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SAFETY SUMMARY

The following general safety precautions must be observed during all phases-of operation, 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 thesinstrutnent. Hewlfett-Packard Company assumes no liability for the

customer’s failure to comply with these reqguirements.

BEFORE APPLYING POWER.

Verify that the product is set 10 match the available line
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 conrnected to an elec-
trical ground. The instrument must be connected to the ac
power supply mains through a three-conductor power cable,
with the third wire firmly connected to an electrical ground
(safety ground} at the power outiet. For instruments designed
to be hard-wired to the ac power lines (supply mains), connect
the protective earth terminal to a protective conductor before
any other connection is made. Any interruption of the protec-
tive {grounding} conductor or disconnection of the protective
sarth terminal will cause a potential shock hazard that could
resylt in personal injury. i the instrument is 10 be energized via
an external autotransformer for voltage reduction, be certain
that the autotransformer common terminai is connected to the
neutral (earthed pole} of the ac power lines {supply mains}.

INPUT POWER MUST BE SWITCH
CONNECTED.

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

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE.

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

KEEP AWAY FROM LIVE CIRCUITS.

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

DO NOT SERVICE OR ADJUST ALONE,

Do not attempt internal service or adjustment uniess another
person, capable of rendering first aid and resuscitation, is
present.

DO NOT EXCEED INPUT RATINGS.

This instrument may be equipped with a fine filter to reduce
electromagnetic 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
& will be marked with this symbol when it
is necessary for the user 10 refer 1o the
instruction manual {refer to Table of
Contents}.

Indicates hazardous voltages.

indicate earth (ground) terminal.

)™
;—

The WARNING sign denotes a hazard. It
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.

WARNING

:

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.

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.

Instruments which appear damaged or defective should be made inoperative and secured against unirtended operation yntif

they can be repaired by qualified service personnel.
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GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This supply, is designed for applications
requiring a constant current source with a high
degree of regulation and stability and very low
ripple characteristics. The use of a three~posi-
tion output RANGE switch and a 10-turn output
CURRENT control result in resolution down to
0.5u¢A, Special attention has been given to circuit
detalls 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-
tion characteristics, Since the positive output
voltage is held egual to the guard voltage, it is
also used to drive the front panel voltmeter effec~
tively isolating the voltmeter from the main supply.
This prevents the usual output degradation associ-
ated with connecting a voltmeter across a constant
current supply.

1-4 The supply is completely transistorized (ali-
silicon) and ig suitable for either bench or rack
operation. It is of the Constant Current/Voliage
Limiting type that will furnish fuil rated output
current at the maximum rated output voltage or can
be continuously adjusted throughout the output
range. The front panel VOLTAGE control is used to
establish the output voliage limit (ceiling) when
the supply is used as a constant current source,
This control is continuously variable throughout
the entire voltage range. The front panel CURRENT
control can be used to establish the outpui current
limit (overload or short-circuit) if the supply is
used as a voltage~limited source.

i-5 A sgingle meter is used to measure either out~
put voltage or current, The dual selection is ag-
complished by a METER switch on the front panel.
Qutput current can be measured in one of three
ranges in accordance with the RANGE swiich set-
ting on the front panel, Output voltage is méasur—
ed in only one range,

1-& The power supply has both front and rear ter-
minals, Either the positlve or negative output ter-
minal mav be grounded or the power supply can be
operated floating at up to a maximum of 300 Voits
off ground (added safety precautions should be
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taken to protect the operator when the suppiy is
used in this mode).

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

a, Remote Programming. The power supply
can ke 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 direction using this
technigue. Remote programming speed is less than
bmsec 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 involving 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 Ne. 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-
stalled for 230-volt operation. A

label on the rear heat sink identifies
the line voltage option.
convert an ingtrument from one line

voltage option to the other by follow-
ing the ingtructions in Paragraph 2-18.

1-12 ACCESBORIES

1-13 The applicable accessories listed in the fol-
lowing chart may be ordered with the instrument or
gseparately from your local Hewlett-Packard field
sales office (refer to list at rear of manuzl for ad-
dresses}.

