fuseholder, body 1 28480 2110-0564
fuseholder, nut 1 28480 2110-0569
cover, top 1 28480 5000-3137
cover, bottom 1 28480 B5000-3138
frame, front 1 28480 5000-3139
front panel 1 28480 06234-00001
heat sink 1 28480 5020-2579
foot, rubber 4 28480 0403-0266
clip, cable 1 28480 1400-0911
bracket, meter 1 28480 06234-00002
bushing, transistar insulator 4 28480 0340-0168
transistor insulator, mica 2 28480 0340-0174
= bushing, insulator 2 28480 0340-0415
|
e Miscellaneous
line cord 28480 see para, 2-21
line cord strain relief 28480 0400-0013
packing carton 28480 9211-2812
floater pad 4 28480 9220-2854
- filler pad 2 2B480 9220-2853
fuse 0.2A slo-blow 1 313.200 75915 2110-0235
(240Vac operation)
J
i
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SECTION VII
CIRCUIT DIAGRAMS

7-1 COMPONENT LOCATION DIAGRAM -

7-2 The component location diagram for power supply
Maodel 6234A is given below. The illustration shows the
physical locations and reference designations of parts
mounted on the printed circuit card.

71-3 SCHEMATIC DIAGRAM -

7-4 Figure 7-1 is a schematic diagram of the 6234A. The
test points (circled numbers) shown an the schematic corres-
pond to those on the component lacation diagram and in the
troubleshooting procedure in Section V.
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Hewin-Packud Gmok Elong Teatng Company
Tecramcras o acin Hatraenvod - Trypgvagdhy

24 P.0. Boa BGS

041000 Bertin 30 ‘
Tet: (3201 24 90 84 ok 158 201 BA03
Teiex: C10 405 hobin d IHBOHEMA

BERCA Indonssia P.T,
QREECE .

P O. Bar 408/K1.
Kot Karayhnnd
2 Cmwou Swaz) an, oot b B2
Athans 133 daknris

Tet: 32 30 303732/3T 131
Twier: 21 59 82 AAA GR

Tei: 340255, 340438
Tuicz: 46748 BERSL 4

SALES OFFICES

Arranged alphabetically by country

BERCA noonems B T
PO Bou 174t50y

23 Jn smetit
Surabaya

To L2027
JRELAND

Hewien Frckad Lid
Kesosl rouse
Clanwim Put
Lawes Wnanl Sicenl
Cubln 2, fre
Hewet!: Phck il LI
2C Avonqnerg g, Est
Long ke Aoad
Dugiin 12

Tel 516122514224
Tewe JAJY
“deascal Drey

Catoae Seivces |kriand) Lid
Kumare Rom

Aisne

Dubin §, Eve

Ter 1111 315820
ecsear Drvy

Carduc Sevvces Co
954 Fnagny Ad. South
Seitast BT 10 037
Ga-Hormern vewnd
Tei 10222) 6525566
Tees 747525

ol Maiorol e Lid.
18, Memehelthi Skeet
PO Box 25016
Takhviv
To 38971
Tetes 33589, B4
ITALY
Hewiell-Pachard Kalura S 4
via 8 Dnymono, &
20060 Carnunas Sul
Kaviglto |
Tei 121 303691
Teiea. THE32 HEWPALKIT
Hewen-Pacuae [piane 5o 4
va Tuazzs, 14
35100 Padave
T |40) 554888
Teex 430315 HEWPALKE
Hewicll-Pacaurd Ruiana Sg.4
Ve . Aimetey 10
100143 Rema
T2 i0€) 4 B9 §1
Teter. 6510514
Hewsert-Pacsard lassna S pA
Cansg Gavann Lyara 9d
110132 Tarino
Tel: 10111 553308
Tewes: 221079
Hewien-Fackard bakana 5.0.0
Vg Pncoe Mool 43 G/IC
195128 Catanls
Tel: D36 .37 05 04
Tewr: 870291
Hewien-Pacxwe ukann S.p A
Via Buovs san Rocen A
Capaomonie, 624
80121 Napcl
Tei: (041 710808
Hewlen)-Prcxad Jakang §.0.4.
ia Martn Lueher King, J&/T11
140132 Aciogna
Tex 105 7) 402254
Taien: 511630
JAPAN
annq.n-mll-PA:um

