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SAFETY SUMMARY

The following general safety precautions must be observed during all phases-of operatian, service, and repair of this instru-
ment. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates safety standards
~ of design, manufacture, and intended use of thevinstrurmnent. Hewlert-Packard Company assumes no liability for the

customer’s failure to comply with these reguirements.

BEFORE APPLYING POWER.

Verify that the product is set 10 match the availabie jine
voltage and the correct fuse is installed.

GROUND THE INSTRUMENT.

This product is a Safety Class 1 instrument (provided with a
protective earth terminall. To minimize shock hazard, the in-
strument chassis and cabinet must be connected to an elec-
trical ground. The instrument must be connected to the ac
power supply mains through a three-conductor power cabie,
with the third wire firmly connected to an electrical ground
{safety ground) at the power outlet. For instruments designed
to be hard-wired to the ac power lines (supply mains}, connect
the protective earth terminal 10 a protective conductor hefore
any other connection is made. Any interruption of the protec-
tive (grounding) conductor of disconnection of the protective
earth terminal will cause a potential shock hazard that could
resuit in personal injury. if the instrument is 10 be energized via
an externai autotransformer for voltage reduction, be certain
that the autotransformer comman terminal is connacted to the
neutral (earthed pole) of the ac power lines {supply mains).

INPUT POWER MUST BE SWITCH
CONNECTED.

For instruments without a built-in jine switch, the input power
fines must contain a switch or another adequate means for
disconnecting the instrument from the ac power fines {supply
mains}.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

Do not operate the instrument in the presence of flammabie
gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers.
Component reptacement and internal adjustments must be
made by qualified service personnel, Do not replace com-
ponents with power cable connected. Under certain condi-
tions, gangerous voltages may exist even with the power cable
removed. To avoid injuries, always disconnect power,
. discharge circuits and remove external voitage sources before
touching components.

DO NOT SERVICE OR ADJUST ALONE.

Do not attempt internal service or adjustment unless another
persan, capable of rendering first aid and resyscitation, is
present.

DO NOT EXCEED INPUT RATINGS.

This instrument may be equipped with a fine filter to reduce
slectromagnetic interference and must be connected to a pro-
perly grounded receptacle 10 minimize glectric shock hazard.
Operation at line voltages of frequencies in excess of those
stated on the data plate may cause leakage currents in excess
of 5.0 mA peak.

SAFETY SYMBOLS.

Instruction manual symboi: the product
A will be marked with this symboi when it

is necessary for the user 10 refer 1o the
instruction manual {refer 10 Table of

Contents).

@ or wbe

l The WARNING sign denotes a hazard. It
WARNING calls attention to a procedure, practice,
or the like, which, if not correctly per-
formed or adhered to, could rasult in
personai injury. Do not proceed beyond

a WARNING sign until the indicated
conditions are fully understood and met.

Indicates hazardous voltages.

indicate earth (ground) terminal.

The CAUTION sign denotes a hazard. It
calls attention 1o an operating pro-
cedure, or the like, which, if not correct-
iy performed or adhered to, couid result
in damage to or destruction of part or ail
of the product. Do not pracesed beyond
a CAUTION sign until the indicated con-
ditions are fully understood and met.

i CAUTION

DO NOT SUBSTITUTE PARTS OR
MODIFY INSTRUMENT.

Because of the danger of introducing additional hazards, do
not instali substitute parts or perform any unauthorized
modification to the instrument, Return the instrument t0 a
Hewlett-Packard Sales and Service Office for service and
repair to ensure that safety features are maintained.

Instrurnents which appear damaged or defective should be made inoperative and secured against unintended operation yntif

they can be repaired by qualified service persoarnnel,




SECTIO

ION |
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This supply, is designed for applications
requiring a constant current source with a high
degree of regulaticn and siability and very low
ripple characteristics. The use of a three-posi-
tion output RANGE switch and a 10-turn ouiput
CURRENT control result in resolution down to
0.5ud, Special attention has been given to circuit
details so that well regulated performance is main~
tained down to very low output currents — of the
order of 1pA,

1-3 A special guard supply, within the unit, pro-
vides a voliage which is used to prevent internal
leakage currents which would degrade the regula-
rion characteristics, Since the positive output
voltage is held equal to the guard voliage, if is
alsoc used to drive the front panel voltmeter effecw-
tively isolating the voltmeter from the main supply.
This prevents the usual output degradation associ-
ated with connecting a voltmeter across a corstant
current supply.

1-4 The supply is completely transistorized {all-
silicon) and is suitable for either bench or rack
operation. It is of the Constant Current/Voltage
Limiting tvpe that will furnish full rated output
current at the maximum rated output voliage or can
be continucusly adjusted throughout the output
range. The front panel VOLTAGE control is used to
establish the output voltage limit {ceiling) when
the supply is used as a constant current source.
This control iz continuousty variable throughout
the entire voltage range. The front panel CURRENT
centrol can be used to establish the output current
limit (overload or short-circuit) if the supply is
used as a voltage-limited source.

1~5 A single meter is used to measure either cut-
put voltage or current, The dual selection ls ac-
complished by a METER switch on- the front panel.
Qutput current can be measured in one of three
ranges in accordance with the RANGE switch set~
ting on the front panel, Ouiput voltage is measur—
ed in only one range,

1-6 The power supply has both front and rear ter—
minals, Either the positive or negative ouiput ter~
minal may be grounded or the power supply can be
operated floating at up to a maximum of 300 Volis
off ground {added safetv precautions should be

-1

taken to protect the operator when the suppiy is
used in this mode).

1-7 Terminals at the rear of the unit allow ac-
cess to various control points within the unit o
expand the operating capabilities of the instru-
ment, A brief description of these capabilities is
given below: :

a, Remote Programming. The power supply
can be programmed {(controlled) from a remote lo~
cation by means of an external voltage source or
resistance. The output current can be rapidly pro-
grammed in the up or down directiion using this
technique. Remote programming speed is less than
émsec from zero to 39% of maximum rated output
with an accuracy of 1%,

b, External Voltage Monitoring, The cutput
voltage of the supply can be externally monitored
with an accurate differential or digital volimeter
for applications invelving component testing or
sorting, Connecting the external meter to the guard
voltage prevents output performance degradation
when this feature is emploved.

c. AC Modulation of Quiput. An external ac
component {or varying dc) can be superimposed on
the de output current of the supply. This feature
permits measurement of dynamic impedance, volt-
age breakdown, and leakage resistance,

1-8 SPECIFICATIONS

1-9 Detailed specifications for the power supply
are given.in Table 1-1. .

1-10 CPTIONS

1-11 Options are factory modifications of a stan-
dard instrument that are requested by the customer,
The following options are available for the instru-
ment covered by this manual., Where necessary,
detailed coverage of the options is included
throughout the manual,

Option No. Description
014 Three Digit Graduated Decadial
Current Control: Control that re~
places 10~-turn current control per-
mitting resettability to within 0.1%,
028 230Vac Operation: Before the

supply is shipped from the factory,
an internal line voltage selector



switch is set and the proper fuse in-
gtalled for 230~volt operation. A
1abel on the rear heat sink identifies
the line voltage option. {The uger can
convert an instrument from one line
voitage option to the other by follow-
ing the ingtructions in Paragraph 2-18.

1-12 ACCESBORIES

1-13 The appiicable accegsories listed in the foi-
lowing chart may be ordered with the instrument or
separately from your local Hewlett—-Packard field
sales office (refer to list at rear of manual for ad-
dresses).

# Part No. Description

5060-8764 Rack Kit for mounting one or
two units. (Refer to Section
11 for details.)

5060-8530 Filler panel to biock unused

half of rack when mounting only
one unit.

1-14 INSTRUMENT IDENTIFICATION

1-15 Hewlett-Packard power supplies are identi-
fied by a three-part serial number. The first part
is the power supply model number. The second

Table 1-1.

Specifications,

part is the serial number prefix, consigting of a
number~letter combination denoting the date of a
significant design change and the country of man-
ufacture, The first two digits indicate the year
(10 = 19870, 11 = 1971, etec.); the second two dig~
its indicate-the week (01 through 52); and the let-
ter "A%, "G, “T", or "U" designates the U. 8. A.,
West Germany, Japan, or the United Kingdom, re-
spectively, as the country of manufacture. The
third part is the power supply serial number; a
different 5-digit sequentia! number is assigned to
each power supply, starting with 00101,

1-16 1If the serial number prefix on your unit
does not agree with the prefix on the title page
of this manual, change sheets suppliad with the
manual define the differences between your in-
strument and the instrument described by this
manual.

1-17 ORDERING ADDITIONAL MANUALS

1-18 One manual is shipped with each instrument.
rdditional manuals may be purchased from your
local Hewlett—-Packard field office (see list at rear
of this manual for addresses). Specify the model
number, serial number prefix, and @ part number
provided on the title page.

Models 6177C and 6181C

INPUT:
115Vae +10%, single phase, 48-63Hz,
0.6 amps, 55 watts {nominal)

OUTPUT CURRENT RANGES:
Model 6177C: 0-500ma, 0-50ma, 0-5SmA
Model 6181C: 0-250mA, 0-25mA, 0-2.5mA

OUTPUT VOLTAGE COMPLIANCE
Model 6177C: 50Vdce
Model 6181C: 100vdc
(For both models, minimum voltage limit is 0.5
volts)

LOAD EFFECT (LOAD REGULATION): .

The output cutrent changes less than 25ppm of
initial value plus Sppm of current range swiich
setting for a ioad change which causes the output
voltage to vary from zero to maximum. {(The re~
lative humidity must be less than 50% when mea-
suring load effect.)

SOURCE EFFECT {LINE REGULATION):

The output current changes less than 25ppm of
initial value plus Sppm of range switch setting
for any line voltage change within the input rating
(104 to 127Vac, or 208 to 254Vac) and at any out-
put current and voltage within rating.

RESOLUTION:
0. 03% of range switch setting

PARD (RIPPLE AND NOISE):

Model 6177C: 500mA range  160uA/1mA {rms/
p~p, dcto Z0MHz)
50mA range 16u2/200pA
SmA range 1, 6uA/40nA
Mode]l 6181C: 250mA range  80pA/500RA
25mA range 8uA/100uA
2.5mA range 0. 8uA/20pA

TEMPERATURE RANGES:

Operating: 0 to 40°C ambient, At higher tem-
peratures, maximum output current setiing must
be reduced linearly to 80% at 53°C.

Storage: ~40 to 75°C

TEMPERATURE COEFFICIENT:

Output change per degree Celsius is less than
75ppm of cutput current plus Sppm of range switch
setting.

DRIFT (STABILITY):

Total output current drift is less than 100ppm
of output plus 25ppm of range switch setting.
Drift ig measureq for 8 hours at constant ambient,
line, load, and output seiting affer an initial
warm-up of one hour.

LOAD TRANSIENT RECOVERY TIME:
Lese than 800usec for output current recovery to

within 1% of the nominal output current following

a full load change in cutput voltage.

1-2




Table 1-1. Specifications, Models 6177C and 6181C {Continued}

PROGRAMMING SPEED:
Less than 6 milliseconds are required to program
from zero to 99% of the maximum rated output
current of each range or from the maximum rated
output current of each range to less than 1% of

that current.

CONSTANT CURRENT REMOTE PROGRAMMING

COEFFICIENTS:

Resistance Programming (Aceouracy: 1% of output

plus 0. 04% of range}

Model 6177C:

Model 6181C:

Voltage Programming (Accuracy:

500mA range
30mA range
SmA range
250mA range
25mA range'
2. 5mA range

plus 0, 04% of range}

Model 6177C:

Model 6181C:

500md range
50mA range
SmA range
250mA range
25mA range
2. Smh range

4 /mA
40n/mA
400~/ mi
20n/mA
280n/mA
2000n./mA

0. 5% of output

2mvV/ma
20mV,/mA
200mV/mh
10mV/ma
100mvV/ma
1V./mA

| VOLTAGE LIMIT REMOTE PROGRAMMING

COEFFICIENTS:

An external resistance of 870~ per volt in the
Model 6177C or 435~ per volt it the Model 6181C

will program the voltage limit to within £25% plus
I volt. A voltage input of 1 volt per volt will pro-
gram the voltage limit of both models to within

3 volts.

METER RANGES:
Model 6177C: 630mA, 60ma, éma, and 60Vdc
Model 6181C: 300mA, 30ma, 3mh, and 120Vdc

OUTPUT IMPEDANCE (Typical: R in parallel with
G*)

Model 6177C
500mA range R =3,3Mn C =0, 05uF
50mA range 33Mn 0. 00&uF
5mA range 336Ma 5CG0pF
Model 6181C
250mA range 13. 3Mn 1000pF
25mA range 133Mn 100pF
2. 5mA range 1330Mn 10pF

*The formula Z = RXg / R% + Xc2 can be used
for calculations up to 1MHz. Above 1MHz, the
output impedance is greater than the formula
would indicate. '

DIMENSIONS:
See Figure 2-1

WEIGHT:
4.53kg (10 Ibs) net; 5. 9kg (13 lbs) shipping
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SECTION I
INSTALLATION

2-1 INITIAL IilSPECTiON

2-2 RBefore shipment, this instrument was in-
spected and found to be free of mechanical and
electrical defects, As soon as the instrument is
unpacked, inspect for any damage that may have
cccurred in transit, Save all packing materials
until the inspection ig completed. If damage is
found, file a claim for damage with the shipper.
Hewlett-Packard Sales and Service Office should
be notified. :
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 not scratched or cracked,
2-5 ELECTRICAL CHECK

2-6 The instrument should be checked against
its electrical specifications, Section V includes
an "“in-cabinet" performance check to verify proper
instrument operation.

2.7 INSTALLATION DAYTA

2~8 The instrument is shipped ready for bench
operation, It is necessary only to connect the in-
strument to a source of power and it is ready for
operation,

Z-9 LOCATION

2~10 Thig instrument is air cooled. Sufficient
space should be allotted so that a free flow of
cooling air can reach the sides and rear of the in-
strument when it is in operation. It should be usad

in an area where the ambient temperature does not
axcead 40°C,

2-11 QUTLINE DIAGRAM

2-12 Figure 2-1 illusirates the outline shape and
dimensions of the 6177C and 6181C supplies.

2=-13 RACK MOUNTING
Z=-14 . This instrument may ke rack mounted in a

standard 19 inch rack panel either alongside a sim=-
ilar unit or by itself. Figure 2-2 shows how bih
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Figure 2-1, Outline Diagram

types of instailations are accomplished.

2-15 To mount one, or two units side-~by-side,
proceed as follows:

a., Place adaptor frame con bench,

b, Remove feet from submodular instruments,
Place instrument{s) in frame,

c. Place divider clamps between instrumenis,

d, Place divider clamps in position on each
end and push the instrument combination into frame,

e, Insert screws on either side of frame and

tighten.

1/2 MODULE INSTRUMENT
OR FILLER PANEL

MVIDER AND
END CLAMPS

ADAPTOR FRAME

Figure 2-2, Rack Mounting One and Two Units



2-16 INPUT POWER REQUIREMENTS

9-17 & label on the rear of the supply identifies
the line voitage option of your supply: 11l&Vac
for the standard instrument, or 230Vac for Option
028 instruments. The input power required at
full load is 55 watts: input current is 0.6 amps
with a 115Vac input or 0.3 amps with a 230Uac
input.

i

CAUTION

Before applying power to the supply,
make certain that its line voltage se-
lector switch {83) is set for the line
voltage to be used. The switch is
visible through the perforations in the
bottom cover.

2-18 CHANGING THE LINE VOLTAGE OPTION

2-1% If desired, the user can easily convert the
unit from 115Vac to 230Vac operation, or vice versa,
by following the instructions below.

_ 1. After making certain that the line cord is
disconnected from a gource of power, remove the
bottom cover from the supply. First remove the
rear foot by pressing the button and sliding the
assembly toward the right side of the supply. Then
remove the two screws at the bottom rear and slide
the botiom cover to the rear and off, Set the in-
ternal switeh for the desired input voltage, 115 or
230, Replace the cover. -

2. Replace the rear panel ac fuge (F1) with
one of the proper rating for the voliage to be used.
For 115Vac operation, use a normal time-constant
250V 1-amp fuse (HP Part No. 2110-0001); for
230Vac operation use a normal time-consiant
250V 1/2-amp fuse (HP Part No. 2110-0012). The
internal dc fuse (F2} does not need to be changed
when changing the line voltage option.

3, Mark the instrument clearly with a tag or
label indicating the correct line voltage to be used.

2-20 POWER CABLE

2-21 To protect operating personnel, the National
#lectrical Manufacturers Association (NEMA} re-
commends that the instrument panel and cabinet

be grounded. This instrument is equipped with a
three conductor power cable, The third conductor
ig the ground conductor and when the cable is plug-
ged into an appropriate receptacie, the ingtrument
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is grounded. The offszet pin on the power cable
three-prong connector is the ground connection.

In no event shall this instrument be operated with-
out an adeguate cabinet ground connection.

2-22 To preserve the protection feature when
operating the instrument from a two-contact out-
let, use a three-prong to two-prong adapter (if
permitted by local regulations} and connect the
grean lead on the adapter to ground,

223 Model 6177C and 6181C supplies are equip-
ped at the factory with a power cord plug appro-
priate for the user's location. Figure 2-3 illu-
atrates the standard configurations of power cord
plugs used by HEP. Above each drawing lg the HP
option number for that configuration of power
connector ping. Below each drawing is the HP
part number for a replacement power cord equip-
ped with a plug of that configuration. Notify the
nearest HP Sales and Service Office if the ap-
propriate power cord is not included with the
ingfrument.

2.24 REPACKAGING FOR SHIPMENT

2-925 To insure safe shipment of the instrument,
it is recommended that the package designed for
the instrument be used. The original packaging
material is reusable, If it is not available, con-
tact your local Hewlett-FPackard field office

to obtain the materials. This office will also
furnish the address of the nearest service office
to which the instrument can be shipped and pro-
vide the Authorized Return label necessary to
expedite the handling of your instrument return.
Be sure to attach a tag to the instrument which
specifiss the owner, model number, full serial
number, and service required, or a brief descrip-
tion of the trouble.

. OPTION 901

OPTION 200 CPTION 902 OPTION 903
®
o 0
BI20-1351 B8120-1369 BI20~169} BiZ0-0050

{+IP PART NO. FOR PERMANENTLY ATTACHED LINE CORD!

Figure 2~3. Power Cord Configurations



SECTION HI
OPERATING INSTRUCTIONS

L

BI77C DC CURRENT SOURCE

HEWLETTSPAGKARD  0-50V G-500MA

Figura 3-1,

3-1 TURN-ON CHECKOUT PROCEDURE

3-2 The following checkout procedure describes
the use of the front panel conirols and indicators
and ensures that the meter and programming cir-
cuits are operable, Actual outpui current should
be checked with an external ammeter before con-
necting delicate loads.

a, Set line/meter switch (1} to VOLTS and
observe that LINE light (2) goes on.

k. To select voltage limit, adjust VOLTAGE
control (3) until front panel meter {4) indicates
desired output voltage (no load connected),

c. VOLTAGE LIMIT lamp (5) should be on
with no lead connected,

d. To seilect constant current output, turmn-
off supply and short + and - cutput terminals (front

Operating Controls and Indicators

or rear), : :
&. Set swiich {1) to AMPS and select de-
sired outpuf current range with range switch (6).
Adjust CURRENT control (7) for desired cutput cur~
rent,
£, Remove short and connect load to cutput
terminals (front or rear),

3.3 OPERATING MODES

3-4 The power supply is designed so that its
mode of operation can be selected by making
strapping connections between particular terminals
on the terminal strips at the rear of the power sup-
ply. The terminal designations ars stenciled in
white on the power supply above or below thelr



respective terminals, The operator can ground
either terminal or operate the power supply up to
300Vde off ground {floating), If one cutpui termi-
nal is to be grounded, the ground conneciion must
be made at the front paneal since the rear terminal
strips do not contain a ground terminal, The load
may be connected to either the front or rear termi-
nals without degrading the performance of the
supply in any way.

3-5 The following paragraphs describe the pro-
cedures for utilizing the various operational capa-
bilities of the power supply. A more theorstical
description concerning the cperaticnal features of
this supply is contained in Application Note 80,
Power Supply Handbook, available at no charge
from vour local Hewlett-Packard sales office,

3-6 NORMAL OPERATING MODE

3-7 The power supply is normally shipped with
its rear terminal strapping connections arranged
for Constant Current/Voliage Limiting, local pro=
gramming, single unit mode of operation. This
strapping pattern is illustrated in Figure 3-2. The
operator meraly selects a constant current ocutput
using the front panel conirols (local programming,
no sirapping changses are necessary),

+ AD A1 AZ A3
%,

-

M
olo|dlo|

— A4 A5 A6

Figure 3~2. Normal Strapping Pattern

3«8 CONSTANT CURRENT
3-89 To select a constant current output, proceed
as follows: :

a, With output terminals shorted or cpen
{see NOTE), adjust CURRENT control for desired
oufput current.

b.
AGE control for maximum output veltage allowable
{voltage limit), as determined by load conditions.
if a load change causes the voliage limit to be ex-

With output terminals open, -adjust VOLT-

3-2

ceeded, the powsr supply will automatically cross-
over to ¢onstant veltage output at the preset voli-
age limit and the output current will drop propor~
tionately., When this occurs, the VOLTAGE LIMIT
lamp on the front panel will light, In seiting the
woltage limit, allowance must be made for high
peak voltages which can cause unwanted crossover,
{Refer to Paragraph 3-34.)

NOTE

When the unit is operating in the volt-
age limit mode {LIMIT lamp on) the
front panel ammeter indicates the pro-
grammed ouipui current rather than the
actual output current. This enables
the operator to set the outputi current
(using the front panel CURRENT con-
troi) without shorting the output termi-
nals,

3-10 CONNECTING LOAD

3-11 Loads for & constant current source must al-
ways be connected in series {never in paralisl). If
the supply ig used as a voltage limited source, the
reverse is true = the loads must be connected in
parallel, For constant current operation, extreme
care must be taken to avoid shunt paths external to
the powsr supply. The presence of shunt paths will
tend to degrade the performance of the supply, I
the load is remotely located from the supply, shunt
paths can be avoided by using shielded cable. If
the supply is used as a posiilve source {negative
terminal grounded) one end of the shield can be
connected to the guard terminal {designated +METER
on the front and terminal AD on the rear) and the
other end left uncoanected, This effectively pro-
jects the internal guard voltage along the shield
affording absolute protection against leakage, If
the suppﬁy is used as a negative source the above
method cannot be utilized, However, the use of a
shielded cable will be sufficient fo preveni shunt
leakage for most applications,

CAUTION

Never connect the negative output ter-
minal to the guard {terminal A0 on

the rear), This places a high negative
potential at the input of differential
amplifiers Q18 and Q1% and will resuit
in damage to these componanis.