@ Part No. Description

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

5060-8530 Filler panel to block unused

half of rack when mounting only -

one unit,
1-14 INSTRUMENT IDENTIFICATFON
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,

{The usger can

part ig the serial number prafix, consigting of a
number~letter combination denoting the date of a
significant design change and the country of man- .
ufscture, The first two digits indicate the year
(10 = 19870, 11 = 1971, etec.); the second two dig~
itg 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 supplied 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.
additional manuals may be purchased from your
jocal 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:
115Vac +10%, single phase, 48-63Hz,
0, 6 amps, 55 watts {nominal)

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

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

LOAD EFFECT {LOAD REGULATION}:

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

RESOLUTION:
0. 03% of range switch setting

PARDY (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 Lo
within 1% of the nominal output current following
a full load change in cutput voltage.
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Table 1~1. Specifications, Models 6177C and 6181C {Continued}

PROGRAMMING SPEED:
Less than & milliseconds are required to program
from zero o 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 {(Accuracy: 1% of output

plus 0. 04% of range)

Model 6177C:

Model 6181C:

Voltage Programming (Accuracy:

500mA range
50mA range
SmA range
250mA range
25ma ranga'
Z.5mA range

plus 0, 04% of range)

Model 6177C:

Model 6181C:

500mA range
50mA range
SmA range
250mA range
25mA range
2. Smd range

4n /ml
40n/mA
400n/mA
20a/mA
200a/mA
2000n./mk

0. 5% of output

2mV/ma
20mV/mA
200mV/mA
10mV/mA
100mV/mA
1V/mb

| VOLTAGE LIMIT REMOTE PROGRAMMING

COEFFICIENTS:

An external resistance of 870~ per volt in the
Model 6177C or 435~ per volt in the Model $181C

will program the voltage limit to within *25% plus
1 volt. A voltage input of 1 volt per volt will pro-
gram the voliage 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
S5mA 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 IMHz. Above 1MHz, the
output impedance is greater than the formula
would indicate. '

DIMENSIONS:
Sse Figure 2-1

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

2-1 INITIAL I!:ISP%ECTION

2-2 Before 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
occurred in transit. Save all packing materials
until the inspection is 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 denis and scratches,
and that the meter is not scratched or cracked.
2-5 ELECTRICAL CHECK

2-6 The instrument should be checked against
its electrica} specifications. Secticn V includes
an "in-cabinet" performance check to verify proper
instrument cperation.

2-7 INSTALLATION DATA

2.8 The instrument is shipped ready for bench
operation, It is necessary only to connect the in-
strument 1o a source of power and it is ready for
operation.

2-9  LOCATICN

2-10 Thi¢ instrument is air cooled. Sufficient
space should be ailotted 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 used
in an area where the ambient temperature does not
excead 40°0,

2-11 QUTLINE DIAGRAM

2-12 Figure 2-] illustrates the outline shape and
dimensions of the 6177C and 6181C supplies.

2~13 RACK MOUNTING
7-14 This instrument may be rack mounted.in a

standard 19 inch rack panel either alongside & 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

ADAPTOR FRAME MVIDER AND

END CLAMPS

Figure 2-2, Rack Mounting One and Two Units



2-16 INPUT POWER REQUIREMENTS

2-17 A label on the rear of the supply identifies
the line voltage option of your supply: 11oVac
for the standard instrument, or 230Wac for Cption
028 instruments. The inpul power required at
full load is 55 watts; input current is 0. 6 amps
with a 115Vac inpui or 0.3 amps with a 238Vac
input.

i

CAUTION

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

2-18 CHANGING THE LINE VOLTAGE OPTION

2-19 1f 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 source 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 bottom cover to the rear and off, Set the in-
ternal switch for the desired input voltage, 115 or
230. Replace the cover. -

2. Replace the rear panel ac fuse (F1) with
one of the proper rating for the voltage to be ugsed.
For 115Vac operation, use a normal time-constant
250V 1-amp fuse {HP Part No. 2110-0061}); for
230Vac operation uge a normal time-constant
250V 1/Z2-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
Blectrical Manufacturers Assoclation (NEMA) re-
commends that the instrument panel and cabinet

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

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

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

2.93 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 iliu-
atrates the standard configurations of power cord
plugs used by HP. Above each drawing ig 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
instrument.