29-2 I Tibk 2t HiQual

Supmm-w_ Takys 168

Tet 03-121-4111

Twex: 2322024 THP-Tokyo

Yencgaw n-Hewi l-Peckarg
Lie

Chot B, i Fieo?

4120, Nes/wrahapama 5-chome
Yocopuwa-ky, Dsaka-t

Yok nawa-tetwistl:Packad
L

Bursioma Seres Haguys Biag,

12 Bhemcsasimma-cha,
j T TR H.l:ny.l 450
Tol: 052 3115171

Yo ogewi-rwia 1P Rck &8
LK

Tangawa fuldey

2-24-1 Toruyn-cho

Tel D43-212-1252
Tolex: JA2.3204 YHA YOK

Yo% 008 wa- Hawi | PECh &0
ua

g ki Bulcing
105, 1 chome, Sen-no-ralu
Uito, oaag 110
Tl 0292.24.74T0

Yokagawa-Heww-Packaid
ud

ot Busdng

1461, deanena, 1-chome

Alnugl, Kanagywn 241

Tel QAGZ.20.0422

YouoQaw-He e Prekwd
wa

I Thumuba
Kumagays, Swiama 350
Tel D485.24-5561
JOADAN

shounher Couss Cg

PO fox 1387

Amman

Tel 24007239967

Tewes SABCO 30 1458
HEMYA

ADCOM Liet, tnc,

PO dar J00TO

Nalrobl

Tel. 311855

Twer 22439

el Only

miemakonal Aeraoa (€ 4] Lig
FO Box 15012

NAFDDn AdpOH

Muisabl

Tel 336055/58

Tesen, 22201422301
Meocal Ony

nlermnakonal Asraco E A} Lo
PO 30195221
Mambany

XCREA
Samsung Electrones Co , Lig
-Dorg

Tel- 8314122, 4121
Tekez SAMSAN Z7364

KUWAIT

Ji-Rnakyy Traong &
Connscing

F 0. Box B30-Salat

Kuwalt

Tel: 42 491dve1 1726

Twex; 2481 Meeg ki

LUXEMBURG

Hewlell-Packard Beneur
SAMY.

Avenge gy Coler, 1

{Groermranglann)

8-1170 Braranain

Tt (021 B60 5050

Tedes. 23 494

MALLYSIA
Hewell-Packard Saiet.
IMatayat Scin. 8hd.
Sue 2217222
Bangunan dngxass Ruys
Jumn Ampang