3-12 OPERATION OF SUPPLY BEYOND RATED QUTPUT

3~13 The shaded area on the front panel meter face



indicates the amount of ocutput current or voitage
that is available in excess of the rated output.
Although the supply can be ¢perated in this shaded
region without being damaged, it cannot be guar-
anteed to meet all of its performance. specifica-
tions. However, if the line volitage is maintained
above 115Vac, the supply will probably operate
within its specifications,

1

3-14 OPTIONAL OPERATING MODES
3-15 REMOTE PROGRAMMING, CONSTANT CURRENT

3-16 Either a resistance or a voltage source can
be uweed to control the constant current output of
the supply. The CURRENT control on the front
panel is disabled when remote programming the

supply.

3-17 Resistance Programming (Figure 3-3). In
this mode, the ouipul current varies at a rale dg =
termined by the remote resistance programming co-
afficient. This coefficient is different for each
ocutput current range, as shown in Table 1-1 of
this manual., The programming coefficient is dg=-
tarmined by the constant current programming cur-
rent which is adiusted to 500 +5pA at the faciory,
If greater programming accuracy is required, it can
be achieved by changing resistor R3% as outlined
in Section V. :

4 AQ Al

AZ A3

PROGRAMMING
RESISTOR

RI_E_:

[

A4 AS AB

figure 3-3. Remote Resistance Programming,

Constant Current

3-18 Use stable, low noise, low temperature co-
efficient programming resistors to maintain the
power supplies temperature coefficient and stabil-
ity specifications. A switch may be used o set
discrete values of output current, A make=heiore-
break type of switch should be used since the out~
put current will exceed the maximum rating of the
power supply if the switch contacts open during
the switching interval,

3~3

CAUTION

If the programming terminals (A0 and
Al} should open at any time in the re-
mote programming mode, the output
current will rise to a value that may
damage the power supply and/or the
load. A protection resistor (2Ka
Model 6177C or 5Kn Model 6181C)
can be connacted across the program-
ming terminals to avoid the possibil-
ity; however, noie that the addition of
the resistor will alter the linear pro-
gramming coefflcient given in Table
1-1,

3-19 If the negative output terminal of the supply
is grounded, care must be taken to avold leakage
current paths from the programming source to the
negative output terminal {ground). Shunt paths
such as this, will seriously degrade the perform-
ance of the supply,

3-20 Voltage Programming (Figure 3-4). In this
mode, the ouipui current varies at a linear rate
determined by the voltage programming coefficient
given in Table 1-1. The entire voltage span for
the source is approximately 0~1 Voit {Model 6177C)
or 0~2.5 Voits (Model 6181C). The programming
voltage should never exceed 1. 2 Volts {(Model
6177C) or 3 Volts (Model 6181C). Voltages in ex-
cess of this will result in excessive power dissi-
pation in the instrument and possible damage.

4+ AQ AL AZ A3

A4 AB A6

FPigure 3-4. Remote Voltage Programming,
Congtant Current

3-21 The 500pA programming current, flowing into
verminal Al from the reference supply (see sche-
matic), imposes two restrictions in the voltage
programming mode. The first restriction is that the
voltage source must be capable of sinking (absorb-



ing) thiz 500pA current and the second restriction
is that, if the programming terminals are opened,
the programming current will cause the output cur-
rant to rise to an excessive level (refer to CAUTION
note of Paragraph 3~18), Protection resistors,
previously menticned in the CAUTION note, can be
emploved to limit the output current G a safe value
under any conditions. )

3-29 If thef user finds that his voltage source can-
not sink the 500pA programming current, the pro-
gramming current path te terminal Al can be opened
by removing resistor R37 from the main printed cir-
cuit board, This does not detract from the voltage
programming performance in any way; but does
eliminate the need for sinking the programming cur-
rent, OCpening R37 also cbviates the need for an
open terminal protection resistor. Opening the
programming terminals with no programming current
results in zero output current instead of an exces-~
sive outputf current.

3-23 If the negative output terminal of the supply
is grounded, the voltage source must be floating
(ungrounded). In addition, shunt leakage paths
from the floating source 1o the negative terminal
must be avoided, To accomplish this, the case of
the voltage source can be connected to the guard
terminal (A0) affording complete protsctlon against
leakage, If this method is used, ensure that the
case is not grounded by any other means; such as
the power line.

3-24 REMOTE PROGRAMMING, VOLTAGE LIMIT

3-25 The voltage limit of the supply can be pro=~
grammed with a remote resistance or voltage source
if required, Note that the front panei VOLTAGE con-
trol is disconnected by the following procedures,

326 Resistance Programming (Figure 3-5), The
voltage limit of the supply is determined by the
programming coefficient — 8§70~ per Volt for Model
6177C or 435 ~ per Volt for Model 6181C. The volt-
age programming current ig 1. 15mA (Model 6177C)
or 2. 3mA (Model 6181C) and is factory adjusted o
within 25%. Adjustment of the programming ac-
curacy can be achieved by changing resistor R6 as
described in Section V.

2-27 A switch can be usad in conjunction with
various resistance values in order to obtain dis-
crete voltages., The switch should have make-
before~break contacts to avold momentarily open=~
ing the programming terminals during the switch-
ing interval, Opening the programming terminals
(A4 and Ab) causes the output voitage to rise above
normal and may damage the load device,

3-28 Voltage Frogramming (Tigure 3-6). In this

3-4

+ AGC AP A2 A3

PROGRAMMING
R g RESISTOR

Pigurs 3-5, Remote Resistance Programming,
Voltage Limit

mode, the voltage limit will vary in a 1 to 1 ratic
with the programming voltage {voltage source).
Similar to voltage programming the cutput current,
Paragraph 3-18, the voltage source used must be
capable of sinking the 1. 15mA (Model 6177C}) or
2. 3mA (Model 6181C) programming current flowing
into terminal A6, If the users source cannot ab=~
sork this current, the programming current path
can be opened by disconnecting the collector lead
of Q2 (see schematic), This does not adversely
affect the operation of the supply in any way.

+ AQ Al AZ A3

Yrd
VOLTAGE

RL SOURCE
: = +

i

Pigure 3-6. Remote Voltage Programming,
Voltage Limit

3-29% EXTERNAL VOLTAGE MONITORING

3-30 If aceurate indications of cutput voltage are
required, they can be obtained with an axternal



voltmeter, as shown in Figure 3~7, Notice that
one end of the meter is connected to the guard ter-
minal (AD), This effectively isclates the meter
from the main power supply, preventing the per-
formance degradation that would occur if the meter
were connected directly across the + and - output
terminals,

+ AQ Al A2 A3

© 2|
+
@

- Ad A5 A6

R

Figure 3-7. External Voltage Moenitoring

NOTE

The external volimeter must not draw
more than lmd from the auxiliary
source that provides the guard volt-
age. A& current drain in excess of 1mA
will seriously impair the operation of
the power supply.

3-31 EXTERNAL AC MODUTATION

332 TFigure 3-8 shows a method of superimposing
an ac component on top of the adjustable dc output
current of the supply, which is operating as a con-
stant current source, The de current level is con-
trotled in the normal fashion from the froni panel
while the ac component of the output current is
determined by the modulation percentage. The
percentage of modulation is affected by the ampli-
tude of the external voltage input and the value of
the series resistance, as follows: % Medulation =
Esource (pk-pk)/Rx {in Kn}, Using the above for-
mula, the user would require an external resistance
of 2X. and a 2 Volte peak-to-peak input signal
from the external source to modulate a dc current
level of 100mA by 100%. In this case, the output
current weuld swing between 200mA and zero Am-

3-5

peres, The output current should never be atlowed
to swing beyond the rating of the supply (500ma,
p~p, for Model 6177C or 250mA, p-p, for Model
6181C) or clipping of the output and possible im~
ternal damage will result,

+ AQ Al A2 A3

efelole

Figure 3-8, External AC Modulation

3-23 The coupling capacitor (Cc) should be
chosen so that its reactance is at least ten~times
smaller than Ry at the frequency of intersst. For
input frequencias up to 50Hz the output of the
supply can be modulated 100%, Above 50Hz the
modulation capability decreases linearly to approx-
imately 10% at 500Hz.

3-34 Notlce that it is possible fo remotely program
the dc output current of the supply in the external
moduiation mode of operation. This can be accom-
plished by removing the strap between Al and AZ
and connecting.the programming source 8CTOSS
these terminals,

3-35 SPECIAL OPERATING CONSIDERATIONS
3~36 PULSE LOADING

3-37 The power supply . will automatically cross
over from constant current to voltage limiting oper-
ation in regponse to an increass {over the preset
limit} in the output voltage. Although the preset
limit may be set highsr than the average output
voltage high peak veoltages (as cocur in pulse
loading) may exceed'the preset limit and cause
crossover to occour, If this crossover limiting is
not desired, set the preset limit for the peak re~
guirement and not the average,



3-38 REVERSE VOLTAGE LOADING

3-39 Diode CR34 is connected internaliy across
the supply. Under normal operating conditions,
the diode is reverse biased {anode connected to
negative terminal). If a reverse voltage is applied
to the output terminals {positive voltage applied
to negativemterminal), the diode will conduct,
shunting current across it. This diode protecis
the series transistors and drivers.

3-40 REVERSE CURRENT LOADING

3-41 An active load connectad to the power sup~
ply may actually deliver a reverse current to the
power supply during a portion of its operating
cycle. An external source cannot be allowed o
pump current into the supply without loss of regu—
lation. Diodes CR35, CR36, CRA7, and CR48,
connected in series with the negative output lead,

3

3-6

protect internal components from damage by block-
ing these reverse eurrents. However, to avoid re-
gulation degradation, it is necessary to praload
the supply with a dummy load resistor so that the
powet supply delivers current through the entire
operating cycle of the load device.

42" TURN-CN TRANSIENT PROTECTION

3-43 Immediately following turn-on, the volitage
at the positive output terminal of the supply goes
slightly negative (to about -1 volt) for several se-
conds until the internal reference and bias voltages
atabilize. The maximum cutput current available
during this interval is about -1 5mb. When power-
ing a load that could be damaged by thig small
negative voltage, connect a_diode in series

with the load with tts anode toward the positive
output terminal to block any reverse current. The
series diode has no offect on the current regulation
characteristics of the supply.
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Figure 4-1. Owerall

4.1 OVERALL BLOCK DIAGRAM DiSCUSSION

4-2 The biock diagram of Figure 4-1 shows the
major circuits of two DO Cwrrent Sources, the
Model 6177C and the 6181C. The circults of
these two power supplies are similar except for
differing component values and rectifier circuits.
The 61778 uses a full-wave bridge rectifier and
capacitor filter to produce the unregulated volt-
age supplied to its current regulating circuits.
To produce & higher output voltage, the Mode:
6181C substitutes a voltage doubler circuit for

Block Diagram

the full-wave bridge.

4-3 The output current of the supply is precisely
regulated by & transistor circuit connected in geries
with the rectifier or voltage doubler. The con-
ductance of this series regulator, and thus the
output current, is controlled by a negative feed-
back error signal produced by the constant current
comparator and amplified by the driver.

4-4 The constant current comparator is a high gain

differential amplifier.

The two veltages it compares



are: 1} the voltage drop across some current
sampling resistors connectaed in series with the
positive output terminal, and 2} the output volt-
age of an auxiliary regulated gupply called the
guard supply.

4-5 The voltage across the cwrent sampling re-
sistors is proportional to the supply's output cur-
rent. The, current range switch on the front panel
selects a value of current sampling resistance
that produces the same voltage drop al maximum
output in each of the supply's output ranges.

4-6 The guard supply is a precision variable volt-
age supply whose 0 to -1V (6177C} or 0 to -2, 5V
{(6181C) output programs the unit's regulated out-
put current by acting as a reference voltage for the
constant current comparator, The guard supply
uses the 6, 2V output of the reference supply as
its reference voltage. The 10-turn curreat control
on the front panel adjusts the output current of the
main supply by varying the guard voltage input o
the comparator.

4.7 The constant cuwrrent comparatar controls the
conductance of the series regulator so that the
comparator's two inputs remain equal. This holds
the supply output current at the value that produces
a voltage drop across the sampling resistors eqgual
to the output of the guard supply. As the ac input
voltage fluctuates or the load on the output of the
supply changes, any tendency for the output cur-
rent to change is almost completely canceled as '
a result of the error signal the comparator produces.

4-8 When the supply is firgt energized, the turn-
on/turn-off control circuit limits the turn-on rate
of the series regulator to prevent an output current
surge.

4-9 In addition to serving as a reference voltage
for the comparator, the guard voltage has two other
functions. First, this voitage is used to shisld
the output conductors within the supply against
leakage currents. Second, it allows the output
voltage and current of the supply to be metered
without affecting the output of the supply. The
guard voltage can serve both of these functions
becauge it is alwaye exactly equal to the voltage
of the supply's positive output terminal.

4-10 Even small leakage currentg that might flow
between the output conductors of a regulated supply
can be significant because they subtract directly
from the output current and thus impair current
regulation. This is especially {rue at low output
currents. By surrounding the positive outpui con-
ductor with a copper conductor which is at guard
potential, leakage is minimized because now there
is no difference in potential to cause leakage

4-2

aurrent to flow. Any leakage that might flow from
guard to the negative output does not flow through
the current sampling resistors and thus has no
effect on current regulation, A front panel guard
terminal makes the guard voltage available for
extending this technique of shielding againsi
leakage tc external load circuits, if required.

4-11 To avoid loading the output, the meter cir-
suit takes advantage of the fact that the guard
voltage equals the voltage of the positive output
terminal. If a voltmeter were connected directly
across the output of the supply, it would draw

part of the current that should flow through the
load. Connecting the front panel volimeter between
the negative output terminal and guard avoids

thig problem. An external voltmeter can ba con-
nected between the negative output and the front
panel guard terminal if an output voltage reading

of greater accuracy is required. Since the differ—
ence betwsen the guard voltage and supply common
is equal to the voltage drop across the current
sampling resistors and this drop, in turn, ig pro-
portional to the output current, the front panel
meter in its current ranges is connected between
guard and supply common.

NOTE

The common point for the internal cir-
cuits of this supply is at the inboard
side of the sampling resistors. This
ensures that only output current flows
through the sampling resistance.
Supply common { @ ) must not be
used as a ground connection or con-
nected to the positive or negative
output terminal.

(The cutput current meter does not indicate actual
load current but instead indicates the output cur-
rent that hag been programmed, whether or not a
load ig connected across the output. )

4-12 The bleed circuit keeps series regulator
current above a minimum value whan a small out-
put current ts programmed. This is necessary to
keep the regulator transistors in their active oper-
ating region. Current from the +24V unregulated
output of the reference supply circulates through
the bleed circuit, the main rectifiers, the serigs
regulator, and the driver, and returns to supply
common without flowing through the current sampi-
ing registors. .

) 4-13 The reference supply is an auxiliary voltage

supply which provides several voltages, unregu-
lated and reguiated, .that are required by other



eircuits of the supply. The raference supply's
+6, 2V output ig the basic reference voltage for
the cutput current regulator,

4~-14 The output voltage of a regulated dc current

source depends on the resistance of the load and
on the output current that has been programmed.

A voltage limit circuit is provided fo limit this
voltage to an appropriate value such as the mapi-
mum safe voltage for the load being powered. The
voltage limit circuit consists of s shunt voltage
regulator whose output voltage can be programmed

to the desired maximum output voltage of the supply.

The voltage limit in these supplies can be set to
any value from 0. 5 volts to the voliage compliance
of the supply (30VWdc in the 6177C, or 100Vde in the
6181C). The programming current gsource provides
a fixed. current through the control that sets the
voltage limit. Two isolation diodes connect the
output of the voltage limit circuit to the output

of the current regulator. During normal operation
one of these diodes {CR41} is reverse biased and
no current flows, -but if the supply outpui exceeds
the preset voltage limit, both diodes conduct and
the voltage limit circuit draws sufficient current
from the current regulator to hold its voltage at
the programmed voltage limit., {Whenever the out-
put of the supply has no load connected, all of
the programmed current indicated by the front
panel meter flows through the igolation dicdes

and the voltage limit circuit. )

4~15 To minimize leakage through isolation diode
CR490 during normal operation, the junction of
CR40 and CR41 is connected to guard potential
through R16 in the voltage limit light circuif.
Dicde CR41, then, hag as itg reverse voltage the
entire difference between the programmed voltage
limit and the actual output voltage. When volt~
age limiting occurs, the voltage limit light circuit
detects the voltage drop acrogs CR40 and lights

a front panel veoltage limit indicator.

4-16 DETAILED CIRCUIT DESCRIPTION
4-17 REFERENCE SUPPLY

4-18 'The reference supply is a regulated voltage
supply that provides stable biag and reference
voltages ugsed throughout the instrument. All of
the reference supply outputs are derived from the
raw d¢ produced by full-wave rectifier CRS through
CR8 and Filter capacitor C3. Thesge voltages are
measured with respect to supply common v 3.

4-19 Transistors Q14 and Q15 form a differential
amplifier which compares a voltage proportional
to that of the +12. 4V output to the stable +6, 2

4-3

volis across the temperature~compensated zener
VR5. The error signal produced is amplified by
driver Q13 to control the conductance of two
parallel series regulator transistors, Q11 and Q12.
These series regulator transistors hold the +12. 4V
output constant.

4-20 The +6. 2 volts across VRS algso provides the
reference current input to the guard supply, Two
more reference supply outpuis of +5. 6 volts and
-16. 2 volts are shunt regulated by VR12 and VRé,
A +24V unregulated output is taken from the raw
dc input to the reference supply.

4~21 GUARD SUPFLY

4-22 The guard supply is a constant voltage régu~
lator whose output is set by current control R440

on the front panel. The output of the guard supply
is used as a programming voltage for the constant

current comparator. Guard voltage is also uged

to shield the unit's output conductors and to avoid
having to draw meter cuwrrent from the output of

the current regulator.

4-23 The guard supply consists of & differential
input stage, Q18, and an integrated circuit out-
put amplifier, U2. Constant current source Q242
biases the input stage. R40 is connected as a
feedback resistor between the output of U2 and the
amplifier summing point at terminal Al. Because
the base of Q188 is tied to supply common, the
summing point remains at zero volts. As a result,
the programming current through R40 from the +6, 2
reference remains constant regardless of R40's
resistance setting., The value of R35 is selected
to adjust this programming current. (The instru-
ment's output currant can be remotely programmed
by a resistance of voltage input between terminals
Al and A2. 8ee Section [II for remote current
programming instructions. )

4-24 The input of the differential amplifier is
protected from overvoltage by a limiting network
consgisting of R39, CR15, and CR16, The collector
currents of Q18 are adjusted by R46 to equalize
the emittar-base voltages of Q18A and B. Zener
diode VR3 is connected across the output of the
guard supply to prevent the output from going pogi=
tive at turnoff or from exceeding ~4. 3 velts., The
normal output range of the guard supply is zero

to -1 volt in the 6177C and zero to -2. 5 volts

in the 6181C. To protect the inputs of the guard
supply and the constant current comparator from
damage, ihe series combination of VR3 and CR38
clamps the transients which appear across the
output current sampiing registors when the ocutput
of the current regulator is ghorted.

i



NOTE

When the output of the guard supply
ig used to drive an external voltmeter,
the maximum current which can be
drawn without affecting the perfor-
mance of the instrument is 1 miiliamp.

4-25 CONSTANT GURRENT COMPARATOR

4-26 The constant current comparator is a dif-
ferential amplifier whose function is to compare
the voltage drop across the current sampling
resistors to the outpui voltage of the guard supply
and to produce an error signal proportional to this
difference. This error signal is amplified by the
driver and applied to the series regulator to keep
the supply's output current at the desired value.

4-27 The constant current comparator consisis of
a differential input stage, Q1% a dual emitter
follower driver amplifier, Q23 and Q24, and an
integrated circuit ocutput amplifier, Ul. GConstant
current source Q21 biases the input stage. {VRLD
serves as the voltage reference for both bias cur~
rent sources, Q21 and Q22.) One side of the dif-
ferantial input is connected to the guard supply
while the other is connected to the outboard side
of the appropriate current sampling resistor through
current range switch 82. RBO protects the inputs
of the constant current comparator and the guard
gupply by limiting the peak current that output
tranglents can inject into them and also acts as

a fuse. Tumper J4, connected between the guard
supply and the base of Q19B, is intendad to be
disconnectad during some troubleshooting proce-
dures. R46 is another zero balance adjustment.

It is set so that the minimum setting of front panel
currant control R40 corresponds to a zero ampere
output current.

4-28 CR13 and VR4 form a voltage limiter which
is ponnected internally through Ul-8 to limit

the output of Ul at pin 6. When an increasing
step change in output cwrent is called for, the
output of Ul goes positive, reverse biasing CR30
and allowing the series regulater to turn on. The
limiter operates at +4 voits to prevent the output
of U1 from charging C28 up to +12 volts and de-
laying the start of regulation until C28 can dis-
charge again.

4-29 The output of the constant current compar-
ator acts as a variable cwrent sink for the drive
current supplied to the series regulator through
transistor Q31 in the turn~-on/turn-off control
gircuit.

4-4

4-30 DRIVER AND SERIES REGULATOR

4-31 Q24 in the driver gircuit, connected as an
emitter follower, amplifies the output of the con-
stant current comparator to drive the bases of
driver transistors Q27 and Q28. (The turn-on
bias for Q26 comes from the turn-on/turn-off con-
trol, while the constant cutrent comparaior acts
as a variable current sink and absorbs the excess
current. ) @25 in the series regulator, also con-
nected as an emitter follower, serves as & series-
regulating voltage regulator to provide at its
emitter a low impsdance +5-volt supply which is
used as a collector supply by Q26 and as a base
bias by output power trangistors Q29 and Q30,
Q29 and Q30 cperate in the grounded base mode
and have their emitters driven by Q27 and Q28.
About 4. 5 volts of the output voltage of the main
raw dc supply appears across Q27 and QZ8 while
the remainder is divided between the load on the
output terminals and the paraliel combination of
029 and Q30C.

4-32 Diode CR24 ig in series with the base of .
Q26 to protect Q26 against reverse voltage and
also to protect Ul from damage in the event of a
series regulator failure.

4-33 If a circuit fatlure occurs that would tend
to increase the supply’s output voltage uncon-
trollably, VR14 (in the 6177C} or VR14 and VRIS
(in the 6181C) clamp the driver circuit directly
and limit the output voltage to &0 volts (or 150
volts) to protect Q6 in the voltage limit circuit
from excessive power.