2.24 REPACKAGING FOR SHIPMENT

7-.25 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-Packard field office

to obtain the materials. This office will also
furnish the address of the nearest service office
to which the instrument can be 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 1l
OPERATING INSTRUCTIONS

i

DAy
AMPERES

1 CURRENT SOURCE
PAGKAREY  O-80Y O-50DMA

Figure 3-1,

3-1 TURN-ON CHECKOUT PROCEDURE

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

a, Set line/meter switch {1) to VOLTS and
cbserve that LINE light {2) goes on.

b, To select voltage limit, adiust VOLTAGE
contrel {3) until front panel meter {4) indicates
desired output voltage (no load connectad),

c. VOLTAGE LIMIT lamp {5) should be on
with no load connected.

d. To select constant current output, turmn-
off supply and short + and - output 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 OCPERATING 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 their



raspective terminals, The operator can ground
either terminal or operate the power supply up to
300Vde off ground (floating)., If one outpuf termi-
nal is to be grounded, the ground conneciion must
be made at the front panel 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 operaticnal capa-
bilities of the powear supply. A more theoretical
description concerning the operationsl features of
this supply is contained in Application Note 90,
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/Voltage Limiting, local pro-
gramming, single unit mode of operation. This
strapping pattern is illustrated in Pigure 3-2, The
operator merely selects a constant current output
using the front panel controls {local programming,
no strapping changes are necessary),

+ AQ Al AZ A3
20

DEERE
SR

[\
je|olo]

- A4 A5 AG

Figure 3-2. Normal Strapping Pattern
3-8 CONSTANT CURRENT
3~9 To select a constant current output, proceed

as follows: :

a, With output terminals shorted or open
{(see NOTE}, adiust CURRENT conirol for desired
ouipul current.

b. With output terminals open, adjust VOLI~

AGE control for maximum ouiput voltage allowable
(voltage limit}, as determined by load conditions.
If a load change causes the voltage limit to be ex-

3-2

ceeded, the power supply will automatically cross-
over to ¢onstant veltage output at the preset voli-
age limit and the output current will drop propor~
tlonately, When this occurs, the VOLTAGE LIMIT
tamp 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 voltage
that is available in excess of the rated output.
Although the supply can be operated in this shaded
region without being damaged, it cannot be guar-
anteed to meet all of its performance specifica-
tions. However, if the line voltage is maintained
above 115Vac, the supply will probably operate
within its specifications.

3.14 OPTIONAL OPERATING MODES
1-15 REMOTE PROGRAMMING, CONSTANT CURRENT

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

auppiy.

3-17 Resistance Programming (Figure 3-3}, In
this mode, the output current varies at a rate de -
termined by the remoie resistance programming co-
efficient, This coefficient is different for each
output current range, as shown in Table 1-1 of
this manual., The programming cosfiicient is dg =
termined by the constant current programming cur-
rent which is adjusted to 500 £5pA at the factory,
If greater programming accuracy is required, it can
be achieved by changing resistor R35 as outlined
in Section V.

+ AQ Al A2 AB

aLg PROGRAMMING
RESISTOR

[
A6

— A4 AS

Figure 3-3. Remote Resistance Programming,

Constant Current

3-18 Use stable, low noigse, low temperature co-
efficient programming resistors to maintain the
power supplies temperature coefficient and stabil-
ity specifications, A switch may be usad to set
discrete values of output current, A make~hefore-
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 musi be taken to avold leakage
current paths from the programming source to the
negative cutput 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 Volts (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 500uA programming current, flowing into
terminal 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-



tng) this 500uA current and the second restriction
ig that, if the programming terminals are opened,
the programming current will cause the output cur-
rent to rise to an excessive level {refer to CAUTION
note of Paragraph 3-18), Protection resistors,
previously mentioned in the CAUTION note, can bhe
emploved to limit the output current to a safe value
under any conditions, .