Kuan Lllmnur

Tel 403880, LR565Y
Pratel £

7.0 Bon SON7

Laf 259, Salok Roag
Ruch], Sarawak

Tet: 53544

MEXICD

Hewsan Pack e Mercane,

Myaigo 21, 0F

Tet: 05-HT5-1600

Teew: 017.T4.507

He-ﬁﬂ@lﬁll’d Meacing,
S pe

Montefrey, AL
Tei: 782218

NOROECO
Dobnau

B1 e Kanalch
Canabanca
Tai: 2041 B2
Teen: 23051727822
Gernp

2, ue dAgaow
Bota Posil 155
Cassblancs
Ty 2720015
Toea 227TH

MOZAMBIOUE

AN Gonsealve, LK1

WZ 1*ap Wdd D L
Causa Posial 107

Mapulo

Ta 27031, 27114

Taien 8203 HEGOH Wiy

NETHERLAKDS
Hymien-Paciare Beneun N.Y
Van Heuvn Goadaain 124
PO dos 88T

NEIXK Amstabrsan

Tei (20147 201

Tees 13218

HEW ZEALAND

Hewiel Packatd W 2) L

4-12 Drueicthan Sine(

Kuoareg Witlngion 3

20 Box 43

Courmey Puce

Wallington

T 31T 199

Hewght-Pacnard (N Z.| LK

PO Box 26189

189 Uareucm Rouag

Epsom. Aucklsad

Ty 8aT-155

Anayneaifliedca Gnly

Mormvog insiruments &
Systerra Lid ,

Shret Houte

85-8T Ghuznes Soee|

PD Bax 2408

Walinglon

Te 850-09%

Teen NZ J1261

hertnao mstruments &
Sysiemy Lig

Em;:‘1 house, dd Xnyber PEES

PO Boe 3882, Newrarvel

Auckland 1

Tet Toa-091

Hathnp ravumenn &
Syatems Lig.

Tersace Housa 4 Drlord
Terace

PO, Box 2388

Christchurch

Tei B4.155

MIGERIA

The Electfoncs
mainmenalong Lig,

52710 Dyo Aoag

PANE 5402

Ibndan

T 41577

Tets. 31231 TEL NG

The Elecronct
nurumentahons Lid.

14d Apege Wolor Road, Mushn

PC Bon 483

Magnin, Lagos

NORwWaY

Hewigh-Packand Nerge A5

Csieacsen 18

PO Bow 34

15 Onterass

Tel 1021 4711 B0

Tewer' 16821 hpras n

HawienFelinig Norge S

Hygasrgegaten 114

PO Baz 4212

5013 Nygrardspalen,

Bargan

Te 10512197 31

PANAMA

Etecirénco Bsbos, S.A

Asataisca 4929

Prwra 5

Cade Samued Linwrs.

Edfico “Alln,” Mo 2

Cludad d Psnams

o 54-2700

Teax: .'uu 183 Cunnau,

Canal Tone

ket Fumencos 145

San s Casds 1030

Lima !

Te- 41.4225

Taar P> Boom 25824
SISORD

PAKISTAN
Wharikp & Comeary Lid.
Qotman Chambers

Aboutah Faroon Aosd
[

Tel 511027, 512927
Twer 2454



SALES OFFICES

Arranged alphabeticaily by country (cont.)

drrmo & Company, Lid
10, Bt Rt

Setiov 0-824
Hlamabsd

T 20264

PHILIFPINES

Tra Crina Aovanced Syajems
Corporanon

Faco Houre

Mmooy Cof Hating St
LepaLy vaaga, Msaal
PD Bar 1510

Uelrd Waniig

Tet 35-25-31, B5-34.91,
85020

Tres 2274 DHLNE
AHOCESIA

Feid Technucal Sules

45 e Road Hotth
PO Baw 1SR
Sallabury

Tel 705231 [5 waesy
Triar AHA122

POLAND

Baxo Inhemaey Technzne
hewner-Packmd

U Sen 2, 57

PLOODS0 Warnzama

Tel 194962 39 51T
Tres 3124 52

PORTUGAL
Teiecna-Empresy Thonca oe
Equosmeniol Eikcineas

Satl
Fus Roonga o Femseta 103
PL Bos 250
P-Usban |
Te (1M G350 F2
Teea 12534
Leoucal Oy
Mrndnier
NI Ml de
Comdicg Sarl
PO 3n 275t
Avenda Aniona Auguaio
e Aguar 136
F.Lispan
Te [19) 5321 3WT
Tewn 18801 munier

S0UTH AFRICA

Famiel) Prckad South Aca.
1Py ), Lid

Pivais Bag Wandywood,

Sancion, Tranavas, 2144

Hawiell-Packard Conke

Qaphna Sireel, Wendywaod,

Sandlon, 2144

Tel B0 S11128

Tear 3:4782

Fawiell Packad South Anca
4Py 3, Lid

PO 8es 120

Howad Pace,

Cape Provnce, TL50

Poa Park Cenka, Fores Derve.