4-34 TURN-CN/TURN-CFF CONTROL

4-3% All turn-on bias for Q26 in the driver circuit
passes through Q31 inthe turn-on/turn-off con-
trol circuit. When ac power is applied to the
ingtrument, this circuit prevents an output cur-
rent overshoot by delaying the application of turn-
on bias to the driver until all bias voltages have
stabilized. Q31 remaing turned off until C34
charges through R78. Then Q31 turns on the
driver.

4-36 When the instrument is deenergized, it is
necessary to discharge C34 gquickly in order to
be prepared for the next time power is applied,
Programmable unijunction fransistor 032 dis~-
charges 34 when Q312 is fired by the rapid fall
in voltage of the +12., 4-volt supply.

4-37 VOLTAGE LIMIT PROGRAMMING CURRENT
SOURCE ' '

4~38 The voltage limit programming current source

~



sends a constant current through the front panel

voltage limit control, RE81. Transistor Q2 com-
pares the voltage drop across its emitter re sistars

to the fixed 6. 2 volts across VR2. The value of
voltage limit programming current through R81 is
adjusted by selecting the value of R6. The pro-
gramming current is adjusted to limit the maximum
setting of R8! to 110% of the specified compliance
of the supply. |

4-39 VOLTAGE LIMIT CIRGUIT

4-40 The voltage limit circuit is a three-transistor
shunt requlater which limits the powst supply's
output terminal volitage by shunting output current
through CR40, CR41, and 06 when the output volt-
age exceeds the voltage limit setting. When the
unit is not in voltage limit, Q6 draws enough cur-
rent through R82 io maintain its collector voltage
at about the voltage developed across R8L. The
shunt regulator’s input transistor, Q4, compares
the voltage on R81 to the regulator's output wolt-
age and drives Q3 which in turn drives Q6. VR7?
protects (4 from the overvoltage that could be
caused if the voltage limit programming leads con-
nected between AS and A6 were opened, (The
instrument's voltage limit setting can be remotaly
programmed by a resistance or voltage input o
terminals AS and A6, See Section III for remote
voltage limit programming ingtructions. } The voit-
age developed across CR49 assures that Q5 hasg
sufficient collector voltage. Turn-on bias for Q6
and the operating bias for Q5 is received from the

4-5

bleed circuit.

4-41 The voltage drop across CR3S, CR236, CR47,
and CR48 make the emitter resistor return point of
06 more negative than the negative output terminal
of the supply in order that the cutput voltage limit
can be adjusted to ss low as zero volts. R84
maintains a bleed current through these four dicdes
to maintain this voltage drop when output current
is low.:

4-42 VOLTAGE LIMIT LIGHT CIRCTUIT

4-43 Isolation diode CR40 normally has equal
voltages at its anode and cathode: the supply's
output at its anode, and guard potential supplied
through R16 in the voltage limit light circuit at
its cathode. Since the guard and output voltages
are always equal, the voilage across R16 equals
that acrogs CR40. When voliage limiting eccurs
and CR40 conducts, the change ir veltage across
Ri6 ig amplified by U3 and Q8 to light voltage
limit light DS2 on the front panel.

4-44 BLEED CIRCUIT

4-45 The bleed circuit is another constant currant
circult similar to the voltage limit programming
current source. Transistor Q1 uges VR] as a volt~
age reference and maintaing a relatively constant
current through R9. The current path for bleed
current is described in paragraph 4-12,



SECTION V
MAINTENANCE

§-1 INTRODUCTION !

5-2 Upon receipt of the power supply, the per-
formance check (Paragraph 5-5) should be mada.
This check is suitable for incoming ingpection. If
a fault is detected in the power supply while mak~-
ing the performance check or during normal opera-

~ faults exist,

repeat the performance check to ensure that the
fault has been properly corrected and that no other
Before petforming any maintenance
checks, tum-on power supply and allow a hali-
hour warm-up.

tion, proceed to the troubleshooting procedures

{Paragraph 5-38).

BAfter troubleshooting and

repair, perform any necessary adjustments

and calibrations (Paragraph 5-45}

Bafore

returning the power supply to normal operation,

5-3 TEST EQUIPMENT REQUIRED

5=4 Table 5~1 lists the test equipment required
to perform the various procedures described in

this Section,

Table 5-1, Test Fquipment Required

0. 1mV full scale deflection
{min,},

- REQUIRED USE RECCMMENDED
bt CHARACTERISTICS MODEL
Differential Sensitivity: lmV full scale Measure dc voltages; cali- a3 34ZQA/B
Voltmeter {min.}), Input impedance: 10 bration procedures

megohms (min.). Resolution;

1 ppm of range,
Variable Range: 90-130 Volts. Equip~ | Vary ac input -
Yoltage ped with volimeter accurate
Transformer within 1 Volt,
Ac Voltmeter Accuracy: 2%, DSensitivity: Measure ac voltages and rms @@ 3400A

ripple

4

Cseilioscope

Sensitivity: 100uV/cm.
Differential input,

' Display transient responss

waveforms

@ 1803 with 18214
time base and 1806A
vertical, plus 1801A
for noise measure-
ments,

De Voltmeter

Accuracy: 1%. Input resist-
ance: 20,000 ohms/Volt
{min.),

Measure do voliages

& 412K

Repetitive Rate: &0 — 400Hz, Zusec Measure transient response See Figures 5-5
Load Switch rigse and fall time, and programming speed and 5-7
Resistive Values: See Figure 5-3, Power supply load resistors -
Loads 30 Watts.,

Current Values: See Pigure S-3, Measure current; calibrate Rl, R2 and R3;
Sampling ¢.5%, 10Watts, Sppm, meter see parts table.
Resistors 4-Terminal,




Table 5-1. Test Equipment Reguired {Continued)

REQUIRED

TYPE CHARACTERISTICS

RECOMMENDED

USE MODEL

Value: See Paragraph 5-57.
=0, 1%, L Wait. ;

Resistor

Caliprate programming current ———

Decade Range: 0-100K.
Resistance Accuracy: ©.1% plus 1 ohm
Box Make-before~break contacts,

Adiust programming accuracy -—

NOTE

A satisfactory substitute for a differ-
ential voltmeter is to arrange a refer—
ance voltage source and null detector
as shown in Figure 5-1. The reference
voltage source is adjusied 5o that the
voliage diffsrence between the supply
heing measured and the reference voli=
age will have the required resolution
for the measurement being made. The
voltage difference will be a function of
the null detector that is used, Exam-
ples of satisfactory null detectors are:
@ 419A null detector, a dc coupled
oscilloscope utilizing differential in~
put, or a 50mV meter movement with a
100 division scale, For the latter, a
2m¥ change in voitage will result in a
meter deflection of four divisions.

CAUTIQN—em

Care must be exercised when using an
electronic null detecior in which one
input terminal is grounded o avoid
ground leops and circulating currents,

5-5 PERFORMANCE TEST

5-5 The following test can be used as an incom=-
ing inspection check and appropriate portions of
the test can be repeated either to check the oper-
ation of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a 115Vac 60Hz, single phase inpui power source.
If the correct result is not obtained for a particular
check, do not adjust any controls; proceed to
troubleshooting (Paragraph 5-38),

5-7 CONSTANT CURRENT TESTS

5-8 Por output current measurements, the current

REFERENCE
VOLTAGE
SCURCE

POWER SUPPLY
UNDER TEST

- o+
e req

_/

LOAD

NULE
DETECTOR

+

20

-

Tigure 5-1. Differential Voltmeter,
Substitute Test Seiup

sampling resistor must be treated as a four termi-
nal device, In the manner of a meter shunt, the
load current is fed to the extremes of the wire
leading o the resistor while the sampling termi-
nalg are located ag close as possible to the resist-
ance portion itself {see Figure 5-23)., In addition,
the resistors should be of the precision, low noise,
low temperature coefficient (less than 10pom/OC)
type and should be used at no more than 10% of
their rated power so that the temperature rise will
be minimized., The latter, reduces resistance

CURRENT SAMPLING
TERMINALS

EXTERNAL

LOAD

- TO UNGROUNDED
TERMINAL OF

POWER SUPPLY

TO GROUNDED
TERMINAL OF

SAMPLING FOWER SUPPLY
RESSTOR

LOAD
! TERMINALS

Pigure 5-2, Ouiput Current Measurement Technique



changes due to thermal fluctuations. If the user
experiences difficulty in obtaining adequate sam=
pling resistors, it is recommended that he cbtain
duplicates of the sampling resistors (R1,” R2, and
R3) that are used in the unit,

5-8% 'The monitoring device is connected across
the sampling resistors as shown in Figure 5-3, xAs
indicated in this illusiration neither output terminal
of the power sthply is grounded and the measuring
device case is connected to the junction of the
load and sampling resistors, This arrangement
prevents ground loop paths and shunt current
paths, Notice that shunt resisiance paths be-
tween the external switches and ground can exist,
However, since the shunt resistance appears
across only one of the extermal resistors and not
across the entire output terminals of the supply,
the performance of the supply is not degraded.

5=-10 RATED QUTPUT AND METER ACCURACY

5-11 Current, To chack the ouiput current for all
three ranges, proceed as follows: '

a, Connect test setup shown in Figure 5-3,
leaving switch 32 open throughout test,

b, Tum VOLTAGE control fully clockwise,

¢. Set range switch on front panel to high~
est current position (500mA Model 6177C, or 250ma
Model 6181C).

d, Set range switch Sl on external test set~
up to high range and connect + terminal of differ-
ential volimeter to Rgy,

e, Set front panel meter switch to AMPS and
adjust CURRENT control until front panel meter in-
dicates exactly the maximum rated output current
for this particular range. '

f. Differential volimeter should read as
follows:

6177C
1 & 32vde

6181C
2.5 %0, 0bVdc

Model
Reading

If it does not, refer to adjustment procedure at rear,

g. To ¢heck the medium current range, set
the range switches on the front panel and the ex~
ternail test setup to their middle position and dif=-
ferential voltmeter to Rgp. Then, repeat Steps e
and f. {Readings of Step f apply to every current
range.)

h. To check the low current range, set both
range switches to the low current position and re~
peat Steps ¢ and £,

5~12 Voltage, To check the output voltage pro-
ceed as follows;

a, Connect test setup of Figure 5-~3 except
connect the differential voltmeter between the
guard (terminal A0} and - output terminals {see
Figure 3~7 for voltmeter conrections).

LOAD
POWER SUPPLY Rgs%sm;?s
UNDER TEST o L3
+ - MED. Ry p
O O O
Hi  BLi

RESISTORS

H
|
f
\
\
i
;
; CURRENT SAMPLING
i
!
!
|

St
RANGE

{MAKE ~ BEFORE

~BREAK CONTACTS)

BIFFERENTIAL
VOLTMETER

g - 4
L5 §

SV

HIGH MEDIUM LOW
RANGE RANGE RANGE

MODEL NO, fom
Rgl |Ruy[Rsz | Rz | Rez | Re3

6I7T7C 21 | 980|200 }1980A} 200N 8.8K

618IC 100t (39001 1000} 3.9K i¥ 38K

8l86d IGO0 129K 1 IK |29K K | 280K

Figure 5-~3, Qutput Current Test Setup

b, BSetrange switches 1o highest current
positions and meter switch to VOLTS position,

¢,  Turn VOLTAGE conirel fully clockwise
and turn on suppiv

d, Adjust CURRENT control until front panel
meter indicates exactly the maximum rated output
voltage. .

g, Differential volimeter should indicate the
maximum rated output voltage within 2%, If it
does not, refer to adjustment procedure at rear,

5-13 LCAD EFFECT (LOAD REGULATION}
Definition: The change, Alpyr in
the static value of the dc output
current resulting from & change in
load resistance from short circuit
to a value which yields maximum
rated output voltage.

5-14 To check the constant current load regula-



rion for all three output ranges proceed as fotlows:

a. Connsct test setup shown in Figure 5-3.

b, Turn VOLTAGE contrel fuliy clockwise,

c. Set internal and external range switches
1o highest current positions. Connect + gide of
differential voltmeter to Rg1.

4. Set meter switch &0 AMPS and adjust
CURRENT control until front panel meter rgaads ax-
actly the maximum rated output current,

e. Read and record voltage indicated on
differential volimeter,

i, Short out lead resistor (Ry,1) by closing
switch S2.
g. Reading on differential voltmeter should

not vary from reading racorded in Step & by more
than the following:

Model No, 6177C 6181C
Variation (pvdc) £30 +75
h. To check the lecad regulation for the mid~

dle current range, open ghorting switch 52 and set
range swiiches on front panel and external test

setup to their middle position. Connect differen-
tial volimeter 1o Rg2. .

i, Next, repeat 8teps d throuch g. Varia-
tion should not exceed the reading of Step g.

i. To check the load regulation for the low=-
est current range, open switch §2 and set bolh
range switches 0 their low current position, Then
repeat Steps d through g.

5-15 SOURCE EFFECYT (LINE REGULATION)
Definition: The change, Algyr in
the static value of do output cur-
rent resuiiing from a change in ac
input voltage over the specified
range from low line (usually 104
Volts) to high line {usually 127
Volts), or from high line fo low
line.

.16 To check the constant current line regulation
for all three ranges proceed as follows:

a., Utilize test setup shown in Figure 5-3,
except connect variable aute-transformer between
input power soUrce and power input to supply.
Teave switch 52 open throughout tesi,

b, Turn VOLTAGE contro! fully clockwise.

¢. Setrange swiiches on front panel and
external test setup t¢ highest current positions and
connect + lead of gifferential voltmeter to Rgy.

d. Set meter switch to AMPS and adjust auto
sransformer for 104Vac input.

a, Adjust CURRENT control for maximum
rated output current on front panel meter,

£,  Read and record voltage indicated on dif-
farential voltmeter.

g, Adjust auto sransformer for 127Vac input.

h. Reading on differential volimeter should
not vary from reading recorded in Step f by more

than the following:

Meodel No,
Vartation {pvde)

6177C
*25

6181C
+63

i, To check line regulation for medium -cur-
rent range set both range switches to their middle
position and connect differential voltmeter to Rgo.

j. Next repeat Steps d through-h. Varia-
tion should not exceed the reading of Step h.

x. Tor the lowest current range, set both
range switches 1o the appropriale positions and
repeat Steps d through h.

5.17 PARD (RIPPLE AND NOISE)
Definition: The residual ac current
which ig superimposed on the de
output current of a regulated supplty.
Ripple and neoise may he spacified
and measured in terms of its RMS or
(preferably} peak-to~peak value.

5-18 RMS Meagurement, 7o check the rms ripple
and noise, proceed as foliows:

a, Use test setup of Figure 5-3, except
connect ac vollmeter across sampling resistors in-
stead of differential voltmeter. Ensure that power
supoly output is floating 10 avoid ground loops,

NOTE

To preveni extrangous 60Hz pickup,
the external range swiich and load re-
sistors (Ry, and Rg) should be enc losed
in a shielded box. Also, the sampling
leads connected to the ac meter
should be twisted or shielded,

b. Rotate VOLTAGE control fully clockwise.

o, Set range switches to highest current
range. Connect + side of ac voltmeter to Rgl.

4. ‘Set meter switch to AMPS and adjust
CURRENT control untii front panel meter indicates
exactly the maximum rated output current,

s, The ac veltmeter should read less than
the following in the highest current range:

Model No, 2 B177C 6181C
Reading 320pV rms 800wV rms
f. To check rippie and noise for the medium

hoth range switches to
and ac voltmeter 1o
sistor.

and low current ranges, set
their appropriate positions,
appropriate current sampiing re

5-19 High Freguency Noige Measurement. When
measuring high frequency noise, an oscilloscope
of sufficient bandwidth (up to 20MHz) must be




used. Figure 5-4A shows a correct method of
measuring the output ripple of a constant current
supply using a single-ended scope, Ground loop
paths are broken by floating the output terminals
of the supply.

5=-20 Either a twisted pair or {preferably) a shield-
ed two-wire cable should be used to connect the
output terminals of the power supply to the verti-
cal input terminals of the scope, When using
shielded two-wire, it is essential for the shield to
be connected to ground at one end only so that no
ground current will flow through this shield, thus
inducing a noise gignal inthe shielded lesads.

5-21 To verify that the oscilloscope is not dis-
plaving ripple that is induced in the leads or pick=-
ed up from the grounds, the (+) scope lead should
be shorted to the {~} scope lead at the power sup-
ply terminals, The ripple value obtained when the
lsads are shorted should be subtracted from the
actual ripple measurement,

5«22 In most cases, the single-ended scope
method of Figure 5-4A will be adequate to eliminate
non-real components of ripple and noise so thata
satisfactory measurament may be obtained. How-
aver, in more siubborn cases, or in measurement
situations where it is essential that both the power
supply case and the oscilloscope case be connect-
ed to ground {e. g, if both are rack-mounted), it may
be necegsary to use a differential scope with float-
ing input as shown in Figure 5~4B. If desired, two
gsingle conductor shielded cables may be substi-
tuted in place of the shielded two~wire cable with
aqual succesgs, Becauge of its common mode re~
jection, a differential oscilloscope displavs only
the difference in signal between its two vertical
input terminals, thus ignoring the effects of any
common mode signal introduced because of the dif-
ference in the ac potential between the power sup~
ply case and scope case, Before using a differen~
tial input scope in this manner, however, 1t is im=-
perative 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 frace is a straight
line, the scope is properly ignoring any common
mode signal present. If this trace is not a straight
line, then the scope is not rejecting the ground
signal and must be realigned in accordance with
the manufacturer's instructions until proper com-
mon mode rejection is attained,

5-23 To check the high frequency noise output,
proceed as follows:

a, Connect test setup shown In Figure 5-4A
or 5-4B,

L. Set front panel and external range switch-
es to highest current range,

5-5
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NOTES:
FOR VALUES OF LOAD RESISTORS (Ry AND Rg} SEE FIGURES-3
OR TABLE 5-f. FOR HIGH FREQUENCY MEASUREMENTS,
LOW INDUCTANCE RESISTORS SHOULD B8E USED.

Figure 5~4, High Frequency Ripple and Noise,
Test Setup

'

¢. Set meter switch to AMPS and adjust
CURRENT control for maximum rated output current.
d. Observed noise should be less than 2mV



p-p (Model 177G} or 5mV p~p (Medel 6181CH.

e. Set range switches to medium range and
adjust for rated output current of that range,

f. Observed noise should be less than 4mV
p-p {Model 6177C) or 10mV p-p (Modet 6181C).

g. Setrange switches to lowest range and
adiust for rated output current of low range,

h. Observed noise should be less than 8mV
p-p (Model 6177C) or 20mV p~p {Model 6181C).

5-24 LOAD TRANSIENT RECOVERY TIME
Definition: The time "X [or output
current recovery to within "Y" mil-
liamps of the nominal output current
following & "Z" amp step change in
load woltage — where:

"y {s generally of the same order
as the load regulation specification,
The nominal output current is defined
as the dc level hali way between
the static output current before and
after the imposed load change, and
"7V is the specified load voltage
change, normally equal to the full
load voltage rating of the supply,

5.25 Transient recovery time may be measured at
any input line voltage combined with any cutput
voltage and load current within rating.

5-26 Reasonable care must be taken in switching
the load rasistance on and off. A hand-cperated
awitch in series with the leoad is not adequate,
since the resulting one~shot displays are difficult
1o observe on most oscilloscopes, and the arc
energy occurring during switching action complete~
iy masks the display with a noise burst. Transis-
tor load switching devices are expensive if reason-
ably rapid load current changes are to be achieved,

5-27 A mercury-wetted relay, as connected in the
load switching circuit of Figure 5~5 should be
used for lvading and unloading the supply.. When
this load switch is connected to a 60Hz ac input,
the mercury-wetied relay will cpen and close 60
times per second, Adjustment of the 25K control
permits adjustment of the duty cycle of the load
current switching and reduction in jitter of the os-
cilloscope displav.,

5-28 To check the load transient recovery time,
proceed as follows:
a, Connsct test setup shown in Figure 5-5,
b, Turn VOLTAGE control fully clockwise,
c. Bet meter switch to AMPS and range
switch to highest current range, :
d. Adjust CURRENT control until front panel
meter indicates exactly the maximum rated output
current.

e, Close line swiich on repetitive load
switch setup.

f. Adjust 25K potentiometer until a stable

display is ¢btained on oscilloscope, Waveform
should be within the tolerances shown in Figure
5-6. Output should return to within £10mV {(Model
6177C) or £25mV {Model 6181C) of nominal value
in legs than 800 microseconds. '
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5-29 PROGRAMMING SPEED
Definition: The time (msecs) required
for the output current to change from
zero amps to within "X" milliamps of
the maximum rated output, or from
maximum rated output io within R
milliamps of zera. "X is generally
of the same order as the icad regula-
tion specification, )

5-30 To check the constant current remots pro=
gramming speed, proceed as follows:

a. Connect test setup shown in Figure 5-7.

b. Turn YOLTAGE control fully clockwise,

c. Set meter switch to AMPS and range
switch to highest current range.

d. Adjust CURRENT control until front panetl
meter indicates exactly the maximum rated output
currernt.

e, Close line swiich for mercury wetted
relay and observe waveform on oscilloscope, Rise
time indicates up-programming speed and decay
time indicates down~programming speead.

f. The programming speed should be within
the tolerances of Figure 5~8, Output should go
from zero to 99 Volts {Model 6177C) or from zero to
49, 5 Volts (Model 6181C), Fall time {down pro-
gramming) should be almost identical to the rise
time shown on Figure 5-8 except for inversion.
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5 MERCURY RELAY (CLARE TYPE HGP 1002 OR W.E 2768)
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Figure 5-7. Programming Speed, Test Setup
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5-3] QUTPUT STABILITY
Definition: The change in output cur—
rent for the first 8 hours following a
1-hour warm-up period. During.
the interval of measurement all param-~
eters such as load resistance, amblent
temperature, and input line veltage are
held constant,

5-32 The stability of the supply in constant cur-
rent operation must be measured while holding the
temperature of the power supply and the external
current sampling resistor {Rg)} as constant as pos-
eible. A thermomester should be placed near the
supply to verify that the ambient temperature re-

_ mains constant during the measurement period.

The supply should be located away from stray air
currents; if possible, in an oven which is held at
a, constant temperature, Variations of the voliage
across the current sampling resistor over the spec-
ified 8 hour interval are measured on the digital or
differential voltmeter and may be recorded on a

. strip chart recorder, Since such voltage measure-

ments are generally being made ata rather low
level, it is important to check that the gtability of
the measuring instruments is adequate to insure an
accurate check on the power supply performance.