3-22 If the® user finds that his voltage source can-
not sink the 500pA programming current, the pro-
gramming current path to terminal Al can be opened
by removing resistor R37 from the main printed cir-
cuit board, This does not detract from the voliage
programming performance in any way; but does
eliminate the need for sinking the programming cur-
rent, Opening R37 also obviates 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 output current.

3-23 If the negaiive output terminal of the suppiy
is grounded, the voltage source must be floating
(ungrounded). In addition, shuni leakage paths
from the floating source to 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 protection against
leakage, If this method is used, ensure that the
case is not grounded by any other means; such as
the power line.

324 REMOTE PROGRAMMING, VOLTAGE LIMIT

3-75 The voltage limit of the supply can be pro=-
grammed with a remote resistance or voltage source
if required, Note that the front panel 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 — 870~ per Volt for Model
6177C or 435 ~ per Volt for Model 6181C. The volt-
age programming current is 1.15mhA {Model 6177C)
or 2. 3mA (Model 6181C) and is factory adjusted to
within 25%. Adjustment of the programming ac-
curacy can be achieved by changing resisior R6 as
described in Section V.

3-27 A switch can be used in conjunction with
various resistance values in order to obtain dis~
crete voltages. The switch should have make-
befcre~break contacts 1o avoid momentarily open=-
ing the programming terminals during the switch~
ing interval, Opening the programming terminals
(A4 and Ab) causes the output voltage to rise above
normal and may damage the load device,

3-28 Voltage Programming (Figure 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 willvary in a 1 to 1 ratic
with the programming voltage {voltage source).
Similar to voltage programming the cutput current,
Paragraph 3-1%, 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

Yowd

VOLTAGE

R 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 isvlates 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,

4+ AG AL A2 A3

2 |
@

- A4 A5 A6

IR

Figure 3-7, External Voltage Monitoring

NOTE

The external voltmeter must not draw
more than lmaA from the auxiliary
source that provides the guard voli-
age. A& current drain in excess of 1mA
will sericusly impair the operation of
the power supply.

3-31 EXTERNAL AC MODULATION

3~32 Figure 3-8 shows a method ‘of superimposing
an ac component on top of the adjustable de output
current of the supply, which is operating as a con-
stant current source, The de current level is con-
trolled in the normal fashion from the front 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: % Modulation =
Escurce (Pk=pk}/Rx {in Ka), Using the above for-
mula, the user would require an external resistance
of 2K. and a 2 Volts peak-to~peak input signal
from the external source to modulate a dc current
level of 100mA by 160%. In this case, the output
current would swing between 200mA and zero Am~

3-5

peres, The output current should never be atlowed
1o 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

3-33 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 to remotely program
the dc output currsnt 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 response to an increase {over the preset
limit} in the output voltage. Although the preset
limit may be set higher than the average output
voltage high peak veoltages (as cocur in pulse
loading) may exceed'the preset limit and cause
crossover to ogour, If this crossover limiting is
not desired, set the preset limit for the peak re~
quirement and not the average,



3-38 REVERSE VOLTAGE LOADING

3-39 Diode CR34 is connected internally across
the supply. Under normal operating conditions,
the diede is reverse biased {anode connected to
negative tarminal). If a reverse voltage is applied
to the output terminals (positive voltage applied
to negative,fzerminal), the diode will conduct,
shunting current across i This diode protects
the series transistors and drivers.

3-40 REVERSE CURRENT LOADING

3-41 An active load connected to the power sup=
ply may actually deliver a reverse cuirent to the
power supply during a portion of its operating
cycle. An external source cannot be allowed to
pump current into the supply without loss of regu-
lation. Diodes CR33, CR36, CR47, and CR48,
connected in serles 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 1o 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. Overall

4.1 OVERALL BLOCK DIAGRAM DISCUSSION

4-2 The block diagram of Figure 4-1 shows the
major circuits of two DC Current Sources, the
Madel $177C and the 6181C. The circults of
these two power supplies are similar except for
differing component values and rectifier circuits.
The 6177C uses a full-wave bridge rectifier and
capacitor filter to produce the unregulated volt-
age supplied to its current regulating circuits.
To produce a 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 a transistor circuit connected in series
with the rectifier or voltage doubler. The con-
ductance of this series regulator, and thus the
output current, is controlled by a negative fead-
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: 11 the voltage drop across some cufrent

sampling resistors connected in serieg with the
positive output terminal, and 2} the output volt-

age of an auxiliary regulated gupply ¢ailed the
guard supply.