Pinalands,

LCape Proence, 105

Tal 317955 ey §

Teien 57-0005

PN

Pewseil-Packard Espafion,
S

Lase Jerez ]

EMaarid 1§

TH (12 458 26 00 (10 Wnes)

Teien 238515 hoe

Hewsell-Packary Espafol 54

Coloma Mvaserra

Edhcin Juban

c/a Casia Brava. 11

Madrid 24

Hirwietl-Pack wd Espafiola,
§h

slnesaon 21-23

E-Bavcelona 17

Ter 131 200 5200 (5 wes)

Teser- 52600 pose &

Hewieil Packard Esonfiol,
S

Av Ramdn y Cai, 1
Ealza Sewils. pania 9*
ESaviin 5

Ter 54 4d 5450
Hewicll-Pachard Espahol 5 4
Egbco a1 7° 3
£-Blbag *

Tel 21RI 06238205

Pewitil-Paenard Expatits 5 A

PUEATO RICO Gifamon Gorose 1

Wewleh Pacaad Inter. B !
Americas r-v g;“d. o

Pueno fico Branch Dite o 56-361 13541361 1A 56

Came 272, SRI LANKA

#2032 Urb. Counry Cub Meroporan Agencas Lig

Caroline 00630 209/9 Lnon Placy

Tes. (B09) 7827255 Galomba 2

Trwes. 345 051 Tel; 35847

QATAR Teles. 137TMETROLTD CE

Maxset Traong & Conmacing  SUDAN

£ 0. Bor 1561 Rachaon Trage

Dona P 0. Bax 921

Te 270 Kharoum

Tewa 3439 HASSER Tel 44043

AGMANM Tees: 75

Mawiel-Pap g SURINAM
Reprezeniants Suriet Racio Hotand K ¥

Ban Baeesew 16 Geolw Hatstr. 3.5

Rucyrast| PO Boa 155

Tef 15 B0 22742 BA £S5 Paramanbo

Yo 10447 Tet 72118, 77280

SAUDS ARABIA SWEDEN

Uecern Ewcirons Hevean-PICH A Setnga A8

(Hend Othce) grieisvigen 3. Fagk

P O. Bes 1225, Baghaecah 5-151 Bromma 20
Sheer Tel |08} 730 05 50

Jaddsh Telea 10721

Tel 27 758
Tewr: $0035
Cable' ELECTA JECOMN

AFKhobat

Tet 4467R-44813

Tews: 570136

Cable' ELECTA &,-KHOAKA

SINGAPCAE

PQ. Bos 38

hewancrg Poar Oihce
ngapora 3115

Tel 831780

Toien WPSG AS 21436

Cank. MEASUREMENTS

Singknom

HewellPackard Suenge 4§

Framuzgaiah 30

5421 32 Vaulra
Frohunda

Te{D31) 49 09 50

Teies 10721 v Bromma
ofice

SWITZERLAND

Hewell-Pachard |Schwes) AG

Zwcnerarassa 2

PQ Bos N7

O+B952 Schileren

Zlrich

Tet 101) 7I05240

Tewx' 33933 npag ch

LCable: HPAG CH

Hewien-Packard (Schwez) AG

Chiomy Bicg 19

CH-1212 Ls Lignon-
Gansva

Tel (022) 96 03 22

Teiea 27233 ngag ch

Cabie HEWPACKAS Geneva

SYPMA

General Elecmone nc

Mt Baana-Arvat Eon Kays
Sweel

B0 fpa 5781

Damascus

Tei 30 24 87

Tewez 11215 (ToAL

Came ELECTROBCA
DAMASCUS

Meacs vy

Sawah & Ca

Piace Armd

BF 2308

Damascus

Tel 16 J87 '3 B&T-14 286

Tees 11004 S4TAC0 S

Canie. ShwaH, DALISCUS

Stewnan Hial Er dawn

PO Bo: 2528

Mamoun Bdw Sreet, 55-58

Damancun

Ter 1146 63

Toen 11270

Canie HILAL DMUSCUS

TAIWAN

Hewigil-Pacharg Far East Lig

Taswan Brangn

Bank Towe: En Fiosor

205 Tun Hau Warh Aoad

Talps!