5.33 To check the output stability, proceed as
follows: ST

a, Connect test setup shown in Figure 5=3.

b, Turn VOLTAGE control fully clockwisge,

o. Set range switches to desired current
range and + lead of differential voitmeter to appli-
cable sampling resistor (Rgy. Rgg or Rgal.

d. Set METER switch to AMPS and adjust
CURRENT control to obtain rated output current,

e. Allew ong hour warm-up then record dif-
ferential voltmeter indication.

£, After 8 hours, differential voltmetear
reading should net ¢hange by more than 125uVde




(6177C) or 313uVdc (6181C), in any output current
range.

5-34 TEMPERATURE COEFFICIENT
Definition: The change in oufput cur-
rent per degree Centigrade change in
the ambiant iemperature under condi-
tions of constant input ac line volt-
age, output current setting, and load
resistance,

5-35 The temperature coefficient of the supply is
measured by placing the supply in an oven and
varying it over any temperature span within the
yating, The current sampling resistor{s), Rg,
should not be placed in the overn, but must be held
at a constant temperature while this measurement
ig made.

5-36 The differential voltmeter used to measure
the output current change of the supply should be
placed outside the oven and should have a long
term stability adeguate to insure that its drift will
not affect the overall measurement accuracy.

5-.37 To check the temperature coefficient, pro-
ceed as follows:

a., Connect test setup shown in Figure 5-3,

b. Turn VOLTAGE control clockwise.

c. Setrange switches to desgired current
range and connect + lead of differential voltmeter
1o applicable sampling resistance {Rg1. Rgp or
Rgal.

4. Set METER switch to AMPS and adjust
CURRENT control for rated output.

e. Insert supply into temperature~controlied
oven {voitmeter and load resistances remain ouiside
oven). Set temperature to 30°C and allow one hour
warm-up,

£, Record differential voltmeter indication.

g, Raise oven temperature to 409C and allow
one hour warm-up,

h. Differential voltmeter indication should
change by less than 800uvde (6177C) or ZmVde
(6181C), in any output curreni range.

5-38 TROUBLESHOOTING

5-39 BRefore attempting to troubleshoot thig instru-
ment, ensure that the fault is with the instrument
and not with anassociated circuit. The performance
test (Paragraph 5-5) enables this to be determined
without having tc remove the instrument from the
cabinet.

5-44 A good understanding of principles of opera~
tion is a helpful aid in troubleshooting, and it is
racommended that the reader review Section IV of
the manual before attempting to troubleshoot the
unit in detail. Once the principles of operation are

5-8

understood, refer to the initial troubleshooting pro-
cedures in Paragraph 5-43 to locate the symptom
and probable cause.

5-41 Section VII of this manual contains a circuit
schematic fwhich applies to both power supply
models) and some component location diagrams.
Test points on the schematic identified by circled
numbers are also indicated on the component lo-
cation diagrams.

5-42 If a defective component is located, replace
it and reconduct the performance test. After the
supply is functioning, referto Table 5-4 to deter-
mine if calibration adjustments are required.

5-43 INITIAL TROUBLESHOOTING PROCEDURES

544 To locate the cause of troubls, perform the
following steps in seguence.

a, Check for obvious iroubles such as an
open fuge, a defective power cord, a missing out-
put terminal strap, an smproperly positioned line
voltage switch, or a defective meter. Cutput ter-
minal Al should be strapped to A2 and A5 should
he strapped to A6. Do not overlook the de fuse
inside the cabinet. Remove the top and bottom
covers and inspect for charred components, open
connections, etc. If the trouble source cannot
be datected visuallv, proceed to step ).

NOTE

‘While troubleshooting this instrument,
keep in mind that the front panel milli~
ammeter does not indicate output current
directly, but instead provides a reading
proportional to the outpul voltage of the
guard supply. Ordinarily this voltage is-
proportional to the output current but this
eannot be depended on if the instrument
is in need of repair. If the front panel
milliammeter responds appropriately when
the current conirol is adjusted, the guard
supply is functioning. Use an external
milliammeter in series with the output

to monitor the output current directly
while troubleshooting to avoid misinter-
preting trouble symptoms.

: CAUTION

The RANGE switch must be set for the
highest current range at all times while
troubleshooting this instrument. Switch-
ing to a lower range may cause the de-
struction of current sampling resistors
RZ or R3.




b. Frequently a fault in the reference supply
can be misinterpreted as a fault in another circuits
For this reagon the reference supply voltages should
be checked before attempting to sroubleshoot the
remainder of the supply's circuits. Measure the
voltages in Table 5-2 and cheek the listed com~
ponents if any voltages are incorrect. if these
componants are not at fault, check the circuits
that load the reference supply's defective outﬁut.
(Many possiblé component failures can affect the
voltage of the -16. 2V supply. Part of the current
that normally flows through VR6 must pass through
the bleed current path described in paragraph 4-12.
Since thig current path includes the series regula-
tor and driver transistors, any fault that cuts off
the geries regulators will affect this voltage. This
is particularly noticeable in the 6181C, where any
fault that prevents the series regulators from con-
ducting will reduce the voltage of the -16. 2V out~
put to about -10 volts. ) If the reference supply
voltages are normal or if no output current can be
obtained from the power supply and the voltage of
the .~16. 2V reference supply is at least 9 volts,
proceed to step (¢). The low output of the =16, 2V
reference will probably be comrected with the guard

Table 5-2.

{Refer to Figure 7-4 Component Location

supply, main loop, or voliage 1imit fault that may
be causing it.

o. Check whether any of the trouble symptons
listed in Table 5-3 are applicable. I so, follow
the instructions provided. If Table 5-3 is not
helpful, proceed to step (d).

4. Figure 5-9 is an overall trouble isolation
procedure that briefiy checks the supply's opera-
tion and helps to determine which of three general
circuit areas is at-fault. These areas are the
guard supply, the main feedback loop (which in-
cludes the constant current comparator, the turn-
on/turn-off control, the driver, and the geries
regulator), and the voltage limit circuits {including
the isolation diodes, the voltage limit programming
current soutce, and the bileed circuit). Because
of the many possible interactions among these
three circuit areasg, it is common for a fauit in one
of them to hamper attempts to troubleshoot another.
Follow the steps of Figure 5-8 exactly as given
to igolate these circuits from each other. Figure
E-9 directs the reader to Figures 5-10, 5-11, and
5-.17 as necessary to iroubleshoot the three circuil
areas in detail. Follow &ll steps in the order they
are given.

Reference Supply Voltages

Diagram for Test Point Locations}

METER METER NORMAL NCRMAL PROBABLE CAUSE
COMMON POSITIVE VOLTAGE RIPPLE OF TROUBLE
W ©) +12, 4V 5% 1mv VRS, Q11-Q15, C3,
C19 CR5-CR8
o/ @ +6. 2V £5% 100V VRS
¢/ ® +5, 6V %5% Y yR12, CRLC, C35
@ &/ 16,2V £5% 2mV VR6, Cl (Also see
paragraph 44Db)
Table 3-3. Miscellaneous Troubles

(A1l components are on A2 Main Board Unless Indicated)

SYMPTOM

PROBABLE CAUSE

Output current surge at turn-on of turn-off

Shorted Q31 or open Q32

Output current is limited to iess than
rated maximum, but supply is not in volf-
age limit. (Measure actual output current;
gee note in paragraph 5-44).

a. Shorted CR13, VR4
b. 8horted VR4, VRIS

Mintmum voltage limit is between 0.5
volts and 3 volts.

Shorted CR35, CR36, CR47, or CR48

5-3



Table 5-3,

Miscellaneous Troubles {Continued)

BYMPTOM

PROBABLE CAUSE

Voltage limit light will not operate at low outpuf

current levels

Shorted isolation diode CR40

LIMIT light not functioning, though output cur- Voltage limit light circuit defective. Check U3
rent and voltage limit circuits are normal. and Q8.
. Poor Line Regulation a. Improper measurement fechnique. Refer to

paragraph 5-15.
Defect in reference supply. Refer to Table
5-2.

b.

Poor Load Regulation

a. Improper measurement technigue. Refer to

paragraph 5-13.

Defect in reference supply.

5-2,

c. The guard supply can be eliminated as a
source of frouble by opening jumper J4 and
applying a stable external voliage between

? and the base of Q19B. Usea Dto
-1V source in the 6177C or a 0 to ~2.5V
source in the 6181C.

d. Dirt on printed circuit beard.

2. Internal or external leakage path between
positive and negative output terminals.

Refer to Table

High Ripple

a. Improper measurement technique. Refer to
paragraph 5-17.
b. Defective filter capacitor or rectifier on Al

board
¢. - Ripple in a reference supply output,
Table 5~2.

See

Oscillation

a. Defective capacitor or operational amplifier
in guard supply or constant current compar-
ator. As the source of ogcillation may be
difficult to isolate to one of these areas,
the guard supply can be eliminated as de-
scribed above in (c) under “poor load regu-~
lation" and disabled by shorting TP22 to
TP31.

b. Check C31, C32, G533

Output current or voltage limit not controllable

Guard supply, main feedback loop, or voliage
limit circuit defective. Proceed to paragraph
5-444d.

510




CONNECT A MILLAMMETER
FROM {+0UT) 70 {-QUT Y,
TURN VOLTAGE CONTROL 70
MAX . {CW), SELECT HIGHEST
CURRENT RANGE, AND TURN
UNITON BY SETTING 1 T0
AMPS. VARY THE CURRENT
CONTROL, WHILE OBSERVING
THE FRONT PANEL METER
INCHCATION.

QES
INDICATION
VARY FROM ZERG

RO

ISCLATION

CHECK GUARD SUPPLY OUT-
PUT (@ TO +METER)
WITH AN EXTERNAL VOLT-

JO ABOUR 110% FULL
CURRENT ?

{F THE MAIN LOOP WAS DIS-
ABLED FOR GUARD SUPPLY
TROUBLESHOOTING, REMOVE
THE SHORT FROM TPI8 TO
G/ AND RECONNECT CRIO.

VARY THE GURRENT CON-
TROL WHILE OBSERVING EX-
TERNAL QUTPUY CURRENT
METER INBHCATION.

DOES
EXTERNAL
METER INDICATE
O 10 ABQUT HIO% FULL
CURRENT 7

NO

VARY THE CURRENT.CON~
vES TROL WHILE OBSERVING
THE VOLTAGE FROM @

TO +0UT

RECONNECT CRAO if IT WAS [MS-
CONNECTED FOR MAIN LOOP
TROUBLESHOOTING

DISCONNECT MILLIAMMETER
FROM OUTPUT. SELECT
VOLTS, SET CURRENT CON-
TROL TO MAXIMUM (CW),
OBSERVE VOLTAGE FROM
{+0UT) TO (-OUT) AND
VARY VOLTAGE CONTROL.
OBSERVE PANEL. AND EX-
TERNAL METER INDICATIONS |

0o
BOTH
METERS INDICATE

PIMETER WHILE VARYING
CURRENT CONTROL

DOES
OLT. VARY
FROM O TO -1V NGO
{6177C) OR O TO -25Y,
(GIBICY?

YES

CHECK SUPPLY 'S METER
CIRCUIT

PROCEED TO MAIN LOOP
TROUBLESHOOTING FIG.5-1f

OR <05V TO ABOUT
HOV BI8Ic) 7

CHECK SUPPLY'S METER
CIRCUIT

PROCEED TO GUARD SUPPLY
[ TROUBLESHOOTING FIG. 5-10.

PROCEED TO VOLTAGE
LEMIT TROUBLESHOCTING,
Fis. §-12.

Figurs 5-8,

Trouble Isolation Procedure




DISABLE THE MAIN LOOP BY
LIFTING ONE END OF CR3O
AND SHORTING TPIB TO

v

bl h 4
CHECK CR38 FOR SHORT
IF OK, CHECK THE VOLT~
AGE ACROSS R60

GUARD SUFPLY

BETWEEN {V AND
2.4v?

CHECK GQ22, VRIO

REMOVE POWER DIS-
CONNECT STRAP BE -
TWEEN Al AND A2 VARY
CURRENT CONTROL AND
CHECK RESISTANCE OF
R40Q BETWEEN AQ AND
AZ

LEAVE Al/A2 DISCON-
NECTED. CHECK VOLT~
AGE FROM V TO BASE
COF Qi8A

18

VOLTAGE
ABOUT +0.8V?

P CHECK CRIG,CRIG, R3S

CHECK VOLTAGE FROM
TR3t TQ TP2%

1S

VOLTAGE
ABOUT -08V?

) CHECK G 18, CRIT, CRIB,

146

CHECK VOLTAGE FROM

N 70 AC

0 A

Ly

1]
VOLTAGE
ABOUT -4.3v?

4 CHECK VR3. REPLACE U2

SHORT QI8A BASE-TCO~
EMITTER AND CHECK
VOLTAGE FROM TPEI TO
s

1S
VOLTAGE
ABQUT +0.8V7?

CHECK QI8,CRI7,CRIg,
R4E

SHORT QiBA BASE - TO-
EMITTER AND CHECK
VOLTAGE FROM W
10 A

is
VOLTAGE
ABOUT +06V?

CHECK VR3, REPLACE U2

REGONNECT A{/A2
STRAP. RETURN TQ THE
BEGINNING OF FIG.5-9
TO VERIFY PROPER
OPERATION

Figure 5-10.

Guard Supply Troubleshooting




: EAVE MILLIAMMETER CON-
NECTED ACROSS QUTPUT ANDR
LIFT OWE END OF CRAO TO
SISABLE THE VOLTABE LIMIT
CIRCUHT,

5 Rl

¥
LiFT ONE END OF CR30 AND
CHECK CR30. IF OK, LEAVE
DISCONNECTED AN JONNECT
AZ0K{L POT FROM TPIB TO
 DHSERVE QUTPUT ML -
AMETER CURRENT WHILE
LY INCREASING RESIS-
TARCE OF POT FROM MiN. D0
NOT ALLOW QUTPHT CURRENT

TO REMAN Al i

‘RATED MAX,

CUR VARY
FROM ZERD TO

MAN LO0P

ABCUT Q% RATED
NAXIRUN ?

SET THE £ XTERNAL POT FOR
AN QUTPUT MLLIAMMETER
READING OF ABOUT 50%
RATED CURRENT. VARY THE
FRONT PANEL CURRERT CON~
TROL WHILE CBSERVING THE
W0LTAGE FROM TP33 T0 TP34.

NG

¥
DISCONNECT EXTERNAL
TEST POT AND CHEDK CR24,
CR36,CR36,0R47, CR4S,
CRAY FORGPEN AND R
AND CR34 FOR SHORT, iF
OK, CHECK VOLTASE
ACROSS ’72

&3
VOLTAGE

CHECK VOLTAGE FROM /10
TPYLUSE A METER WITH A

BETWEER 5V AND
8.5v7

CHECK THE YOLTAGE

TERVE EXTERNAL POT SET AS
BEFORE. VARY THE FRONY
PANEL CURRENT CONTROL
WHILE OBSERYING THE VOLT-
AGE FROM Q23 EMITTER 1
Q24 EMITTER, |

DOES
YOLTAGE
VARY FROM +0.6V
TG ~G.8V 7

CHECK 023,024, CRET,CR8 |

[EAVE EXTERNAL POT SEY
AS BEFORE. VARY THE FRO!
PANEL CURRENT CONTROL

Ol
VARY FROM +43V
£i0% TO ABGUT

CHECK CRU3, VA4, REPLACE Ut

TISCONNECT EXTERN TEST
POT, RECONNECT CRIO, AND
RETURN 10 THE BEGINNING
OF £16. 59 YO VERIFY
SROPER OPERATION

ACROSS RS2

HIGH INPUT IMPEDANCE]

ts

L 3
CHECK VOLTAGE ACROSS
15 REB.

I CHECK (032 AND (34

VOLTAGE
ABOHT F12Y

VOLTAGE
BETWEEN 1V AND
2P

CHECK 019, CR25, CR26, CRET,|
CR2, CR38, RS0, 023,424

g
VOELTAGE
GREATER THAN
IERONOLTS?

REMOVE POWER UNPLUG
HEATSINK CABLE ANB USE
OHMMETER G TRANSISTOR
TESTER TO CHECK $25,429
AND (30 ONHEATSINK,
{SEE 1LLLSTRATION BELOW
FOR PIN CONRETTIONS }

E

¥,
1F 425, G29, AND Q30 ARE
NOT FAULTY, CHECK Q26,
(27,628 AND CR3

RECONNECT CR3D AND RE-
TURN TO THE BEGINNING
OF FIG. §~9 T VERIFY
PROPER OPERATION.

CHEK VR14, VRIE

CHECK Q31 AND CR3Z

HEATSINK
WHT/BLI/ VIO |

|

| |
WHT/BLI/RED | 0% :
i 929 }
WHTALR/BLU | [ |
: %51/ N/
WHT/%LK!ORN‘; wa| |
WHT/BLK/YEL | ;
ot e v e e e o s -

Figure 5-11.

Main Loop Troubleshooting




CHECK VR4 AND VRIS, IF
OK, SHORT {+0UT) TO {~0UT
AND OBSERVE VOLTAGE
ACROSS C6 WHILE VARYING
THE VOLTAGE CONTROL,.

VOLTAGE LIMIT

CHECK CR40, CR4E FOR

| OPEN

LIFT ONE END OF R2t, OB~
SERVE VOLTAGE FROM A4
TO AS WHILE VARING VOLT-
AGE QONTROL.,

10
01T VAR
FROM O 7O 55Y
(6177C) OR O TO 11OV
(618IC) 7

LEAVE REI DISCONNECTED
AND CHECK VOLTAGE
ACROSS CB

CHECK 92, VRZ, RA1, R4
| vRE, 67

CHECK CR40 AND CR4! FOR
SHORT. IF OK, MOMENTARILY’
SHORT Q6 BASE-TO~EMIT~
TER AND CHECK VOLIAGE
ACROQSS C6

CHECK 04, G5,CR46

OPEN JUMPER RIS AND CHECK
VOLTAGE ACROSS C6

CHECK 08,6, R82,
VR7

DOES
VOLTAGE DE-
CREASE TO LESS YES
THAN 2Vv0OLTs?

NO

MOMENTARILY SHORT Q6
BASE-TO- EMITTER AND
CHECK VOLTAGE ACROSS RO

IS

VOLTAGE
ABOUT

BVOLTS ?

CHECK Qi, VRI, R23

CHECK Q4,45,CR42,
CRra4 -

CHECK €2 AND Q6. TO 150~
LATE Q6 FOR TESTING, RE-
MOVE POWER AND UNPLUG

HEATSINK CABLE FROM BD.

Figure 5-12.

Voltage Limit Troubleshooting




Table 5-4. Adjustments Required Following Component Replacement

COMPONENT ADJUSTMENT
REPLACED ADTUSTMENT REQUIRED ADJUSY PARAGRAPH
YRZ or REL Voltage limit programming accuracy R6
{select value) 5«54
Q18 o Guard amplifier zero R46 5-57
Q19 Cutput current zero R56 5-53
VRS Output current programming accuracy R35
{select value) 561

5-45 ADJUSTMENT AND CALIBRATION

S~46 Adjustment and callbration may be required
after performance testing, troubleshooting, or re=-
pair and replacement. If more than one adjustment
must be performed, the sequence of adjustments
presented in the following paragraphs should be
followed. )

5-47 METER ZERO

5-48 Proceed as follows to mechanically zero the
meter:

a. Turn off instrument (after it has reached
normal operating temperature) and allow 30 seconds
for all capacitors to discharge.

b. Insert sharp pointed object {pen point or
awl) into-the small indentation near top of round
black plastic disc located directly below meter
face.

¢, Rotate plastic disc clockwise (cw) unti]l
meter reads zero, then rotate cocw slightly in order
to free adjustment screw from meter suspension. If
pointer moves, repeat steps (b) and (c).

5-49 AMMETER TRACKING

5-58 The ammeter circuit is adjusted fo within
=2%, (for full scale readings) at the factory and
normally does not require adjustment unless a
component in the meter circuit is replaced.

5-51 To calibrate the ammeter, proceed as follows:

a. Replace any meter gircuit iumpers {1 or 2;
see schematic) that have been removed previously,
at the factory.

b. Connect test setup of Figure 5-3 (external
range switch and medium-low range load resistors
can be eliminated, if desired).

¢, Turn VOLTAGE control fully clockwise, set
range switch to highest current range, and connect
+lead of differential voltmeter to Rg. '

d. Set meter switch to AMPS and adjust CUR~
RENT control until front panel meter reads exactly
the maximum rated output current.

e, Observe reading on differential voltmeter.
If it is between 0. 981 and 1. 019Vde (Model 6177C)
or 2.452 and 2.548Vde (Model 6181C) leave jumpers
1 and 2 connected and operate normally.

f. If differential voltmeter reading is between
0. 941 and 0, 981Vde {(Model 6177C) or 2. 345 and
2. 482vde {Model 6181C) remove jumper number
1 {across R89). Reading shouid now be within nor-
mal limits of step {e).

g. If differential voltmeter reading is be~
tween 0. 905 and 8. 941vde (Model 4177C) or
2,252 and 2. 345Vdc (Model 6181C) remove jumper
number 2 (across R90). Reading should now be
within normal limits of step (e).

h. If differential voltmeter reading is be-
tween 0, 865 and 0, 905Vde {Model 6177C or 2,145
and 2. 252Vdc {(Medel 6181C) remove jumpers num-
ber one and number two (across R8% and R90).
Reading should now be within normal limits of step

{e}.
5-52 VOLTMETER TRACKING

5-53 The wvoltmeter is calibrated at the factory,
using jumper number 3, and normally doesg not re-
guire adjustment unless the meter ig replaced. To
calibrate the voltmeter, procead as follows:

a. Replace jumper number 3 (across
RB7} if it was previously removed at the
factory.

b. Connect tegt setup of Figure 5~3,
axcept connect differential volimeter between
- and guard (A0) terminals,

c. Turn CURRENT control fully clockwise
and set meter gwitch to VOLTS.

d. -Adjust VOLTAGE confrol until front panel
voitmeter reads exactly the maximum rated out—
put voliage.

e. If differential voltmeter reading is above



49vVdce (Model 6177C) or 88, 1Vde {Model 6181C)
leave jumper number 3 connected and operate nor-
mally. If voltmeter reading is below the above
indications, remove jumper number 3, Differential
voltmeter indication should now be above the afore-~
mantioned reading.

5-54 VOLTAGE LIMIT PROGRAMMING ACCURACY
AND MAXIMUM OUTPUT VOLTAGE

5-55 This procedure adjusis the voltage limit pro-
gramming current to within 20% of 1. 15ma (Model
6177C) or 2. 3mh {Model 6181C). It allows the
unit to provide 118% of the maximum rated output
voltage despite a 20% registance tolerance of the
front panel VOLTAGE control.  This adjustment is
necegsary only if the VOLTAGE control (R81) ig
replaced or it can he done as an accuracy check
before remote resistance programming of the volt-
age limit.