4-5 The voltage across the current 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 cutput ranges.

4-6 The guard supply is & 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
useg the +6, 2V output of the reference supply as
its reference voltage. The 10-turn current control
on the front panel adjusts the output ¢urrent of the
main supply by varying the guard voltage input to
the comparator.

4.7 ‘The consiant current comparator 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 equal
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 rasult of the error signal the comparator produces.

4-8 When the supply is first energized, the turn-
on/turn-off control circuit limifs 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 volitage has two other
functions. First, this voltage is used to shield
the output conductors within the supply against
leakage currents. Sscond, it allows the output
voltage and cutrent of the supply to be metersd
without affecting the output of the supply. The
guard voliage can gerve both of these functions -
bacauge it is always exactly equal to the voltage
of the supply's positive output terminal.

4-10 Even small leakage currents that might fiow
between the output conductors of a regulated supply
can be slgnificant because they subiract directly
from the output current and thusg impair current
requlation. Thig is especially true at low output
currents. By surrounding the positive output con-
ductor with a copper conductor which is at guard
potantial, leakage is minimized because now there
ig 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



circuits of the supply. The reference supply's
+6., 2V output is the basic reference voltage for
the output 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 to limit thig
voltage to an appropriate value such as the masi-
mum safe voliage for the load being powered. The
voltage limit circuit consists of a shunt voltage
regulator whoge output veltage can be programmed

to the desired maximum output voltage of the supply.

The voltage limit in thase supplies can be set io
any value from 0.5 volts to the voltage compliance
of the supply (50Vdc in the 6177C, or 160Vde in the
6181 C). The programming current source 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 dlodes (CR41) is reverse biased and
no current flows, but if the supply output exceeds
the preset voltage limit, both diodes conduct and
the voltage limit circult draws sufficient current
from the current regulafor fo 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 isolation diodes

and the voltage limit circuit. )

4-15 To minimize leakage through isolation diode
CR40 during normal operation, the junction of
CR40 and CR41 is connected to guard pofential
through R16 in the voltage limit light circuit.
Diode CR41, then, has as itg reverse voliage the
entire difference between the programmed voltage
iimit and the actual output voltage. When volt-
age limiting oceourg, the voltage limit light circuit
detects the voltage drop acrogs CR40 and lights

a front panel voltage 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 used 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. These voltages are
measured with respect to supply common { V ).

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

4~3

volts across the temperature~compensated zener
YRE., 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 +1 2.4V
output constant.

4-20 The +6.2 volts across VRS also provides the
reference current input to the guard supply, Two
more reference supply outputs of +5. 6 volts and
-16. 2 volts are shunt regulated by VR12 and VR&,
A +24V unregulated output ig taken from the raw
dc input to the reference supply.

4-21 GUARD SUPFLY

4-22 The guard supply is a congtant voltage régu~
lator whose output is set by current control R40

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 conducteors and to avoid
having to draw metier current from the output of

the current regulator.

4-23 The guard supply consists of & differential
input stage, Q18, and an integrated circuit out-
pui amplifier, UZ. Constant current source Q22
biases the input stage. R40 ig connected as a
feedback resistor between the output of U2 and the
amplifier summing point at terminal Al. Because
the base of Q1838 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 current can be remotely programmed
by @ resistance or voltage input betwean terminals
Al and A2. 8ee Section [II {or remote current
programming instructions. )