Tol (020 75710404 (15 whey

Heweh-Packard Fut Easl Lid

Tawwan Branch

58-2, Chung Craveg Jrd Rea

Kaohsivng

Tel 107) 2427 13-Naoinang

Anaiypcal Orey

San Swang nsnmenis Co |
Lid.

20 ¥ung Sw Road

Taipsl

Tet 26154459 1 mes;

Toler, 27854 SAMWING

TANZANIA

Meacat By

Intetnaional Aefaoa 1E A ;LI
PO Bar 351

Dar ex Seinam

Tel 21251 Ent. 255

Tewex 47030

THAILAND

UHIESA Co. L

Eiom Resedith Buiong
2538 Sukamed A
Bangchai, Bangkok
Tel 36-32-367. 29-30-338

TRINIDAD 2
TOBAGD

CARTEL

Carobean Teecoms Lid
PD Bos 732

68 Freoenck Swes
Port-ol-Spain

Ter 62.53068

TUMIBIA

Tunrse Eleciongue

31 Averue ce la Loerie
Tunid

Tel: 280 144

Coferm

11z v, oe Camage
Tunin

Tet 253 821

Tewes 12318 CABM TR

Havehicers, Andara

Tel 275800

Telen 47155

Teknam Com.. Lid,
Barpains Buvan 55412
Besyas, lntanbut

Tel: 613 546

Telex' 21540

EMA

Sihendsik Kobea ! Sangu
Medhu Eidem Soash 41/6
Tiesel Ladtes

Aniars

Tl 1T 5622

Yimat Oryreh

Mk bhaning Gt 1678
Kinlay

Ankara

Te 2500 09- 1730 26
Talen. 42576 OZEx TR

UNITED ARAR
EMIAATES

Emitag L1, [Heaa Otteel
PO Box 164t
Sharjah

Tei- 38412173

Taes 3126

Erminc Lid 18ranch Othce)
A0 Bos 2T

Abu Dhabl

Ta 23107001

UNITED XIHQDOM
Hawhail-Packpre Lig
King Siredi Lane
‘Winnarsh, Wohngham
Berate AG 1| SAR
58 England

Fer {0734} TBAT74
Tewtn: B4 1 1209
Hewdell-Pack g Lig
Founer House,

25T .28 Wi Stheel
Lonaon Caney

SL Albans, Hails

5a-
Tal 1OT27) 24400

Teser 18352718
Hewieit-Pachard Lig
Tealalgar Hovse
Maviganan Road
Alirincham

Chesive whd 1Y
G-Ergjana

Tel [D6 1) 528 8422
Teler S6A064

Hewledl Packard 410
Lygon Courf

Heteward Arse

Ducsey Rosa
Halsaowan,

Wesl Miclsnds. B52 850

G8.England

Tad (0213 500 1223
Teles 339105
Hewlell-Pachard Lid.
Werpe Hause

799, Longon Roag
Tharnton Heath
Sorey, CA4 BXL

68-Engana
Tel (01} 834-010373
Tora 04EB2S
Hewlell-Packird Lig
12 ‘Weey S|
Cantitalord

Yaths WF10 TAE

Ter |D977) $50016
Twy 5557235
Hewleit-Packaid Lid.
Tiadar House

St Mary's Wak
Maldanhang
Berkshee, 5L6 IST
CB-Engrand
Hewerr-Fackad Lid
Morley Aoaa
Slapishil