5-56 To adjust the programming current, proceed
as follows:

a. Turn CURRENT and VOLTAGE controls fully
clockwise.

b. Connect differential voltmeter across out-
put terminals of supply {positive output terminal
grounded).

c. Connect decade resistance box in place
of Ré6.

d. Turn on supply and set meter switch to
VOLTS, Adjust decade resistance until differential
voltmeter reads 110% of the maximum rated output
voltage.

e. Replace decade resigtance with appropri-
ate value resistance in Ré position.

5-57 GUARD AMPLIFIER ZERO

5-58 This adjustment minimizes the offset between
the bases of the guard input amplifier, Q18. The

offset should be checked and adjusted, if necessary,

whenever Q18 is replaced. Proceed ag follows to

perform this adjustment:

a. Connect differential voltmeter between
rear terminalg Al and A3,

b. Turn VOLTAGE control fully clockwise,

¢c. At any output current, adjust R46 to oh-
tain a 0 £200uVde reading on differential voltmeter.

5~58 OQUTPUT CURRENT ZERO

5-60 To adjust for zero output cuwrrent, proceed

ag followsg:

a. Connect test setup of Figure 5-3.

b. Set range switches to highest current’
range and connect + lead of differential volimeter
to Rgy.

¢, Set meter gwitch to AMPS and turn CUR-
RENT control fully cow (minimum).

d, Adjust R56 to obtain reading on differen-
tial voltmetar between 0 and -200uVde (Model
6177C} or between 0 and =-500:Vde (Model 6181C),

5-61 CONSTANT CURRENT REMOTE PROGRAMMING
ACCURACY

. 5-62 This procedure adjusts the constant current

programming current within the supply. The pro-
gramming current is factory set to within 1% and
should not need adjustment thereafter unless a
sampling resistor or reference supply Zener diode
{VRE, VRG) is replaced, The programming acouracy
can also be checked and adjusted, if required, be-
fore remote resistance programming of the unit.

NOTE

To obtain an accurate adjustment, al-
ways zero the output current {refer to
precading paragraph) before making this
adjustment.

5-62 To adjust the congtant current programming
accuracy, proceed as follows:

a. Connect test setup of Figure 5-3,

h, Turn VOLTAGE control fully clockwise.

c. Set both range switches to highest cur-
rent range and connect + lead of differential volt~
meter 1o R 1+

d. With supply off, unsirap terminals A1 and
A2 and connect precision programming resistor
between terminals AC and Al. Resistor value is
2%~ (Model 6177C) or 5Kn {(Madel 6181C); toler-
ance must be . 1% minimum.

e. Connect decade resistance box in R35
position.

f. Set meter switch to AMPS and adjust de-
cade box to obtain a reading of 1 =0, 01Vdc {(Model
6177C) or 2.5 £0. 025Vde {(Model 6181C) on differ—
ential voltmeter.

g. Turn off gsupply and replace decade
box with appropriate value resistor in R35
position.



SECTION Vi
REPLACEABLE PARTS

6-1 iNTRODUC;I'I_ON

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

a. Reference Designators, Refer io Table 6-1.

b, Description. Refer to Table 6-2 for ab-
breviations,

c. Tetal Quantity (TQ). Given anly the first
time the part number is listed except in instruments
containing many sub-modular as semblies, in which
case the TQ appears the first iime the part number
ig listed in each assembly.

d. Manufacturer's Part Number or Type.

e. Manufacturer's Federal Supply Code Num-
ber. Refer to Table 6-3 for manufaciurer's name and
address.

f. Hewlett—-Packard Part Number.

g. Recommended Spare Parts Quantity (RS}
for complete maintenance of one instrument during
one vear of isclated service.

h. Parts not ideniified by a reference desig-
nator are listed at the end of Table 6-4 under Me-
chanical and/or Miscellanecus, The former consists
of parts belonging to and grouped by individual as~-
semblies: the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or
inguiry to vour local Hewleti~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 Cption or
special modification () numbers of the instrumsant;
Hewlett-Packard part number; circuit reference des-
ignator; and description, To order a part not listaed
in Table 6~4, give a complete description of the

part, its function, and its location.
Table 6-1, Reference Designators
A = assembly E = miscellansous
B = blower {fan) electronic part
C = capacitor ¥ = fugs
oB = circuit breaker {7 = jack, jumper
CR = diode K~ = relay
8 = device, signal-|{ L = inductor
ing (lamp) M = meter

6-1

Table 6-1. Reference Designators (Continued)

P = plug v . vacuum tube,

Q = transistor neon bulb,

R = rggistor photocell, ate,

3 = switch VR = zener diode

T = transiormer X = gocket

TB = terminal block Z integrated cir-

TS = thermal swiich cuit or network

Table 6-2. Description Abbreviations

A = ampere mir = manufacturer

ac = aliternating mod, modular or
current modified

assy, = agsembly mig mounting

bd = board n nano = 1079

bkt = bracket NC = normally closed

oC = degree NC = normatily open
Centigrade NP nicke l-plated

ad = card A = ghm

coef = coefficient obd = order by

comp = composition description

CRT = cathode-ray oD outside
tube diameter

CT = center~tapped o) pico = 19712

de = diregt current P, C. = printed circuit

DPDT = double pole, pot. = potentiometer
double throw [shats! peak~to-peak

DPST = doubls pole, ppm parts per
single throw million

elect = electrolytic nvr peak reverse

encap = encapsulated voltage

F = farad rect rectifier

oF = degree ms root mean
Farenheit square

fxd = fixed Si silicon

Ge = germanium SPDT = single pole,

H = Henry double throw

Hz = Hertz SPST single pole,

1C = integrated single throw
circuit 35 = small signal

D = ingide diameter| T = slow=biow

ingcnd = incandescent tan, tantulum

k = kilo = 103 Ti titanium

W = milli = 10-3 vV = volt

M = mega = 106 var = variable

o) = micro = 1076 WW wirewound

met, = metal W = Watt




Table 6-3, Code List of Manufacturers

CODE

NO, MANUFACTURER ADDRESS
00628 | EBY Sales Co. ., Inc, Jamaica, N.Y.
00656 |Aerovox Corp, New Bedford, Mass.
00853 | Sangamo Electric Co.

01121
01255

01281

01295

01686
01830
02107
02114
02606

102660

02735

03508

03797
03877

03888

04009

04072
04213

04404
04713
05277
05347
05320
06601
06004
06486
06540
08555
06666
06751

06776
06812

07137

m;}_llen Bradlev Co,

S. Carolina Div, Picksns, §,C.
Miilwaukee, Wis,
Litton Industries, Inc,
Beverly Hills, Calif,
TRW Semiconductors, Inc,
Lawndale, Calif,
Texas Instruments, Inc.
Semiconductor-Components Div,
Dallas, Texas
Manchester, N, H,
Rockford, Il
Dover, Chio
Saugerties, N.Y.
Fenwal Laboraiories Morton Grove, Iil
Amphenol Corp, Broadview, [l
Radio Corp. of America, Solid State
and Recelving Tube Div, Somerville, N.J.
G. E. Semiconductor Productis Dept.
Syracuse, N,V,
Compton, Calif,

RCL Electronics, Inc.
Amerock Corp.

Sparta Mig, Co,
Ferroxcube Corp.

Eldema Gormp,
Trangitron Electronic Corp.
Wakefield, Mass,
Pyrofilm Resistor Co. Inc.
Cedar Knoils, N.J.
Arrow, Hart and Hegeman Electric Co,
Hartford, Conn.
ADC Electronics, Inc. Harbor City, Calif,
Caddell & Burmnsg Mig, Co, Inc.
i Mineola, N.Y.
*Hewlett~Packard Co. Palo Alto Div,
Palo Alto, Calif,
Motorcla Semiconductor Prod. Inc,
Phoenix, Arizona
Westinghouse Dlectric Corp,
Sewmiconductor Dept, Youngwood, Pa,
Ultronix, Inc, Grand Junction, Colo.
Wakefield Engr, Inc. Wakefield, Mass,
General Elect, Co, Blectronic
Capaclitor & Batiery Dept. Irmo, S.C.
Baggik Div. Stewart-Warner Corp,
Bridgeport, Conn.
IRC Div, of TRW Inc.
Semiconductor Plant Iynn, Mass,
Amatom Electronic Hardware Co. Inc.
New Rochelle, N.Y.
Beade Electrical Insirument Co. '
Penacook, N. H.
General Devices Co. Inc,
Indidnapolis, Ind,
semcor Div., Compeonents, Inc,
Phoenix, Arizona
Robinson Nugen:, Inc. New Albany, Ind,
Torrington Mig., Co., West Div.
Van Nuys, Calif,
Transistor Electronics Corp.
Minngapolis, Minn,

CQODE
NO. MANUFACTURER ADDRESS
07138 | Westinghouse Electric Corp,
Elecironic Tube Div, Elmira, N.Y,
07263 | Fairchild Camera and Instrument
Corp, Semiconductor Div,
Mountain View, Calif,
07387 | Birtcher Corp., The Los Angeles, Calif,
07387 | Sylvania Electric Prod. Inc.
Svivania Elecironic Systems
Weasgtern Div, Mountain View, Calif,
07716 | IRC Div, of TRW Inc. Burlington Plant
Burlington, Iowa
07410 | Continental Device Corp. ’
Hawthorne, Calif,
07623 | Ravtheon Co. Components Div,
Semiconducior Operation
Mountain View, Calif,
08484 | Breeze Corporations, e, Union, N.J.
08530 | Reliance Mica Corp. Brooklyn, N,Y.
38717 | sloan Company, The Sun Valley, Calif,
08730 | Vemaline Products Co. Ine. Wyckoff, N.T.
08806 | General Elect, Co. Minia-
ture Lamp Dept, {Cleveland, Chio
08863 | Nylomatic Corp. Nomisville, Pa,
08919 § RCH Supply Co. Vernen, Calif,
09021 | Airco Speer Elactronic Components
Bradford, Pa,
09187 | *Hewlett~Packard Co., New Jersey Div,
Rockaway, N.T.
39213 } General Elect, Co. Semiconductor
Prod. Dept, Buffale, N. Y.
05214 } General Elect, Co. Semiconductor
Prod, Dept. Auburn, N.Y,
08353 {C & K Components Inc, Newton, Mass,
09922 {Burmdy Corp, Norwalk, Conn,
11115 § Wagner Electiric Corp,
Tang-Sot Div, . Bioomfield, N.J.
11236 } CT8 of Beme, Inc, Berne, Ind,
11237 | Caicago Telephone of Cal. Inc. ’
So, Pasadena, Calif,
11502 IIRC Div, of TRW Ine., Boone Plant
Boone, N.C,
11711 | General Instrument Corp
Rectifier Div, Newark, N.T.
12136 | Philadelphia Handle Co. Inc.
Camden, N.7T.
12615 (U, S, Terminals, Inc. Cinclnnati, Chio
12617 {Hamlin Inc. Lake Mills, Wisconsin
12687 {Clarostat Mig, Co. Inc, Dover, N, H,
13103 §jThermalloy Co. Dallas, Texas
14493 | *Hewlett~Packard Co, Loveland Div,
Loveland, Colo,
14655 | Comell~Dubilier Electronics Div,
Federal Pacific Electric Co.
_ Newark, N.J.
14936 |General Instrument Corp, Semicon~-
ductor Prod, Group Higksville, N.Y.
15801 |Fenwal Blect, Framingham, Mass.
16289 jCorning Glass Works, Electronic

Components Div, Raleigh, N.C,

*TTge Code 28480 assigned to Hewlett-Packard Co., Palo Alto, California




Table 6~3.
CODE .
NG, MANUFACTURER ADDRESS
16758 | Delco Radio Div, of Gensral Motors Corp.
Rokomo, Ind.
17545 | Atlantic Semiconductors, Inc.
Agbury Park, \T.!I.
17803 | Fairchitd Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
17870 | Daven Div. Thomas A, Edison Industries
McGraw-Edison Co, Orange, N.L
18324 | Signetics Corp, Sunnyvale, Calif,
19315 | Bendix Corp. The Navigation and
Control Div, Teterbore, N,I.
19701 | Flectra/Midland Corp,
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp. .
No. Chicago, I1L,
22229 1 Union Carbide Corp, Electrenics Div.

' Mountain View, Callf,
22753 | UID Electronics Corp. Hollywood, Fla.
23936 | Pamotor, Inc. Pampa, Texas
24446 | General Electric Co, Schenectady, N, Y,

24455

24655
24681

26982
27014

28480
28520
28875

31514

31827
33173
35434
37942

42190
43334

44655
46384

47904
45956
55026

56289
58474
58849

58730
61637
63743

General Plectric Co, Lamp Div. of Con=-
gumer Prod, Group
Nela Park, Cleveland, Chioc
General Radic Co. West Concord, Mass.
LTV Electrosystems Inc Memcor/Com-
ponents Operations Huntington, Ind,
Dynacool Mig, o, Inc, Saugerties, N.Y,
National Semiconducior Cormp.
Santa Clara, Calif,
Palo Alte, Calif,
Kenilworth, N.J.

Hewiett-Packard Co.
Heyman Mig, Co.
IMC Magnetics Corp,
New Hampshire Div. Rochester, N.H.
SAE Advance Packaging, Inc.
: Santa Ana, Calif,
Ramona, Calif,
Owensbore, Ky.
Chicago, 1.

Budwig Mfg. Co.
G.E. Co. Tube Dept,
Lactrohm, Inc,
P, R, Mallory & Co. Inc.
Indianapolis, Ind,
Muter Ce, Chicago, Il
New Departure-Hyatt Bearings Div,
General Motors Corp. Sandusky, Ohioc
Ohmite Manufaciuring Co. Skokie, IilL
Penn Engr. and Mig, Corp,
Dovlesiown, Pa.

Polareid Corp, Cambridge, Mass,
Raytheon Co, Lexington, Mass,
Simpson Electric Co, Div, of American

Gage and Machine Co, Chicago, I1i,
Sprague Electric Co, North Adams, Mass,
Superior Electric Co, Bristol, Conn,
Svntron Div, of FMC Corp.

Homer Cliy, Pa.
Philadeiphia, Pa.

New York, M.Y,

Thomas and Betis Co,
Union Carbide Corp.
Ward Leonard Electric Co.

Mt. Vernon, N.Y.

*ise Code 71785 assigned to Cinch Mig, Co., Chicago, Iil,
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CODE
NO. MANUFACTURER ADDRESS
70563 | Amperite Co, Inc, Union City, N.JT.
70901 | Beemer Engrg, Co., Fort Washington, Pa.
70203 | Belden Corp. Chicago, Il
71218 | Bud Radio, Inc, Willoughby, Ohic
71279 | Cambridge Thermionic Corp.
Cambridge, Mass,
71400 ] Bussmann Mig, Div, of McGraw &
Edison Co, St, Leuis, Mo,
714501 CTS Corp. Elkhart, Ind.
71468 { I, T, T. Cannon Electric Inc.
) Los Angeles, Calif.
71590 | Glebe~Union inc. '
Ceniralab Div, Milwaukee, Wis,
71700 | General Cable Corp. Cornish
Wire Co, Div. Williamstown, Mass,
71707 | Coto Coil Co, Inc, Providence, R, I
71744 | Chicago Miniature Lamp -Works
- Chicage, Il
71785 | Cinch Mig, Co. and Howard
B. Jones Div. Chicago, Il
71984 | Dow Corning Corp, Midland, Migch,
72136 | Blectro Motive Mig., Co. Inc.
Willimantic, Conn,
72619 | Dialight Corp, Brocklyn, N,Y.
792699 | General Instrument Corp,  Newark, N.7J.
72765 | Drake Mfg. Co, Harwood Heights, I1l,
72862 | Elastic Stop Nut Div, of
Amerace Esna Corp. Union, N.J.
72982 | BErie Technological Products Inc, Erie, Pa,
73096 | Hart Mfg. Co. Hartfiord, Conn.
73138 | Beckman Insfruments Inc,
Helipot Div, Fullerton, Calif,
73168 | Fenwal, Inc, . Ashiand, Mass,
73283 | Hughes Aircraft Co. Electron
Dynamics Div, Torrance, Calif,
73445 | Amperex Electronic Corp,
: Hicksville, N.Y,
73506 | Bradley Semiconductor Corp,
New Haven, Conn,
73559 § Cariing Electric, Inc, Hartford, Conn,
73734 | Federal Screw Products, Inc,
Chicago, Ill.
74143 | Heinemann Eleciric Co, Trenton, N.J.
74545 | Hubbell Harvev Inc, Bridgeport, Conn,
74868 | Amphenol Corp. Amphenol RF Div,
Danbury, Conn,
74870 | E. F. Johnson Co, Waseca, Minn.
75042 { IRC Div. of TRW, Inc., Philadeiphia, Pa,
75183 { *Howard B, Jones Div, of Cinch
Mig, Corp. New York, N.Y.
75376 | Kurz and Kasch, Inc. Davton, Chio
75382 | Kilka Electric Corp, Mt., Vernon, N.Y.
75515 | Littlefuse, Inc. Des Plaines, Ill
76381 | Minnesoia Mining and Mfg. Co,
' 8t. Paul, Minn.
76385 | Minor Rubber Co. Inc. Biloomfield, N.J.
76487 |James Millen Mig, Co, Inc,
Malden, Mass,
76493 |1, W, Miiier Co. Compton, Calif,
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CODE
O, MANUFACTURER ADDRESS
76530 | Cinch City of Industry, Calif.
76854 | Oak Mig, Co, Div, of Oak
Electro/Netics Corp, Crystal Lake, Ili,
77068 | Bendix Corp. ., tlectrodynamics Biv, .
! Neo, Hollywood, Calif,
77122 | Palnut Co. Mountainside, N,T.
77147 | Patton-MacGuyer Co. Providence, R.L
77221 | Phapstron Instrument and Electronic Co.
Scuth Pasadena, Calif,
77252 ) Philadelphia Steel and Wire Corp.,
Philadelphia, Pa,
77342 | American Machine and Foundry Co,
Potter and Brumfield Div, Princetcn, Ind,
77630 | TRW Electronic Components Div,
Camden, N.J.
77764 | Resistance Productis Co. Harrisburg, Pa,
78189} Illincis Tool Works Inc, Shakeproof Div,
Elgin, Iil,
784521 Everlock Chicago, Inc, Chicago, I,
78488 ] Stackpole Carbon Co. 3tf, Marys, Pa.
78526 | Stanwyck Winding Div, San Fernando
Eiectric Mfg, Co. Inc. Newburgh, N.Y.
785531 Tinnerman Products, Inc. Cleveland, Ohio
785841 Stewart Stamping Corp., Yonkers, N.Y.
791361 Waldes Kohinoor, Inc., | LLC., NJY.
793071 Whitehead Metals Inc, New York, N.Y.
797271 Continenial-Wirt Electronics Corp.,
Philadelphia, Pa.
79963 | Zierick Mfyg, Co, Mt. Kisco, N.Y,
80031 | Mepco Div, of Sessiong Clock Co.
' Morristown, N.I.
882941 Bourns, Inc. Riverside, Calif,
810421 Howard Industries Div, of Msl Ind. Inc.
Racine, Wisc,
810731 Gravhill, Inc. La Grange, IlL
81483 | International Rectifier Corp.
El Sequndo, Calii.
81751 ) Columbus Electronics Corp. Yonkers, N.,Y/
82099 Goodvear Sundries & Mechanical Co. Inc.
New York, N, Y.
82142} Airco Speer Electronic Componeants
Du Bois, Pa,
822191 Sylvania BEleciric Preducis Inc,
Electronic Tube Div, Recelving
Tube Operations Emporium, Pa,
82389 Switcheraft, Inc. Chicage, L
82647 | Metals and Controls Inc., Control
Products Group Attleboro, Mass.
82866 Research Producis Corp. Madison, Wis,
82877 | Rotron Inc. Woodstock, N.Y.
82893 | Vector Electronic Co, Glendale, Calif,
83058 | Carr Fastener Co, Cambridge, Mass.
83186} Victory Engineering Corp.
Springfieid, N.J.
83288 Bendix Corp, Electric Power Div,
Eatontown, N.T.
833301 Herman H, Smith, Inc. Brooklyn, N.Y.
833851 Central Screw Co, Chicago, Iil,
83501t Gavitt Wire and Gable Div, of
Amerace Bsna Corp, Brookfield, Mass,

=9

CODE
NO,

MANUFACTURER

ADDRESS

83508
83594

83835
83877

84171
84411
B6684

36838
87034

87216
87585

87928
88140

88245

90634
50763
91345

91418
91506
91637
81662
91928

92825
93332

93410

94144

94154

84222
95263
95354
98712

95987
96791

97464
87702
88291
§8410
28978

99934

Grant Pulley and Hardware Co,

West Nyack, N.Y.

Burroughs Corp. Electronic

Components Div,
1J. S, Radium Corp.

Plainfield, N.J.
Morristown, N. 1.

Yardeny Laboratories, Inc,

Arco Elecironics, Inc.
TRW Capacitor Div,

New York, N.Y.
Great Neck, N.Y.
Ogallala, Neb,

RCA Corp, Electronic Components

1

Rummel Fibre Co.

Harrison, N.I,
Newark, N.7I.

Marco & Qak Industries a Div. of Qak

Electro/netics Corp,

Anaheim, Calif,

Philco Corp. Lansdale Div., Lansdale, Pa.
Stockwell Rubber Co. Inc.

Tower-Olschan Corp.

Philadelphia, Pa,
Bridgeport, Conn.

Cutler-Hammer inc. Power Distribution
and Control Div, Lincoln Plant

Lincoln, Ili,

Litton Precision Products Inc, USECO

Div, Litton Industries
Gulton Industries Inc,
United-Car Inc,

Van Nuys, Calif,
Metuchen, N.7T.
Chicago, Il

Miller Dial and Nameplate Co,

Radio Materials Co,
Augat, Inc.

Dale Electronics, Inc,
Eleo Corp,

£l Monte, Calif,
Chicago, [iL
Attleboro, Mass,
Columbusg, Neb,
Willow Grove, Pa,

Honevywell Inc, Div, Micro Switch

Whitso, Inc.
Svlvanig Electric Prod.
conducior Prod, Div,

Freeport, I,

Schiller Pk, , Ili,
Inc, Semi-

Wobum, Mass,

Fssex Wire Corp. Stemco

Controls Div,

Mansfield, Ohio

Ravytheon Co, Components Div,
. Ind. Components Oper, Quincy, Mass,

Wagner BElectric Corp,
Tung-5oi Div,

Scouthco Inc,

Leescraft Mig, Co. Inc,

Livingston, N.J.
Lester, Pa,
L.LC., N.Y,

Methode Mfg., Co, Relling Meadows, IiL
Bendix Corp. Microwave

Devices Div.
Weckesser Co, Inc,

Franklin, Ind,
Chicago, TiL

Amphenol Corp, Amphenol

Coentrols Div,

Tanesville, Wis,

Industrigi Retalning Ring Co,

Irvington, N.T,

IMC Magnetics Corp, Easiem Div,

Sealectre Corp,
ETC Inc.