Posinl, 3515 40T
GH-England

Hewlell-Patkald L1
South Cuaanaferry
Wesl Lothan, EH3I0 BTG
(8- Scotiand

Te- 10311 321 1188
Teiea. 72682

UMITED STATES

Birmingham 35226
Ter 205) 822-6802
PO. Bar 4207

32590 Whalasourg Dy,
Hunteville 35802
Tet: [205] 881-4501
ARIZOMA

Tel: (B02) 373-2000
2424 £a1 Arogon Ad.
Tugagn 85706

Tel. {602) 27-5000
"ARKANSAS

Littls Aock 72215

Tek 1581) 275 1644
CALIFORNIA

1579 . Shaw Ave.
Fraamo 93171

Ted. {2091 224-0582

1430 Easl Orangeinane Ave.
Fudlertan 92831

Tor T4 8701000

$400 West Rosacrang Bivg
P 0. Bow 22105

Work] Way Posiad Comter
Los Angsles X089

Tl 1213} 970-7500

Twe, 910-025-6608

1939 Lank grirem Bouktvars.
North Hallywood 91504
Tet (2120 877 1282

Tore G10-409- 26T+

3200 Halvrew Av

Pala Ao, CA 34304

Tei 14051 3687000

46 W North Markel Blva.
Sazramenls 35804

Te 9 16) 929-7222

9604 Aevp Diwe

P 3J Boa 23331

3sn Diega 52131

Ter 17 44) 279.3200

363 Brockpoaw D

Sa na, CA 92705
Tel 1416410977

2003 Scan Bolsevard
Sanis Clara 85050

Ter 1408) 988.7000

™ $i0-3)8-0518

454 Camon Coun

So. San Francisco #4060
Ted «215) 827.0712

HARYLAND

1131 Stanasty Bve
Panwdy Iodusingd Cankey
Hanovar 21074

Teh 101) 2647700
Twe 710.582-1341
2 Croun Cheity Road
Rackville 20850

1el 1307 3485270
Ty 710-828-9684
MASSACHUSETTS
12 mutwed Ave
Leainglon 82173
Tet 1617) 341-8960
TWH T10.078-6504
WMICHIQAN

23855 Reseaen Dive
Farminglan Hiile 18524
Tal [2121 AT6-6400
724 Wesl Cende Ave
Ralamargo 45007
Te 516] 22).8262
MINNESQTA

2400 N Fror Ave

‘Tatzmam 51, Paul 5511

Te {213V 705-3344 Tel 1612) 636-0700

CALoRADO WISSI55IPPI

3600 DT Packwiy 122 4 uan Faza

Englawaod B0 110 Jackean 13206

Tet 1303) 7713455 Tel 1601 962-936
THEUT

A7 Bames inausina fgad 11121 Coworada Ave

Barnes Parx Souih Hansan Cily B4107

‘Walllngiord 06437 Tet 8146) 7538000

Tel 1203 2657801

FLORIDA

#0 Bos 22210
2T2THW g2nd Sheel
Fi. Lavdwidale 13309
Ted 1305) B73-2600
4080 Woodcoch Duve X132
Brownen
Jduckuonviiis 32207
Tel" 1904) 398-0662
PJ Bas 13910

5177 Lang Esenor Br
Orlsnde 32809

¥m. 1305} 8592600
PO Boa 12426

Sute 5, Blog 1

Othee Park Hom
Penuacola 32575
Tel (904) 476-B422
11D Sguth Hoover Bivd.
Sune 120