Wesgtbury, N.Y.
Mamarcneck, N, Y.
Cleveland, Chioc

International Blecironic Research Corp.

Renbrandt, Inc,

Burbank, Calif,
Boston, Mass,
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Replaceable Parts
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REF. MTR. HP
DESIG. . DESCRIPTION TQ* | MFR, PART NOQ. CODE PART NGO, | RS*
Al Input Board
C1-3 Bxd, elect 4000F 100V 3 D40713-DFP 5628% §180-~1887 1
C4~-6 fxd, cer .05uF 400V 4/31 33C17A3-CDH 56289 0150~0052 1
c7
6177C fxd, cer .O5uF 400V 33C17A3-CDH 56289 0150~0052
6181C {not used}
CR1, 2 Diode, 1A 280V 8/61 Al4B 03508 1801 -0327 2
CR3, 4 .
6177C Diode, 1A 200V AL4B 03508 1901-0327
6181C (not used)
CR5-8 Diode, 1A 200V Al4B 03508 1801-0327
F2
6177C Fuse 1A 250V 1 312401 75915 2116-0001 5
6181C Fuse 0. 5A 250V 1 312.500 75915 2110~0012 5
A2 Main Board
cil - fxd, elect20uF 50V 1 30D206GH50CC2 56289 0180-0049 1
5 fxd, mica . 001 100V i DISCIEI 02T 530621 0160-0938 1
Cé fxd, elect 16uF 150V 1 30D166G150DFE 56289 0180-0238 1
C7 fxd, cer .05 400V i 33C17A3-CDH 56289 | - 0150-0052 1
<8 fxd, mica 470pF 300V 1/21 obd 72136 0140-0149 1
CY fxd, cer.22uF 50V H 5C52B-CML 56289 0160=0263 1
Clo Ixd, elect 68uF 15V 1 150D686X0015R2 56289 0180-1835 1
CC12 £xd, mica . 002uF 100V 2 obd 72136 3160-2301 1
Cl13
6177C fxd, cer . GlpF IRV 1 CO23A1027T103M538 | 56289 0150-0012 ]
6181C ixd, cer .O0lpF 500V 1 811000 Y5U 0 103272982 01506-0081 1
C19 fxd, mylar . 022u0F 200V 1 AE17CZ23KT 064601 01608-0162 1
G20 xd, cer 0.1 50V & 5C50R1I-CML 56289 0158-0121 1
Czi Bxd, mica 18pF 300V 2 obd 72136 0160-0356 1
c22 fxd, cer 0. 1pF 50V 5C50B1-CML 56289 0150-90121
c23 fxd, mica .002uF 100V obd 721361 0160-2301
C24, 25 fxd, cer 0,1 50V 5C50BI-CML 56289 B150-0121
C26 fxd, mica 18pF 300V obd 72136 0160-0356
- C27 fxd, cer 0. 1uF 50V 5C50Bl~-CML 56289 0150-0121
Cz8 -
6177C fxd, mylar 0. oF 200V 1 AE22C104KT 06001 D160-0148 1
6181C fxd, mylar 0. 22uF B0V 1 AEB22CZ24KT 06001 0160-2453 1
Cz9 fxd, cer .1 50V 5CE0Bl-CML 56289 0150-0121
31
6770 fxd, mica 560pF 300V 1 obd 72136 0140-0178 1
6181C fxd, mica 470pF 300V obd 72136 0140-0149
c32 x4, mylar . 047 200V 1 AE17C473]7 06001 0160~-0138 1
C34 fxd, elect 10nF 20V 1 150D106X982082 56289 0180-0374 1
C35 txd, elect 1, OuF 35V 1 150D105X96835A2 56288 8180~-0291 1
C353 )
8177C fxd, mica 750pF 360V 1 obd 72136 0160-2215 1
6181C fxd, mica 3%0pF 300V 1 obd 72136 0140-0200 1
CR10 Diode 200mA 180V 11 333386 03877 1901-0033 7
CRI13 Diode, switching 200mA 80V i FDH 6308 07263 1901-0050 1
CR14 Diode, stabistor 150mhd 15V 3 STB523 03508 1901-0460 3
CRI1E5, 16 Diode, switching 50mA 75V 4 DAZ2050 03508 1901~0642 4
*6177C/6181C




Table 6-4,

Replaceable Parts

REF. MFR. Hp

DESIG. DESCRIPTION TQ* | MFR. PART NO. CODE | PART NO. [Rs*
CR17,18, 24 Diode, 200mA 180V 8333946 03877 1901-0033
CR2Z5, 26 Diode, switching 50ma 75V DAZOS0 03508 1801~0642
CRZ27, 28, 30,

31 Diode, 200ma 180V ° 8G3396 03877 19010033
CR32« Diode, stabistor 150ma 15V 8TB5Z3 63508 1801-0460
CR33 Diode, 200mA 180V 8433386 §3877 180:~0033
CR34-36,

38, 40, 41 Diode, 1A 200V 9 Al4B 33508 1801-0327 &
CR4Z Diode, 200mad 180V 33396 G3877 1801-0033
CR44 Diode, stabistar I50mA 15V STR523 03508 1201 ~0460
CR46 Diode, 200mA 180V 3G3396 03877 1801 -0033
CR47-4% Diode, 1A 200V A14B 63508 1801-0327
11 Inductor, ferrite bead {Q2 emitter) 1 56-580-65/4A6 02114 9170~08%4 1
Q1 S5 NPN Si. 1 2N4240 28480 1854-0311 1
Q2, 4 S5 PNP Si. 2 44250 G2735 1853-0224 2
Q5 S8 PNP Si. 1 TZ173 56289 18530089 1
Q8 55 NPN §i. 1/3} 2NL711A 28480 1854-0244 |1/3
QL1 12 S3 PNP Si. 2 2N4436 28480 1853-0041 2
Q13-15 5SS NPN Si. 7 2N3391 28480 1854-0071 6
Q18,19 88 NPN 8i. dual 2 2N4445 28480 18545221 2
Q21-24 88 NPN S84 2N3391 28480 1854-8071
Qz6 38 NPN 3i. 1 2N3417+** 284380 18544087 1
Q27,28

6177C 538 NPN Si. 2 {See note p. &-11) 28480 18540448 2
6181C 55 NPN 3. 2N17114 28480 1854~0244
Q31 88 NPN 8i. 1 ZN3I3G0*+* 28480 1R854-0202 1
Q32 Programmable unijunction transistor 1 {See note p. 6-11) | 28480 1855-0346 1

R1
8177C fxd, ww 2 1/2% 7.5W 1 R2067-2 01686 0811-3306 1
6181C fxd, ww 10 1/2% 7.5W 1 R2067-3 01686 08112110 1
R2
6177C fxd, ww 18 0.1% 1/8wW 1 R2179~3 01686 O811~2777 1
6181C fxd, ww 90 0.1% 1/8W 1 R2179-2 01686 08112779 1
R3
6177C fxd, ww 180 0,1% 1/8W 1 R2179-1 01686 0811~2778 1
6181C fxd, ww 900 1/2% 3/8W 1 R2066-2 01686 0811-2112 i
R4
6177C fxd, met ox. 8.2K 5% 2w 1 Type RG42 11502 07640044 1
6181C ted, comp 33K 5% 2w 1 HB3335 01121 0692-3335§ 1
RS
6177C fxd, film 7.5K 1% 1/8W 1 Type MF4C-1 18701 07570440 i
6181C fxd, film 3.32K 1% 1/8W 1 Type MP4C-1 18701 (757-0433 1
R& Ixd, comp (selected} 1 obd
RY
6177C fxd, comp 300 5% 1/2W 1 EBR3615 0112t 0686~-3015 i
6181C ftxd, comp 2K 5% 1/2wW 4 EB2025 01121 0686~2025 1
RS
6177C fxd, comp 100 5% 1/2W 7 | EBLO15 01121 0686-10151 2
6181C fxd, comp 220 5% 1/2W 1 EBZ215 01121 0686~-2215 1
RIC
6177C xg, ww 6, 8K 5% 3W i Type 242E 56289 0811~0860 1
6181C fxd, ww 20K 3% 3w 1 RS28-95 91637 0811-1337 i

**Transistor leads must be bent properly
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REF. MFR. HP
DESIG. DESCRIPTION TQ* | MFR. PART NO. CODE| PART NO. | Rs*

R16,17 fxd, comp 240 5% 1/2W 2/3 | ERB2415 01121 0686-2415 | 1
R18 fxd, comp 12K 5% 1/2W 1 | EB1235 01121 0686-12351 1
R19 fxd, comp 2K 5% 1/2W 2/ | EB2025 01121 0686=-20251 1
R28 fxd, comp 1.5K 5% 1w 1 (3B1525 01121 06895-1525 1 1
R21

BI77C fxd, comp 1K 5% 1/2W 3§ BB1625 01121 0686-10251 1

5181C fxd, comp 2K 5% 1/2W ER2025 01121 0686~2025
R22

&177C fxd, comp 150 5% 1/2W 1 EBI515 01121 0686-15151 1

61B1C fxd, comp 300 5% 1/2W 1 | EB3015 pi121 0686-30615 | 1
R23 '

61770 fxd, ww 0.33 5% 2W 1 | Type BWH 75042 0812-0066 | 1

6181C fixd, ww 1.0 5% 2w 1 | Type BWHE 75042 0811-1666| 1
R25 fxd, comp 2K 5% 1/2W EB2025 01121 0686~2025
R26, 27 fxd, comp 51 5% 1/2W 2 | EB5105% 01121 0686~5105 | 1
R28 fxd, comp 20K 5% 1,/2W 1 | EB2035 01121 0686-2035 | 1
RZ9, 30 fxd, film 1.5K 1% 1/8W 2 | Type MF4C-1 19701 0757-0427 | 1
R31 fxd, comp 1.8% 5% 1/2W 1 | ER1825 01121 0686-1825 | 1
R32 fxd, comp 2. 7K 5% 1/2wW I | ER2725 01121 0686-2725 ] 1
R33 fxd, comp §.6K 5% 1/2W 2 | EB5625 01121 0686-5625 ]| 1
R34 fxd, film 750 1% 1/8W 2/1 | Type MFAC-1 19701 0757-04201] 1
R35 fxd, film (selected) 1 obd
R36 fxd, film 118K 1% 1/8W 1 | Type MF4C-1 18701 0698-32651 1
R37 fxd, ww 11.8K 1% 1/8W 1 135F 20940( 0811-278%1 t
R38 fxd, met ox. 430 5% 2ZW 1 | Type RG42 11502 0764-0024 1 1
R39 fxd, film 100 1% 1/8W 2 | Type MF4AC-1 19701 0757-040% 1
R41 fxd, comp 100 5% 1/2W EB1 015 01121 0686-1015
R42, 43 fxd, flim 23K 1% 1/8W 2 | Type MF4C~1 19701 0698-3265 | 1
R44 fxd, comp 100 5% 1,/2W EBIDIS 01121 0686-1015
R45 fxd, film 64K 1% 1/8W 4 1 CMF-55~1, T-9 91637 0698-6275] 1
R46 var, ww 15K 2 | CT~-100-4 84048 2100-08%6| 1
R47 Ixd, film 64K 1% 1/8W CMF-55-1, T-9 31637 0698-6275
R48 fxd, comp 100 5% 1/2W EB1015 01121 0686-1015
R49 fxd, comp 1K 5% 1/2W /2 1 EB1025 01121 0686~1025 1 1
R50 fxd, film 1060 1% 1/8W Type MF4C~1 19701 0757-0401
R52 fxd, film 10K 1% 1/8W 4 1| Type MF4G-1 19701 0757-0442 | 1
R53

6177C fxd, comp 470 5% 1/2W 1 | EB4715 01121 0686-4715 | 1

6181C fxd, comp 240 5% 1/2W EBZ2415 01121 0686-2415
RE4 fxd, comp 108 5% 1/2W EBI1 OIS D112t 0686-1015
RE5 Ixd, film 64K 1% 1/8W CMF-55-1, T-% 916371 D698-6275
R56 var, ww 15K CT-100-4 840481 2100-089%
R57 fxd, film 64K 1% 1/8W CMF-55-1, T-9 916371 0688-6275
R58 fxd, comp 100 5% 1/2W EB1G15 01121 0686-1015
R60 fxd, film 10K 1% 1/8W Type MFPAC-1 19701 0757~0442
R61 fxd, comp 1.3K 5% 1/2wW 1 | EB1325 01121 0686-1325 | 1
R62, 63 fxd, film 10K 1% 1/8W Type MF4C~1 19701 0757-0442
R64 fxd, film 5.6K 5% 1/4W 1 CR5625 01121 0683-5625 | 1
R64 fxd, comp 33 5% 1/2W 1 EBR3305 01121 0686~3305 1
R67

6177C fxd, film 6.2K 5% 1/4W 1 CR6Z25 01121 0683-6225 | 1

6181C fxd, fiim 9.1X 5% 1/4W 1 | CB912% 01121 0683-9125 | 1
R68 fxd, comp 5.6K 5% 1/2W EB5625 01121 0686-~5625
R69 fxd, comp 100 5% 1/2wW EB10IS 01123 0686-1015
R70 fxd, comp 360 5% 1/2wW 1 | EB361S 01123 0686-3615 1 1
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DESIG. DESCRIPTION TQ* | MFR. PART NO. CODE | PART NO. | RS*

R71 fxd, comp 1K 5% 1/2W ERI 025 01121 | 0686~1025
R72 fxd, comp 9. 1K 5% 1/2W 1 | EB9125 01121 | 0686-3125¢ 1
R73 fxd, comp 750 5% 1/2W 1 | EB7515 1121 | 0686-75151 1
R74, 75 ;

61770 fxd, comp 4.7 5% 1/2W 2 | EB47GH p1121 | 06898-0001 1 1

6181C fxd, comp 12 5% 1/2W 2 | EB1205 01121 | 0686-1205] 1
R76, 77

6177C fxd, comp 3.9 5% 1,/2W 2 | EB38GSH 061121 | 0698-5139 ¢ 1

6181C fxd, comp 8.2 5% 1/2W 2 | EB82GSH 01121 | 0698-54791 1
R78 fxd, film 380K 5% 1/4W 1 ¢ CB3345 DL121 | 0683-3345| 3
R79 fxd, Film 18 5% 1/4W 1§ CBIBOS pr121l | 0683-1805| 1
R8O

6177C fxd, ww 2K 5% 5W 1 | Type 5¥M 1484 | 0812-0100| 1

6£181C fxd, ww 5K 5% 5wW 1 | Type 5XM 14841 | 0812-0060 | 1
R82

A177C fxd, ww 5K 5% 5W 1 | Type SXM 14841 | 0812-00601 1

6181C fxd, ww 15K 5% 5W 1 | Type 5XM 14841 | 0811-1867] 1
&a3 fxd, film 10K 5% 1/4W 1 | CRL035 01121 | 6683-1035] 1
R84

6177C fxd, ww 7.5K 5% 3W 1 | Tvpe 242E 56289 { 0811-18157 1

£181C fxd, met ox. 33K 5% 2W 1 | Type RG42 11502 | 0764-00461] 1
R85

6177C fxd, film 750 1% 1/8W Type MP4C~-1 19701 | 0757-0420

4181C fxd, film 2.37K 1% 1/8W 1 | Type MF4C-1 19703 | 0688~3I50} 1
RB86

6177C fxd, film 330 1% 1/8W 1 | Type MP4C-1 19701 | 0698-56631 1

6181C fxd, fiim 908 1% 1/8W 1 | Type MF4C-1 18701 | 0757-0422| 1
R§7

6177C fxd, film 42.28 1% 1/8W 1 | Type MF4C-1 19701 | 0698-3450| 1
- 6181C fxd, film 105K 1% 1/4W 1 | OMFP-60-1, T~ 91637 | 0648-4757 1 1
R8S

6177C frd, comp 1.5M 5% 1/2W 1 | EB1555S prizl 0686-1555 H

6181C fxd, comp 3.3M 5% 1/2W 1 | ER3355 p1121 | 06BA-3355] 1
RAY

6177C fxd, comp 16 5% 1/2W 1 | EBI&05 41128 | 0688-3561 1

6181C fxd, comp 39 5% 1/2W t | EB3905 01121 |1 0686-39051 1
RS0

6177C fxd, comp 27 5% 1/2W 1 | EB2705 01121 | 0686-27051 1

6181C fxd, comp 68 5% 1/2W 1 | EB6805 01121 | 0686-6805[ 1
RO fxd, film 42.2 1% 1/8W 1 | CEA-993 07716 | 0757-0316 | 1
RY2 Thermistor, 64n at 25°C 1 | LBl6T1 73168 | 0B837-0023F 1
TUi-3 Opera‘{;ignal Amp}ifier, 16 3 LM30LAH 27014 1820~-0223 3
VRI, 2 Diode, zener 6, 19V 2 | CD35646 15818 | 1902-0045| 2
VR3 Diode, zener 4, 32V 1 | §211213-35 04713 | 19020797 1
VR4 Diode, zener 3,74V 1 | ©D35582 15818 | 1902-0062 ] 1
VRS Diode, zener 6. 2V 1 | 1N825 28480 | 1902-1221 1
VRA Diode, zener 16,2V 1| $710939~242 p4713 | 1902-0184 ] 1
yRY _

6L7TC Diede, zener 61, 8V 1 | 82:112:13-368 04713 | 1902-06601 1

6£181C Diode, zener 150V 2 | sz1:1213~440 04713 | 1902-0586| 2
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Table 6-4,

Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TOQ* | MFR. PART NO. CODE PART NO. [ RS8*
VRO Diode, zener 2,37V H 52108392 04713 1902-3002 1
" VR1Z Diode, zener 5, 6V i INSS 28480 1902-3104 1
VR14 .
6177C Dicde, zener 42, 2V 1 1N876 28480 1902-3323 1
6181C |+ (not used) :
VRIS
6177C Diode, zener 20. 5V 1 INS68 28480 18020182 1
6181C Diode, zener 150V 8§711213-444 34713 1502-0586
Chassis, Electrical
DSt Neon lamp (LINE) 1 AlC 08806 21400047 1
D32 Light-emitting diode {LIMIT) 1 28480 1590-0325 i
Fi Fuse 1A 250V {115V operation) 1 312001 75915 2116-0001 5
Ml
6177C Meter, 0-600ma, 0-60Vdc 1 284890 1120-1147
6181C Meter, 0-300ma, 0-120Vdc 1 28480 1120-1148
Qb . :
6177C Power NPN Si. 1 37577 0z735 1854-0239% 1
6181C Power NPN Si. 4 60128 02735 1854-0421 4
Q25, 28, 30
6177C Power NPN Si. 3 37578 02735 1854-025¢ ¢ 3
6181C Power NPN Si. 60128 02735 1854-~0421
R40
6177C Var, ww 2K 10~turn 1 28480 2100-2029 4+t .
6181C Var, ww 5K 10-turn 2 28480 2100~-1865 1
R81 Var, cermet 50K 1 Series 550 71450 2100-2023 [
R33 fxd, comp 47K 5% 1/2W i EB4735 01121 0686-4735 H
St Switch, rotary, line/meter 1 . 28480 1 23100-1936] 1
sz Switch, rotary, current range 1 284890 3100-1935 H
33 Switch, slide DPDT i 11A-1242A 82389 3101-1234 1
Ti Power transformer i 28489 5080-1798 1
Al Input Board, Mechanical
PC board edga connector 1 252-06~30-340 71785 1251-0478
Fuseholder clip 2 | 6008-3ZCN 91506 { 2110-0268
A2 Main Board, Mechanical
Rarrier strip, S5-term. 1 28480 0360-1550
Barrier strip, 4-term. 1 . 28480 { 0360-1551
Barrier strip jumper 3 422-33-11-013 71785 0360-1143
Transistor mounting pad 6 7717-5=N 13103 1200-0181
Socket, integrated circuit 3 133-98-92-061 71785 1200~-0763
Heat Sink {Q1I} 1 28480 5000~9316
Heat dissipators (Q27, 28) 2 207-CB 05820 1205-0033
front Panel, Mechanical
Pin jack, white {+ METER) 1 105-601 74870 12581-2440
Binding post (red) 2 28480 | 1510-0094
Binding post (black) 1 28480 | 15:10-0522
Hex nut, binding post (nyion) 3 913-88%1 26365 2850-0144
Meter bezel 1 284890 4040-0571
Spring, meter mount 4 28480 | 1460~-0720
Lampholder base (DS1) 1 28484 5040-0305
Lampholder clip {DS1) 1 28480 | 5040-0234
Mounting ¢lip (DS2) 1 7219-19-1-A001 0016G| 1400-0532




Tabie 6-4, Replaceable Parts

REF, _ MFR. HP
DESIG. DESCRIPTION TQ*| MFR. PART NO. CCDE | PART NO. RE*
Tront Panel, Mechanical {Cont. )
Retaining ring (D82} 1 7212-19~1-A002 0016G | 14000540
Knob, pointer (31, 2, R81} 3 28480 0370-1039
Knob, plain (R40) i 1 28480 | 0370-1136
ot Hex nut, control shaft 4 76320-NP 73734 0590-0856
Rear Panel, Mechanical
Strain relief, line cord 1 SR-5P-4 28520 0400-0013
Line cord H KH4086 70803 8120~0050
Barrier strip cover i _ 28480 | 50208-5755
Fuseholder i 342014 75815 1400-0084
Lockwasher, fuseholder 1 192412 78189 21900654
Heat sink i 28480 | 5020-8067
Insulator, heat sink mount 4 28480 0340-0172
Insulator, boron nitride 4 H~-4401 61637 0340~0411
Transistor ingulator, molded 4 28480 03400795
Miscellaneous
Center chassis 1 28480 5000-30982
Rear panel 1 28480 1 5000-3097
Front panel, basic 1 28480 5620-5753
Pront panel, control insert
(6177C) 1 28480 { 06177-60009
(6181C) 1 28480 | 06181-40008
Front panel, output insert
(6177C) 1 28480 | 06177-60407)
(6181C) I 28480 | 06181-60007
Side Frame Assembly 2 28480 50600700
Tilt stand 1 28480 1490-0032
Tilt stand hinge 2 28480 5040-0700
Foot assembly 1 28480 5060-0728
Side frame aszsembly spacer 2 28480 | 5020-0701
Side cover 2 28480 5000~-8555
Bottom cover 1 28480 | 5000~5444
Top cover 1 28480 | 5060-8585
Connector, heat sink assy, '
10-position 1 28480
Connector, front panel agsy, ’
21-pogition 1 - 284840 1251-4054
Polarizing key (for 10-pos and
21-pos connectors} 2 28480
Packing carton i 28489 92311-0848
Floater pad, packing 2 28480 9220-1218




Table 6-4. Replaceable Parts

REF. MFR. HFP

DESIG. DESCRIPTION TQ*{ MFR. PART NO. GCODE | PART NO. RS*
Option 014 s
3-Digit decadial Current Control
" 3-Digit decadial 1 RD411 Q7716 1140-0020
Flatwasher 1 28480 | 06177-00006
Option 028
230-Volt Input .
Fl Fuse, 1/2A, 250V 1 312,500 75915 2110-0012

Note: There are no exact commercial replacements
for Q27 or Q28 in the 6177C or for Q32 in
both models. The alternate commercial
equivalents listed below can be tried with
a high probability of success and may be
used if the listed HP part is not immedi=
ately availabie.

Q27, Q28 (6177C) ' 881147 {(Motorola)
(32 {6177C and 6181C) IN6028




SECTION VIl
CIRCUIT DIAGRAM

This section contains component location dia~-
grams and a schematic diagram of the power

supply. The component location diagrams ¢
show the phygical locationg and reference de-~
signators of parts mounted on the printed cir-

On the schematic, voltages ars
which

cuit boards.

given in italics adjacent to test points,
are identified by circled numbers both on
the schematic and on the component loca-
tion diagrams.

[
o P70 REF |
YPELY |

Figure 7-1.

Al Input Board (6177C), Component Locations -

R GRS

Figure 7-2.

Al Input Board (6181C), Component Locations

D

Q29

Q30

)

Q25

Q6

Figure 7-3.

7-1

Heatsink Assembly,

Transistor Locations
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Figure 7-5. Model 6177C and 6181C, Schematic Diagram






MANUAL CHANGES
Model 6177C and 6181C Precision Constant Current Source
Manual HP P/N“5950~1?k9

Make all corrections in the manual according to errata bhelow, then check the
following table for your power supply serial number and enter any listed chan-

ges{s) in the manual.

Model 6177C

i SERIAL | MAKE |
fomm e - { CHANGES |
| Prefix | ~Number ! |
f e [mmmmm e frmmmmm - 1
| 15254 | 00128-00147 | 2 |
] 15514 | 001uB-00167 | 2,3 |
| 16104 | 00168-00267 | 2,3,4 |
{ 17074 | 06268-01157 | 2-5 |
1 22384 | 01158-01217 | 2-5,7 |
| 231hA | o1218-012h7 | 2-5,7,8 |
| 23394 { ol2uB-01382 {2-5,7-9 |
| 2Loha I 01383-up [2-5,7-10 |
CHANGE 1:

In the parts list and on schematic
for Model 6181C, make the following
changes: Under A2 Main Board: change
R8T +to 100 k, 1%, 1/2 W, HP P/N
0757-0367. Change RB88 to L.TM, 1/4
W, HP P/N 0683-k755.

CHANGE 2: :
Make the following chanpges +to the
schematic and the parts list for the
Model 6177C:
Change RO to 180 ohm, 0686-1815.
Change R38 to 330 ohm, 0698-3631.

CHANGE 3:

The cable assemblies that connect the
heatsink assembly and the front panel
assembly %o the main PC board are now
prefabricated. Under Miscellaneous in
the parts list, delete both connec-
tors and the polarizing key and add
the following:

heatsink cable assembly 5060-2692

front panel cable assembly 5060-2691

The heaztsink cable assembly includes
eight 1251-4223 crimp terminals, one
1251-h22hk 10-contact connector, and
one 125i-3942 polarizing key for the
connect or. The front panel cable as-

sembly includes twenty 1251-4225
erimp terminals, one 1251-4025%
20~contact connector, and one

1251-3642 polarizing key for the
connector.

Model 6181C

| SERIAL | MAKE |
| — e e oo | CHANGES |
| Prefix I Number i |
| ===mmmmm- [-=mmmmmm e fommm e !
| 15254 | 00109-00188 | 1 !
| 16034 | 00189-00308 | 1,3,4% |
| 1653A | 00309-00648 | 1,3,4,5 |
| 19154 | 006u49-01328 [1,3,4,5,6]
| 22384 I 01329-01k03 | 1,3-7 |
| 23134 [ olkoh-01673 | 1,3-8 |
| 24234 | 016Th-up i 1,3-8.10!
CHANGE 4:

Pilot lamp DS1 and resistor RO3 are
now connected as shown below. With
this connection the lamp remains at
115 Vac for either input {115 Vac or
230 Vac). Previously, the lamp and
resigtor were connected across the

_input voltage.

The following changes‘ allow the
units’® load regulation specification

to be maintained during remote
programming.
Delete Figure 3-7. An extermal

voltmeter cannot Be connected to ter-
minal Ac on rear terminal sirip be-
cause the external meter current
would degrade load regulation. Change
paragraph 3-30 to read: 'External
voltage monitoring cannot be comec-
ted to rear Tbarrier strip Ac.
External voltage monitoring can only
be connected to + METER output jack
on the front panel."

N\

e
LAMP WAS HERE




Models 6177C and 6181C Page -2-

ERRATA:
Change the part number for knob,
plain {R4O) to 0370-1091.

The front panel binding posts have
been changed to a type with better
designed insulation. Delete the two
types of posts listed on page 6-9 of
the parts list and add: black binding
post, HP P/N 1510-0114 {qgty 1); and
red. binding post HP P/N 1510-0115
(aty 2).

CHANGE 5:
Line wvoltage selector switch S3 has
been relocated to reduce common mode
output ripple. On page 6-10, change
the HP P/N of the center chassis to
5000-3136. '

ERRATA:
Effective January 1, 1977, Option OlhL
{decadial for 10-turn current con-
trel) has been redesignated Option
015. Make this change wherever Option
014 is mentioned in the manual.

_ CHANGE 6:
In parts list and on schematic for
6181C, change R7 %o 1.3 k, HP P/N
0686-1325, This change was also im-
plemented on gerial numbers
1653A-00629, 00630, 00631, 00635,
00645, and 00648, :

ERRATA:
For all instruments delivered on or
after July 1, 1978, change the HP P/N
for fuseholder from 1400-008k +to
fuseholder  body 2100-0564 and
fuseholder carrier 2100-0565. Change
the HP P/N for fuseholder nut from
2950-0038 +to 2110-0569. If old
fusehelder must be replaced for any
‘reagon, replace complete fuseholder
and nut with new fuseholder parts. Do
not replace new parts with cold parts.

In the replaceable parts list and on
the schematic, change the wvariable
resistors. RUW6 and R56 to 20 k ohm,
1/2 W, HP P/N 2100-0558.

On page 6-10, change: Bottom cover to
HP P/N 5000-9368 qty 1. Top cover to
HP P/N 5000-9367 gty 1.

CHANGE 7:
In the oparts 1list and on the
schematic, change VR4 to 4.22 V, 5%
#P P/N 1902-3070.

CHANGE 8:
In the replaceable parts list, page
6-10, under Front Panel Mechanical
‘{cont.), delete Knob, plain (RLO)
which was changed in a previous
ERRATA to HP P/N 0370~ 1091. In its
place add, Decadial HP P/N 1140-0020

Qty.l.

CHANGE O:
In the replaceable parts list, page
6-7 and on the schematic Figure T7-5
change R66 to 36 chm, 5%, HP P/N
0686-5605.

ERRATA:
When required, it is recommended that

R66 be replaced with HP P/N
0686-5605.

ERRATA: |
On page 6-9, under A2 Main Board,
Mechanical, change Barrier strip,
5-term. to HP P/N 0360-2177, and
Barrier strip 4 term. to HP P/N
0360-2180

CHANGE 10:

On page 6-10, in replaceable parts

list, under miscellaneous, add ter-
minal strip, HP P/N 0360-0393, total
quanity 1.

ERRATA:
In the replaceable parts list, page
6-9, under A2 MAIN BOARD, change
Barrier Strip jumper to HP P/N
0360-2186.

On page 1-2, under PARD (RIPPLE AND
NOISE) in the specifications table,
change in the second line '"dc to-
20MHz" to "20Hz and up’.

12/09/84
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Suginami-ku, 'i"akwo 164

Tol: 03-331-611

Telox: 232+ 2024 YHP-Takyo
Cabia; YHPMARKET TOK 23 724
Yokofawe-Hawlst-Patkard Lid,
Naitame Buiiding

24 Kami Sasajima-cho
Nakamura-ky, Nagoya, 450
Tel: 052 574-5171
Yokagawa-Hewlet-Packard Lid,
Tanigawa Building

2-24-1 Tsuruya-cho
Xanagawa-ku

Tel: 045-212-1252

Yokogawa-Hewlelt-Packarg Ltd,
Mits #itsul Building
1&)5 %dwme San-ng-man

g 310

TeE 02922 Tate

Yakoaawa»ﬁewlm -Packard Lid,

tnoue Building

15485, Asam-m, 1-chome

Atsugl, Kanagawa 243

Tl D462-24-0452

Yokogawa-Hewlstt-Packard Lig,

Klragaya Asahi

Hashijuni Bulidizg

4th Finor

35, Tsukyl

Kuma: gﬁayn Saltama 360

Tel: 04B5-24-8563

KENYA

Technical Enginoering
Services{E. ALt

P.0, Sox 18317

Nairabl

T4l S5B79/556680/357726
Taiex: 226238

Cabla; PRGTON

Madicai Oniy

internationa Aerad&o{i A
P, Box 16017

Hairobd Airport

alrobi

Teiex 222{}1!2235!
Gzble: INTAERIQ Nairabi

KOREA

Samsung Eloctronics Ca., Eid.

131 Finaf Daaongak Bidg.,

255, KA

x.rmonq Hoo-Re, Chung-Ku.
Saoul

e EZS) 8811, T78-3401/213/4
: 238TS

Telex
tabie: ELEKSTAR Soout

REW ZEALAND

Hewlett-Packars {8 2.) L,
4-13 Gruickshank Street
Kitbsirnla, Waliington 3

P.0. Box 9443

Gaurtney Flace
Wellingion

el §77-108

Cabta: HEWPACK Welington
Hewlen-Packard (M.} Lid,
Pakuranga Professionaf Ganre
287 Pakurenga Highway
Box 51082

i‘ukuran%a

1ol 569651

Catste: HEWPACK Auckiand
Anaiyticai/Meadical Only
Madical Sugplies N.Z. ud
Scientlfic Divislon

78 Cariten Gurd Road, Newmarket
P.0. Box 1234

Aucklasd

Tel: 75-208

Cable: DENTAL Aucklznd

AnalylicaiiMetical Only

Medical Sapplies N.2. ud

Private fag

Noma and Paramoana Streets
'oricus

Tel‘. T6-09E

Telex: 3658

Anatyticaledical Gnly
mm‘:al Supnd:et KL L!ﬁ

MALAYSIA 239 Stmmurn Raad

Takntk Mutu Sdn Bhd. Christchureh

Ho. 2, Lofong 1364 e 832018

Seclion 13 Catile: DENTAL Christchurch
Petaling Jaya,

Tal 5400475406
Tolex: MA 37605
S'utei Ermmeanng
Lat 259 Satuk Apad
Kucing, Savawak
Tel: 53544

Gable: PROTELENG
MOZAMBIQUR
AMN. Gontalves, Ltd.

152, = Apt. 14 Av D Luis
Caixa Postat 107

Maputo
Tl 27041, 27114
Toler: 6-283 NEGON Mo

Oni
Medfca\ Supplies n‘z?‘ym,
35}3 ﬁﬁraal Ring Strest

Dumd&n

Gahie DfRTM Duredin

RIGERIA

The Electronics
Instrsmentations L.

NBB77C Oyn Hoao

Clugeun House

P.MLBL 5402

tbadan

Tal: 61577

Tulex: 31231 TEIL Nigerla

Tha Llecirorics Instrymenia-
ions 1LAG,
144 Agege Mator Road, Mushin
.0, Box §645

Lagoa
Cabla: THETER, Lagos

PAKISTAN
Mushke & Gompany Lid,
Uosman Chambers
Qwulfnﬁ Harpon Aoad

&

wachi-
Tei STEOZT. S12927
Talew: 2804
Cabte: CODPERATGR Karachi
Mushko & Company, Lid,
390, Sataliite Town
Rawelpind!
Vol 41924
Gabla. FEMUS Rawaipindt

PHILIFIMNES
Ths Cniine Advanced
Sysiems Corporation
Rico House
Amorsalo cor. Herrera Str.
Lagasgu \iia & Makati
0

Mewn Man
Tai: 85 35~ﬁ? £9-34-91.85-32-2!
Taiex: 3274 ONLIKE

RHODESIA

Field Technient Sales
45 Kalvin Roag horth
£.0. 8ox 3448
Saliabury

Tet 705231 (5 fnes)

SINGAPORE
Hsv;ia!! Pfciwnf Singansre

1150 Degot Roat

él‘axamra £.0. Box 58
japore 4

B b

Teiex: #PSG RS 214

Gable: HEWPACK, Slnuamm

SOUTH AFRICA
Hewlait- Pammm South Africa

[Fy.}, L
Private Bay mevmﬁ
Sangten, Transvagl, 2144
Hewlotl-Packard Centre
Dapane Street, Wendywood,
Sandton, 2144
Teb B»U?-Z(NUJ‘B

Telex: 8-4782
Cabie: HEWPAG;( Jehannasburg

}sewlml-mﬁxam South Atrica
4.

PO i

Haward Piace. Cape Province, 7450
Fiag Park Gantre, Forest Drive,
Pingiands, Cape Province, 7403
ek 53-7955 thu 9

Telex: 57-0

TAIWAN

Hewieft-Packard Far East Lid.
‘Taiwan Branch

38 Chung Hsiao West Road
Section 1, Tth Flosr

Taip

Tal: 3819160—4 141010, 3716421
Exl 270

Galife: HEWPADK TAIPE]

Hewlest-Packard Far East Lid,

Taiwan Branch

8.2, Chung Caeng 3rd. foag

Kawaéun%
Tal: (07} 242318-Kaohsiung
Analyticai Only

San Kwang 'nslmmﬁnls Go, L,
2(} thg Svi Ruad

‘F-» 3?1517! 4 {5 lines)
Toigx: 22894 SANKWANG
Caile; SANKWANG Tatpei

TANZARIA
Macical Onii'
{ntarnational Asracko {£.A), Lid,
P.0. Box 86t

Dar ex Salaam

Tal: 21251 Exz. 265
Taix: 41030
THAILAND

UNIMESA Co. Lt

Eitom Fteseaﬂ:h Buiiﬂmg
2548 Sukusvit Ave,
San?cnuk.amgkuk
Tel: 3932347, 1030338
Canler EINIMESA Bangkok
FGANRA

Medical Only
m!emalmna; AsragialE A, L.
P.0. Bax 2577
Ksmpalu

Tal: 54388

Gabde: INTAERID Kampala
ZAMBIA .

B.J. Ti!bur,‘ {Lambia) Lttt
? x 2742 B

ka
Te! 73783
Gable: RRIANYTEE, Lusaka

OTHER AREAS ROT LISTED, CONTACT:

Hewleft: Pam:ard inlezaonnnama,
280 H
Paig Ailu. cal:‘mma 84364

Cable: HEWFACK Palo Alto

G SLeeTAn Toes, s 4504 VP YOK Cabla: NEGON Cable: THETEL ibadan Telex: D34-8300, 034-5493
ALBERTA ONTARIO '
Heed-Paskard (Candder L. Hewlot-Packard {Canada) Ltd,
118204 - 168tk 1025 Merrisan B~
Eemaron 154 318 Uttewa K2H BK7
Tel: {403) 452-3670 Tai: (073 sn0-oa QUE
o BE-B31-2431 BRITISH COLUMBIA [Ty NOVA SCO 553-1634 Hsum Pac:cani {Canada) Ltd.

Tewlet-Packard EEanada} i
20,7220 F:shﬂ Sl S.E

Hewlet-Packard (Canada) L,
10881 Sneiibridge W%y

HNITO!
Hewlett- Pacxani !Sanada) L.
38!} 550 Gentur

Hawlott- Packard {Cahada} Ld.
490 Winomili Road

Hewiattf Packara (Canaﬁa} L.
6877 Goreway

275 Hym:
Pnlma CIalm HBR 167

C fgal Hiehmond VEX 2W Uartmouth B33 111 Missizsnu, L4V 8 79( '554 697’ 4232 FOR CANADIAN AREAS NOT LISTER:
: 9{4(‘)’;\ 253 2713 Tel: {604) E70-2277 ?et [28:9736-67(}1 Toi: {902} 489-7820 Tel: {416} 678-8430 3022 Comact Hewlell-Packard (Canada)
wx i-42i-61} TWX: §510-825-5350 TWX: §70-671-3531 TWX: SI0-271-4482 HFX TWX: 510-402-4245 TLX 05'3?15‘21 HPCL L1d. in Mississauga.
MEXICO

ARGENTINA
stien Packard Argenting

Av “Leandeo K. Alers 822 - 12°

301 Buanug Ah’al

Tel: 31-8683.4,5.8

Taie)( 122453 AR TIGY
HEWPASKARG

Bm!mrs SACLy M

Balivar 177

1066 Buenos Alras

Tot 30-4848, 34-9356, 34- E-ESD

Telex: 17585

BOLIVIA

Gasa Kavia 8.4,
Caiie Potosi 1130
7.0, Box 500

i Paz

Tek 41530, 53221

Telex: GWC BX 5248 iTY 3550882
able: KAVE]

Hewle’tL ilcxard de Brasil
4,

A!amsda Hia Negro, 750
Al

05490 Bnrusn SF

Tel: 428-2222
Cable: HEWPACK Sao Paule

stieﬂ Pa.ckmﬁ do Brasil
Rua P“dra Chaqas 32

95000+
Toi {0512) 22~299%‘ 22-5821
Gaie: HEWPACK Potto Aegre
:—lﬂv\geﬂ -Packard do Brasi

e
Rua Smuaira Campes, 58
Gopic: aﬁaaa
2D000-Aio de Jfaneiro-Ad
Tel: 25? &G 94 DE!D 102 'g
glex 394 212 19 REWP-B

Rip ﬂE JBFIﬁFfD

RILE
Caicagni y Mercalla Lida,
Aiamady 580-[3! Bo7
Gasita 2

Cadie: CALMET Santago

COLOMBIA
instrumastacidn

Hantix A, Lanuehaek & Kiar S.A,
Carcara 7 Mo, 48-78
Anartaco Adres 5287
Bogotd, t D.£.

Tai! 6 l!ﬁ—??

Telex: 0d4-400 .
Cabrie: AARIS Bogotd
Instrumentacion

H.A, Langsbaek & Kier 5.4,
Apartado Aarec 54098
Madaliin

Tal: 3D4ATH

COSYA RICA

Ciantitica ostarricenss 5.4,
Avenlda 2, Caiig 5

San Pt uu Memes e Ota
Apanads

Ta\: 24-38-20, 24-08:1%
Tatex: 2367 GALGUR CR
Cabie: GALGUR

ECUADOR

Computadoras y £qtipos

Elngtronicos

P.0. fox 8423 CCE

Eloy Altard No. 1824,5"Fise

Quita

Tei: 453 482

Telex: 2548 CYEDE EG

Cable: Sagha-Quito

Medkcal Gniy

Hospitalar & A

Castlla 3590

Aobles 826

Quite H

Tet, 545-256

Cable: Hospitalar(uito

Ei. SALVADOR

Instisinemation y Procesamisalo
Elactranico o ef Salvador

Butevar de los Herpes 11-48

San Satvador

et 252787
GU:?ATEMALA

H

Avenita Hatorma 3-46,
lona §
Guatemals C

Teh 18627 814 86,66471-5,.20.9
Taiex: 4192 Teietro Gu

Hawhm Packafd Meseans,

Av P&rlterh:a Sur No. 5501
Tepepar, Xnnn:rmtm
Mexico 2

Tel: 205- 5764809

Telex: Qt7-74-507

gewbei! gackard Mexicana,
Ava, Cunsmumdn No. 2184

Montar:
Tel: 48-?1-32. 4E-T1-84
Tetex: 038-410

NICARAGUA
Hoparto Terdn G,
Apartads Postal 688
Edificto Terdn

Yanagua
Tel: 26114, 33412,23454 22400
Cabie: ROTERAN Managua

PANAMA

Hegtrdnica Balboa, 5.4,

P.0. Box 4928

Calle Samusl Lowis

Culdad de Panama

Tei: 64-2700

Talax: 3485126 Curtndy,
Ganl Zone

Cabie: ELECTRON Panumi

PERAL

Compaia Eiectro Medica S A,
105 flarmencos 145

San sidro Casitia 10939

Lima t

Tel: 41-4325

Tl Pulr, Seuth 25424 SISIORG
Cable: ELMED Lima

YRAUGLAY

FPabio Ferranda $ A,
Lomescial 2 mdus!rlai
hugniga Halia 2827
Casilia de Gorree 379
Munaeviden

Ted: 4

Tatex: TU%{'U'BLIG BOOTH PARA

O FERRANDY TELEFONO TW

40-31-02
Cable; AADIUM Montevides

VENEZUE!
Hﬂzﬂﬁﬂ Packard du Veaerela

G

P81, Box 50833

Caracas 109

Los Ruices Nose

3a Transyersat

Edificia Segre

Caracas 107

Tt 35-00-11 (20 lines)
Tatex: 2546 HEWPACK
Gable: HEWPACK Garagas

FOR AREAS NOT LISTED, CONTACT:

Hewleh-Packard
trter-Americas

3200 Hiltview Ave,

Palo Alta, Cmarma 84304
Tk (4135) 8561501
ETE}-S?S 2250

3 PACK Palo Afts

B EW!
Te!ex 034-530C, 094-5483



EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRIA
Hewlatt-Packard Gos.m.b.H.
Hanﬂels&al 52

% 7
A~I205 Viema
Tei: 384520-29
Ganle: HEWPAK Vienra
Telex: 75823 hewpsk &

BELGHIM
gew;eﬂ -Sackard Bansiux

dvenut du Cosvien, 1,
(‘menkmlglaan)

1170 Brussels
Yel: 102} 550 00476722240
Gable; PALGBEN Bressels
Teien: 23-434 palehen dry

CYPRUS

Kypronics

1% Gregorios Xenepouits Sireet
7.0, Box 1152

MI:D!IE

Tei: 4582

{able: Kyp:omcs Pandshis
Talex: 3018

CZECHOSLOVAKIA
Vyvojova a Pravoant Zakiadng ch
Vysumnyeh Ustavte v Bachovisich

{55R-25087 Bechovice 1 Prahy
1

Ter 39934
Taige: 121332
institute ol Medical Bionics

Wskumvzy iJstav Lekarska} Bioniky
Jadiovi

£5-88346
8?([54&“—6{!1195;.