‘tampa 33608

Tei 1813} &72-0900

GEDAGIA

F QO Boz 105005

250 interstale Nofth Fatkway
Atinnta JOME

Tai jA04) 955-1500

Twix: 510-766-4650
Megaca Serwice Dby
“Augusla 30003

Tei. 1404 736-0492

PO Bor 2103
1172 N. Davia Drove

HAWAN

2875 So Xing Srael
Hanoiuty 56824
Tor 1808} 551455

211 Presgec Ad.
Bloomingtan 517G1
Tai: 308 663.0361
5201 Tolberw (v
Rotiing Maadows

BoocE

Tet (312) 255-9800
Twe: 510-687-2260
IKDIAMA

7307 Horm Shadelsnd Ave.
Inolsnapoln 46250
Ta: 1317} BAZ: 1000
TWI: 810-26Q-174T
1OWA

2415 Hewz Road
lowa Clty 52240
Tel: (318) 351020

XENTUCKY

10170 Lew1 Stakons Posd
Sue 525

Lowavilia 40223

Ter (502) 426-0100

LBLISIANA

PO Box 4G

122920 Wikiamy Bousevard
Kannaer 70062

Tel, (504) 4238201

Twx 910-771- 2067
1024 Execunve Parkway
51 Lous 1147

Ter 134) 376-0200

HEBRASKA
Metical Ony

7101 Uerey Road
St 101

Qmaha 83106

Tel. 1402) 332.0848

NEVADA

‘LA Vegan

Ted i702) TI6-66 10

HEW JERSEY

Crystal Brook Prolessony
BAualdhng

Aoute 38
Eslonlown 07724
Tet (201} 5421380

W 120 Cenary R
Pasamunm Q7652

Tek 1201) 265-5000
THY: 710-950-495"
NEW MEX!CO

P, Bos 17824
Shabon £

11300 Lomas Bha, NE
Albuquarqua 37123
Tek 1505) 292-1230
Twx: 510-989- 1765
158 Wyarl Drmex

L Cruces BECG|
Tet {505) S26-24ad
Twx 910-09820550

NEW YORK

& Auipmahon Lane
Comouler Patk

Albany 12205

Ted (513) 459- 1550
TRX: 790-444.4961
60 Pernicn Wil Otkcs Pack
Falrporl 14450

T (T1E) 223-3950
TWI: 518-2533-0082

M. 1 Petvryhvara Pazs
&5t Floor

41 Skt & Bth dverue
Naw York 10001

Tew (292) 8710800
5858 Easi Mooy Roasd
Syrecuss 13211

Tei: 1115) 455-2486

1 Croaaways Purk West
‘Waodbury 11757

Tel. 1516) 921-0300
TWE, 590:221.2183

Ter (512) 6717400

HORTH CARDLINA
5605 Roanne Way
Graapskoro 27409
Tel: {318} 8521809

OHIQ

$920 Carver Road
Clncinnatl 45242
T (517 8910870
16500 Spradae Aoart
Clavaland 44130
Tel: [216) 24-7300
TWx: 210-423-9430

962 Ciunper Ave
Columbue 41229
Tei (H14) 4381041

130 Frogress Re
Duylan 45443

Teb (312) A53.4202
CRLAHQMA

PO Box J2004

6101 K Liendan dvbnnt
Oklanoma Clly 72112
Tel 40%) 721.0200
D920 d3ng Swesl
Sule 121

Tulew 74145

Tel 1318] 685:1300

DAESOH

ITE90 S W Lower Booney
Friry Road

Tuaistia 37062

T [503) 6202350

PENNSYLYANLL

1021 8 dveousm

i ol Prisisa nolsiall Park

King of Pruaala 19406

Tel 1215) 265-7000

Twy, 510-660-2670

19 2wy Dive

FOR IS, AREAS
ROT LISTED:
Coniacl e 1epons oHecs
il you
Atlania, Georpa  North
Holky-wood, Calorm
Rackvlills, Muryung
Roiling Mesdows, Bnon.
Thew complght #OdIE13EE
wx bled sbova
USSH
Hewiell-Packiag
Represaniskve Ofhce
ussa
Poxrovany Bouevird
AT hw 12
Moscow 101000
Ter 2042024
Teies 7E25 Pewpadd su