Tefox: 33229

DR
Entwicklungslanot dee T Dresden

chsnmmgsinsum Mainsherg
Dy

Wais?ulmf Maingberg

Telex: S18Y41

Export Contact AG Zuarigh
Guenthar Fargbes
Schieqelsrasse 15

1040 Barlin

el 42-75-12

Tolex: 111588

men Packam NS
ave}
DK-3480 Birkarod
Tel: {623 8! BB 45
Cabie: HEWPACK AS
Telex: ST408 fpas dk
Hawlet-Packard IS
Navervg 1
K800 Silksnorg
Tat: (06) 82 71 66
Tafex: 37409 fnpas dk
{ablar HEWPACK AS

EQYST
LEA

mlmaemal Enginegring Associles

24 Hussels Hegazi Stregt
Kasr-e-Aini

Cairo

Tel. 23 829

Talax: 2067

Cable: INTENGASSD
Maohamed Sami Amin
Sami Amin Trading Otfice
8 Abdel Azir Gawish
Abdlne-—:.‘anro

24332
Gab\e SARITRO CAIRD

FINLA|
Hewla!lvacam o
Naibathousurti 5
£.0. Box &
SF‘ 211 Hetmierki 21

Cable I;EWPAGKHY Helsinki
Telex: 12-1563 HEWPA SF

s

FRANCE

Hawiett-Packard france
Quartier/te Cautiabosid
Hofte Posiaie No, §

F-D130t Orsny Caﬁlx

Tel: (1} 40
Cable: HFWFACX DEEE‘_"
Telex!

Fiewizm Paalmm France
Bureay ge veme de Lyon
"L Sagquby

Gh-mm s!es Houllias
r 59130 Ecully Gidox

} 33 8126,

C&n : HEWPACK Eculy
Telex: 31 06 17
Hawtatt-Packaed France
fureas de vente de Toioose
Pdricanive 4o 1z Cdpidre
{hemin 46 la uﬂmers 20
F-31300 '!ouiwsa-\,.a Mirall
TeiIEML

Gable: EWPA(‘K 51957
Talex: SHPST

Hawkatt- Pa::kzrd Franes

Le Ligaun

Buteay do vame o Marsitios
P\aca Raude de Villahueye

Hewlerl-Packard Gmbi
Yahnisches Blro Hamburg
Wentanstaasse 23

D-2000 Hambu

Tal: {54 24 13

Cable: HEWPACKSA Hamburg
Tolex: 21 63 032 nphn d
Hewlett-Packard Gmot
Techmsches Biro Hannover
Am Grossmarki §

D-3000 Hannaver 81

Tel {05117 45 60 Gt

Telex: 932 3259
Hewlett-Packard GmbH
Technisches Biro NEnderg
Nsumeyerslrassa 80

'Fﬂ (99“3 56 34] 83
Teigx: 3623 &

Howlati-} P:chafd BmbH
Technisches Bire Manehen
Eschenstrasss §

0-8021 Tautkirohan

Yot {08 81171
Howist-Packard Gk

Tel { !5 4t

Capie: HEWPACK MARGN

Talgw 418770

Howlah-Packari Franse

Buroau de venta e Asnnes

2, Meezﬁe la Soumgnette
1124

F 35100 Rlnnn Cédax

ol (99 51
Cab!e: HEWPAE!K 74912
Teiax: 740812
Hewlatt-Packard France
Burvaw 40 vARE de S:msshaum
i, rus i Ganai de la Mame
67300 Schitighaim
Tai: (88} 83. 98 10/83.11.53
Teiax: 49014
Cabla: HEWFACK $7RBG
Hawiptt-Packard France
Burgay g8 vem dg Lilia
Irmeubin Péricantre
Rus vas Gogh
F-58650 Villeneuvs 4 Astt)
Tel: {29) 91 41 25

ﬂwﬂuﬁ Packard Fance
Bureau: de Vi

Centre ¢' aifarras Paris-Hare
Batiment Ampére

Rug 48 I Gommune 6¢ Pasis

£:94153 La Blans Masnil Codex |

Tab: (07 831 B0 50
Hewtetl-Packard Francs
Hyraau de vonie de Bordoal
Ay, du Pt Keenety
£-33700 Mariguac

Tek: {863 87 )

GERMAN FEDERAL REFUBLIC

Howistt-Packard GmbH
Vartriabszentrale Frankiunt
Barngr Strasse 147
Pogttach 5B 148
2-6000 Frankfurt 56

Cahii HE\;Y?AGKSA ank!uﬁ
Telax: 34 13249 hopdira
Hawlett-Packard Gm!!F
‘Fachnisches 8o Bbhingen
Hegranberpes Strasse £

B-7038 Bnbliﬂm Vlrtemberg

Tek: {878 JV

Cabler HE PABK Atitingan

Tolex: 07265730 bbn

Hewrieti-Packard GmbH

Techaisches Sdrp Ddssaldort

Emanier eutre-Str_1{Setsten)
4300 Dhismaldor!

Tet: (0211) 58111
Felex: OBB/EG 533 npdd o

Biro Badin
Raiinstrasse 2.4
01608 Burlin 30
ol {230 24 90 86
Tolex:018 3405 hpbin d
GREECE
Kastas Karayaanis
& Omirou Straet
Athans 133
Tel: 32 30 3033237 T
Tela: 21 59 52 AKAR GR
Cabie: RAKAR ATHENS
uaéymz! Qaky
INTEGD
G. Fapamanasssuu &Ca.
7 Mas Sirgst
Atheang i
Tek 5522 9155221 989
Teiex: 21 6329 INTE GR
Cable: INTEKRIKA

Hewien»Packam alizniz 5.p.A,
pucei 2

201 nG.

Tek: {62} 8251 {10 fines}
Cabis: HEWPACKIY Miting
Teto: 32046

Howistt-Packart {teliang S.p.A,

Via Peliizto 9

1+35100 Padove

Tel: {045) 66 48 B8
Telax: 41632 vewnacki

Vi G Armatint
H}E}‘I a3 Huma
ek {06} 54 58 61
Taigx; 61514
Cable: HEWPACKIT Roma

Hawlatt- -Packard ;taahana S.p.A.

Hawlef#-Packard [tafiana 5.p.A.

Corso Giovanni Lanza 84
10133 Tanino

Tek{011) 632245/659308
MedicaliCalcutators Only

. Hewlstt-Packard alana S.p.8
rfaa Principe wal: 43 GG

Tel: (095} 37 05 (M
Hewiett-Packard Iliana S.p.A,
Via n\mmlnu Vespuccl 2

50442 Napoli

Tal: fﬁll‘l} WITH

Talax: §1.51.4 Via Reme
Hewlat-Packarg Hajkans S.p.A.
Viz £, Magi, 9/8

40117 Bologna

Teai: {51 30 78 087

JOHBAN

Mouagher Cousips Go.

P.0. fox 1387

Gable: MOUASHERCD

KUWAIT
Abxnamnﬂ Trading &

P G Em( aa&s;tm

Medical Only Kuwait
Teranomed Halias L1, ?!;2;?&?!:! 172;2
52 Skaula Straet B razy
mmﬁﬁa& h Cabla: VISGDUN‘F
Teb: 328 078 LUXEMBURAG
Teiex: 21 4693
Eable: ETALAX Hpwiett Packatd Benslux
HLINGARY Aveniue ou Col-Vert,
MTA mmmmam;
as B-11
Sagi Tek m') 872 22 40
m& Pickald Service Cahla: PALOBEN Brussais
Lepin Kt 67, F,0.Box 24t Taiex: 23 484
1394 Butape!
Yol 42 03 38 MOROCCG
Falex: 225114 51 rue Karmhl
ICELARD
o Cor i ;GE 2222:15'3!2!‘?’!82133
Fiding Yrags Ry ine. Biex:
Hﬂ:gmvoil - Tryppvagdt Cable: MATENG
£.0.Box 885

-Raykjevik
Tat: ZVEJB 287t 63 03
Cable: ELDING Raykjavik
IRAM
Hewieti-Packard tran Lid.
Hg. 12, Fourteanth St

Mir Emad Avenug
P.C. Box 442410
Tahran

Tl 651082-3
Tolax: 213408 hawa It
188

AND
Ha’wlusﬂl Par.iiard d.

Tal (0734} 34174
Teiax: 847178
Gable: Hewnis Londan

Gareg i
190 Blvd. Br&ham Routant

Cassbimne:

el 25 16 75!25 40 98
Taiex: 23738

Caple: GEREP-CASA

Zf?ue d' Agadie, B.P. 155
Casablanca

Tek 27 65 48

Teiex: 21 737

Cabia: COBEDR

NETHERLANDS

Hawiett-Packard Baneiux M.V,
Van Heuven Gosdhaniaan 121
P.U

55?
1134
Ta! iﬂED} 4? 202t

Gahle: PALOBEN Amsterdain
Tedox: 13 215 hopa nt

NORWAY
Hawlett-Packard &/S
Osterdalen 18

.4, Box
N-1345 Ostovans

Tei: (02} 1777 80
Telax: 16521 hpoas &

POLAND

Biure intoemacl Technicznst
Hﬁwlm!vﬁacka:d

5] Slawiﬁ

gy

m
Tel: 33 25 06139 ﬁ? a3
Talex: 81 24 53 hapa pl
UMIPAR

Biute (ibgeni Techniczne]
{1-447 Werkzswa

ul Newslaika &

Patand

Zsktadﬂr Nzgmwcee Sprzals

Plas Kumﬂ.my Parysk:e; L]
007 Ladd

Tel: 334-41, 33783

Telex; 636381

PORTUGAL

Teleewa-Ernpiresa Técnica de

Egtipamentos Elctricos 5.2.0.1
Rna ﬁsdngo €2 Fonsece 103

P Lé

Tak t!{?

Caaia EE.ECTR.\ Lishon

Maalﬁ m

E;\lm'ulm%nu Mungiat de Comérate

1.

P.0. fox 2781

Avenida Anluﬂu} Auqusm
- L bo

Tel {!2) 63 21 3117

Cah:a mreﬁmusm Lrsam
RUMA,

Hewiett Pamm ﬁeprezmma

Bd it Balmsm

TeE: ES Eﬁ 231!3 88 85

Tolow: 18440

1LR.US,

Intreprinderea Paniry
Intratinarea

$1 Repasarea titliajelor do Galoul

Bethusd Prot D mlms #nmnai 8

Bucuresti-Sact

Telea: ¥

SALUDI ARABIA

Mocern Elactzonic

Establshreent (Hend

Dt’ﬂca":k
P.0, Hox 1228, Baghdadlah Strest
Jeddan

Tal 22'4?9“6
48
Ca!zk‘s ELECTA JEDDAH

Modern Flectranic

Clb RAOLEFCG

Modem Eleciionic
Establishmant {Braneh}
P.G. Box 183

Tol: 44B76-44813

Tebex: 67044 (TESTA

Cabie: ELECTA AL-KHOBAR
SPAIN

Hewiait-Packard Espufioia, 8.4,
Cwe Jeruz

Tui: (!! 45& 28 DO {13 taes)

Hew\en-Packm! Es;)ano-a 54
Mshnas:ec 24

E-Bar

Tal (3) 2133 BEE)G} {5 fings)
Tetox: 52603 hpbe ¢

orul
Tel B&'?‘O 10, 88-24- 49 B8-67-85
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Hewiglt-Packaed Sverige AB
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Stockholn

Hewlstt-Packard Sverige AR

frotal!sgalzn 30

5421 32 Vdsira Frotunda

Tat: {031) 49 40 50

Telen: 10721 via Bromma office

SWITZERLAND

Hewigtt-Packard (Sehwelz) AG

Larenerstrasse 25

P06 Box 307

Ci-0552 Schilersn-Lurich

Tei {01} 7305240

Telon: 53933 haag ch
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Chiteau Bloc ¢

Teiox: 27333 &
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Cabig: HEWPACKAG Geneva

SYRIA
Ganeral Elecizonic inc.

Nuri Bashe-Ahnaf Ebn Kays Street

P.0. Box 6741

Damsatua

Tet: 33 24 87

Talew, 11215

Cabla: ELEC'TRHBOﬁ DAMASCUS
MadicalfPersonat Calcuiator oaly
Sawah & C6,

Plage Azme

&.P. 2308

Damascus
Tel: 16 367-19 69714 268
Telex: 11304 SATAGD SY
Cabte: BAWAH, DAMASCUS
Subaiman Him! £ Mlawi
B0 Box 2528
Mamoun Bilar Street, 56-50
Darascuslel 11 46 63
Telex: 11270
Cable: HILAL IAMASCUS
TUNISIA
Tunisin Elactronigus
3% Avenud d¢ ta Liberia
Tunis
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Tunis
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Tel 250308 1788 26
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Cablg: OZYUREK ANKARA
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#.0. Box 1841
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Tel. 241213

Talex: 81726 EMITAC SH
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UNITED KINGDOM
Hawlet-Packard Lid.

Xing Strast {ane

bt Wmnarsh Nokmqham
Berxs, RG1Y

e (0?34) ?ﬂ 4? 4

Gt i 1.omgten
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Hewiett-Packard L1¢.
Tradalgar House
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Hewlet!-Packard Ltd,
Lygon Lourt
Hereward Rise
Dud\ey Road

Halas:

West Mnd\aruss BEZ 830
Tad: {021} 550 9911
Tetex: 339105

Hewigt-Packard Ltd.
Wedge House

784, London Road
£B-Thornlon Hoath
Surrey OR4 811

Tes: 404) 684 G038
Telex: 948825
Hewlatt-Packars Li¢
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ubiln 12
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Hewiet!-Packard
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ewleH-Packard Ges.m.b.H
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HEDITERRANEAN AND
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NOT SHOWN PLEASE CONTACT:
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35, Koigkstiont Street
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Cabie: HENPAGKSA Geneva

UNITED STATES

ALABAMA

P.0. Box 4207

4290 wz\rﬁesbua'g Or.
Huntsvitle 35602
Tek: iZGS} BE1 45H
8933 £, Rorbuyck Blvd
Birmingham 35306
Tel: {205} 836-220372

ARIZONA

2338 E. Mggrofia St.
Phoenix 85034

Tel: {602} 244-1361
2424 fast Aragon Rd.

Tucaon 85708

Tel: (602] 885-4661
"ARKANSAS
M%d\ca- Serv::n: Uiy

Braty Statlon
Littie Rock 712215
Tel {501} 376-1844

CALIFORNIA

S606 hece Drive

Tel: (TH} 275-3200
*Tarzene
Tel {213} T05-3344

COLORADD
5550 DTG Parioway
Englewoad 80110
Tek (303) 771-3456
CONNECTICUT
12 Lonar Drive

Naw Haven 08525
19.1 {203 389-&55!
TWX: T10-465-2028
FLORIDA
2.0, Box 24710
2737 N.W, G2nd Strest
£t Lauderdale 13309
Tei: (305) 973-2680
«642& Emerson Steet

143% East Otang
Fulierton 92631
Tai: {714} BTG-1000
3839 Lankershim Soulgvard
Norlh Hollywood 91804
el (213) &77-1282

TWK 310-488-2671

5400 West Rosecrans Bhed.
P4, Box 82105

Woarld Way Postat Ceater
Los Angeles 60003

Tel: {233} 676-7500

TWX: D18-335-6808

pat Ave.

“Los Angeies

Tek (213) 776-7500

3003 Scott Boulevard
Sante Clara 95050
Tal: (408} 2437000

TWX $10-338-0318

‘Ridgecrast

Tek {714} 446-8165

548 W, North Marxat Bivd
Sacramanto §5834

Tel: {816} 929-1222

Tok: (904) 725 6333

P.O, fiox 13310
B177 Lake Hienor Dr,
Criando 32800

Tel: £305) 8592000
2.0, box 12826
Sule 5, Bidg. 1
Offiee Pask Noth

Pansacola 32375
Tek [904) 4755422

GEORGEA

PO

450 Lmtrstate mnn Paruway
Atlanta 30348

Tel: {44} 955-1560
TWICH15-T46-4880
Madiza! Service Onfy
Augusta 30903

Tel; {464} 736-0582
2.0, Box 2183

H172 §. Davis Drive
Wearner Aobins 31088
Tek: (912} 822-0448

HAWAII
23?5 So King Strent

Ml
?a! EBE)E) 9554485

5291 TOIWEW or

Roliing Maadows 80008

Tek: (312) 2855800

TWX: 910-087-2260

IROIANA

7301 Horth Shadsiand Ave,

Indiangpolisd6250

YUi (31 842-1050
2601797

2415 oy floed

lowa City 52240

Tek: (419} 238-8468

HERTUCKY

Madicar Bn!y

3361 Atkinson Dr,

Saile #W Mkmson Square

Lottavilie

Tei: (507 456-15?3

LOUISIANA

PO, ox 1440

3229-39 WHiizms Boutevard
anmer 70653

Tak: (504} 4436201

MARYLAND

G707 Whiteslons Road
Baltinore 71207
Talh {301} B44-5400
THX: T10-862:9157

2 Choke Cherry Ruag
Bockvilte 20850

Tal (30%) 486370
TWK. 110-528-8684

MASSACHUSETTS
32 Halwell Ave,

L‘!ir!?lmﬂ?f?ﬁ
Te: (617} 8518860
T 710-226-6904

MCHIGAN

23855 Research Drive
Farmi n Hilin 48024
Tel: (313} 4T6-8400

724 West Cantrs Ave,

Kaiarnazoo 40002
Tal: [508) 323-8362
MINNESOTA
2400 N, Brior Ave,
S Paul 55113
Tek: (612} 836-0700
MESISSIPP

322 N. Wart Plaza

Jankaon 39206
Tel: {501} 982-8363

MISSCUR!

13131 Colgrada Ave.
Kanaas Sl 5413?
Tel: {BY &

TN §10-771- 208?
1024 Exucuthve Parkway
St Louis 63143

Tl {34} 678-0200

NEBRASKA
edlcal Dnz
7E7’l Mmy nat

0 108
Teh: (402) 392~UQ48

NLE.VAVDA
Lan 8
Tal: {735:9?35@6;0

NEW JERSEY
W, 120 Ceatury Rg.
552

Tal: (201} 265-5000

THX: 710-99G-4951

Grystat Srook Profagsionat
Buliding. Raute 35

Ealontown 47724

T2l (201} 542-1384

NEW BMEXICO

PO, BDK 13634

Station

mou La'nas Sivd., H.E
Albuguertin 57123
Tal: (505) 2921331

TWX: 950088 1185

56 W at%" Divy
i.,us Crucn BEOOY
Tei: (505) E26-PAR4
TWX: 3140-9983-0550
NEW YORK
£ Agtomation Lane
Computer Park
Aloany 12208
Tek: (519} 4881550
TWE: 710-444-5561
650 Perlinton HE: Gtica Park

4450
Tai T?‘ﬁ} 2238950
TWK 510-259-0082
5856 East Moiloy Road
{1t

Symacuse
ol (315) 465-F486
1 Grossways Park West

Woudbur!
Tat; {516} 921-0300
TWY: 510-221-2183
MORTH CAROLHA
5805 R

reenlburu 27405
Yel (919) 852-1800

Medrmucampuzes only

3 G%

13 E, Kem r HG
Lincinnat

Tol: 1543} 67’3—7&05
18500 Spragus Road
Chavainnd 44130

Tet (216} 243.7300
TWX: B10-423-8430
330 Progress Ad.
Daylon 46448

Tai: {5t0) 8E0-8202
1941 Kingsmitl Patkway
Coiumbus 43229

Tuk: {B14) 435-1041
OKLAHOMA

£.0. Box 32008

6301 N. Merldan Avanue
Ckiahome City 73112
Tek. {808} F11-p200
4THE 8, 100t E. Avenue
Sranl Blgg.

Yiglwa 74145

OREGON
17890 5W Lowar Boanes
Fe Roatt

Tunl Ii 41082

*’ﬁ‘ {500} 620-3350

PENNSYLVANIA

111 2ot Drlve

Pistgburgh 15238

Tab: (412} TH2-0400

1021 Bih Avante

Hing of Prussia Industrial Park
King of Prussia 19408

Tat; 235[}] 2657008

TWK: 510-660-2670

PUEATO AICO

Hawlet-Packard Intar-Amaricas

Puerio fico Sranch Office

Caita 272,

Edif, 203 Urg. Country Club

Caroling 20924

a6 {809} 762-72855

Taiox: J45 0314

SOUTH CARCLINA

P 0. Box 6442

5941-0 ¥, Trennoim Road

Celumblia 29260

Tat: (603} 747-6493

TENNESSEE

8914 Kingston Plke

Knoxville 37922
. Tek t815) 523-0822

P27 Yanguard Dr.
Dizazior's Plaza

Mem&hb 38131
Tel: [43) 346-8370
“Naghviile

Medica| Sarvics only
Tel: {515) 2445448

TEXAS

4171 North Mesa
Sulta C112

El Paac 75602
Tek (915) 533-385%
2.0, Box 1270

201 £, Arapanhe Ad.
Highardson 75080
Tek: {214) 23610

P.0. Box 42818
10535 Harwis D7,

Hougton 77038

Tek, (12} 776-0400
‘tubbock

Medical Service Dr:lg'
Tel: {806} 733-447
206 Billy Michell Boad
Gen Antonio 16216
Tal: {512) A34-A74Y

UtAR N
2960 Soutn 3270 West Strest
Salt Lake Clty 84119

Tk (80 972471

VIRGINA

2.0, fox 12778

Na, 7 Koger Exgc. Center
Suite 212

Nortolx 23502

Tei (sv4)4s1 4025

P9, Box 3§

2014 Hu;aqa;y Springs Road
Richmand 23228

Tek {304} 286-34H

WASHINGTON

Bellatinld Difice Pk,

1203 mt*s Ave. S.£
Baltavie 33034

Tel: [205] A54-287¢

TWIC S10-443-2446

WEST VIRGINIA
MadicaifAnatylicat Daly
Charleston

Tai: §304) 345- 1640

WISCONSIN

9004 Wast Lincoln Ave
Vazt Allis 53227
Tel: {414) 541-0550

FOR 1.5, AREAS NOT LISTED:
Coatact the seciondl office

sparest you: Adanta, Georgis...

ot Holywood, Sakkimmi. .
Ragkville, Marylang. . Roling Meadows,
Havls. Their omplets

aditressts are iFsted abve.

‘Service Only [ifEgi]