YUGOILAVIA

Harn Commarce. nsolo
Zasiansiva Hewiell-Pack o
Obwcee Venac 26

YU 11000 Beagrad

Tel 535958

Teien 11530

hhra Commerce, nspia
Zasiobsrva Hewleth-Packard
vy A

an 152
Tei 1412) 782.0400
SCUTH CAROLINA.
FO Box g442
3410 M Tranhom Road
Columbla 20208
Tel 1803} 7826493
TENNESSEE
B906 % wgsion Phe
Kaguwilla 37919
Tel (€151 891,231
3070 Geeciors Aow
Dwecions Seuare
Samphis 18131
Tel 1201) 248-8370
"Nashwite
Heoscar Sarwce Doy
ol 615 248-5448

TEXAS

4171 Horn Uesa
Sule L1t

El Pasa 79002
Tel- 1915) 533-3555
PO Box 42816
10535 Harwen 81
Houmlon 27036
Tel: 17131 776-5400

Tai, racd) 799-4572

R0, Bax 1270

2071 E. Asapana Rd
Richardson 75081

Tak (234) 230-6101

205 Bdy kilened Roag
San Anlona 718226

Tel: (5120 4346241
UTAK

2160 South 3270 Wes! Stregt
Sall Lake Clty 34113
Tet: 1301) 9724713
WVIRGINLA

£ 0. Box 9659

2914 HunQary Sprg Read
Blehmond 23225

T |804) 2852421

Su

5700 Thursion Avenue

Yirginia Beach 23455
To: [B04) 480-247 1
WASHINGTOM
Bakehed! Office PX.
200 - 114m Ave. 3£,
Batlavia 38004

Tel: [206) 454-3971

T $10-443-2046

P.D, Bou 4010
Spokane 559202

Tel: {50%) $35-0BB4

“WEST VIRGINIA
Macheal/,
4504 Mac Covkie Ave., S E.

TU-51000 Liubilans
Ter: J21-674. 215-879
Teler 17583

URUGUAY

Padia Ferfinga § AC.el,
Averegy laia 28TT
Casila ae Corteg 170
Montavideo

T 403102

Toiew 702 Pubec Boom
Paia Fablo Fertanog

YENEIUELA
Hewied Pacnard ce Venezusla
CA

PO Sor 50931
Catacas 105

Las Ruces Hone

3a Ttangwrsa

Edica Sagre
Caracas 167

Tl 239.4133 [20 wnes]
Telen 25145 HEWPACK
ZAMBIA

R.J Tauoy (Zatnna) Lid.
PD. Box 2792
Lusaka

Tel. 2793

MEDITERRANEAN AND
MIGDLE EAST
COUNTRIES NOT
SHOWN, PLEASE
COMTACT:
Hewier-Packard § 4
Meaiemanean and Mo Easi

Opeiatons.
35, Kok 0w Sieel
Plaba Kelslanou
GAKilssia-Athans, Gieece
Tel: BOBOISSM29
Teiee: 21-6580
Canie: HEWFACKSA Amens

SOCIALIST
COUNTRIES NOT
SHOWN, PLEASE
CONTACT:
Hewle-Aackaid Gesm.b.H.
Handetzkar 52

Q. Qo ?

A-1205 Visnna, Auning
Tel, [0222) 35 16 2110 27
Cabile: HEWPAK Yigning
Tewr: 75923 hawnak &

OTHEA AREAS NOT

LIBTED, CONTACT:

Hewtali-Fackard
Nirtonwenial

3485 Deer Croek Road

Puit Alls, Caromae H3

Tet (4 15) B5S.1501

T 910-373-1267

Cacw; HEWPACK Pals Ana

Tadea: 034-8300, 034-3437

Helel)-Pachwrd 5.4,

T. nm 2u Bost-d-Lan

PO, Box
CH: 1217 Meyim 2 - Geneva

C 25304

Tey: (304) 9250492
WISCORSIN

150 Soum Sumy Slope Acad
Braokfeid 53005

Ter (414) 7848300

Tai: (022) 82 70 00
Cabi HEWFACKSA Ganeva
Tews 224 BE

‘Sarvics Only
21580
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