4-24 The input of the differential amplifier is
protected from overvoltage by a limiting network
consisting 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 acrogs the output of the
guard supply to prevent the output from going posi-
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 4181C. 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 output
of the current regulator is ghorted,

i



NOTE

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

4-25 CONSTANT CURRENT COM?ARATORH

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

4-27 The constant current comparator consgists of
a differential input stage, Q19, a dual emitter
follower driver amplifier, Q23 and Q24, and an
integrated circuit output amplifier, Ul. Constant
current source Q21 biases the input stage. (VR0
serves as ths voltage reference for both bias cur-
rent sources, Q21 and Q22.) One side of the dif-
farential 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 switeh 82, R50 protects the inputs
of the constant current comparator and the guard
gupply by limiting the peak current that output
trangients can inject into them and also acts as

s fuse. Jumper J4, connected between the guard
gupply and the base of Q19B, is intended to be
disconnected during some troubleshooting proce-
dures. R46 is another zero balance adjustment.
Tt is set so that the minimum setting of front panel
currant control R440 corresponds to a zere ampere
output current.

4-28 (CRI3 and VR4 form a voltage limifer which
is connected internally through Ul-8 to limit

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

4-28 The output of the constant current compar-
ator acts as a variable current sink for the drive
current suppiied to the series regulator through
transistor Q31 in the turn~on/turn-off controi
circuit.

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 cwrent through the iront panel
voltage limit control, R81. Transistor Q2 com-
pares the voltage drop across its emitter resistors
to the fixed 6. 2 volts across VRZ, The value of
valtage limit programming current through REB1 is
adjusted by selecting the value of R6. The pro-
gramming current is_adjusted to limit the maximum
setting of R81 to 110% of the specified compliance
of the supply. '

4-39 VOLTAGE LIMIT CIRCUIT

4-40 The voltage limit elrcuit is & three-fransistor
shunt regulator which limits the powet supply's
output terminal véltage by shunting output current
through CR40, CR41, and Q& when the output volt-
age exceeds the voltage limit getting., When the
unit is not in voltage limit, Q6 draws enough cur-
rent through R82 to maintain ifs collector voltage
at about the voltage developed across R81L. The
shunt regulator's input transistor, Q4, compares
the voltage on R81 to the regulator's output volt-
age and drives Q% which in turn drives Q6. VRY
protects (4 from the overvoltage that could be
caused if the voltage limit programming leads con-
nected between A5 and Aé were opened. {The
instrument's voltage limit seiting can be remotely
programmed by a resistance or voltage input to
terminals AS and A&, See Section III for remote
voltage limit programming ingtructions. )} The voli~
age developed across CR49 assures that Q5 has
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 output voltage limit
can be adjusted to as low as zero volts. R84
maintains a bleed current through these four dicdes
to maintain thiz 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 in voltage across
R16 is 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
circuit similar to the voltage limit programming
current source. Transistor Q1 uges VR] as a volt~
age reference and maintains a relatively constant
current through RS. The current path for bleed
current is described in paragraph 4-12,



SECTION V
MAINTENANCE

5-1 INTRODUCTION !

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

repgat the performance check to ensure that the
fault has been properly correctied and that no other
faults exist, Before performing any maintenance
checks, tum=-on power supply and allow a half-
houyr warm-up.

tion, proczed to the troubleshooting procedures

(Paragraph 5-38).

BAfter troubleshooting and

repair, perform any necessary adjustments

and calibrations (Paragraph 5-45).

Befars.

returning the power supply to normal opsration,

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 — RECCMMENDED
s CHARACTERISTICS MODEL
Differential Sensitivity: 1mV 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 Voits, Equip~ | Vary ac input -
Yoltage ped with voltmeter accurate
Transformer within 1 Volt,
Ac Volimeter Accuracy: 2%. Sensitivity: Measure ac voltages and rms @@ 3400A

ripple

4

Oseilloscope

Sensitivity: 100pV/cm.
Differential input,

‘ Display transient responsse

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 dc¢ voltages

& 412K

Repetitive Rate: 60 — 400Hz, Zusec Measure transient response See Figures 5-5
Load Switch rigse and fall time, and programming speed and 5-7
Resistive Values: See Pigure §5-3, Power supply load resistors —-
Loads 30 Watts,

Current Values: See Pigure 5«3, Measure current; calibrate Rl, R2 and R3;
Sampling 0.5%, l0Watts, Sppm, meter see parts table.
Resistors 4~Terminal,




Table 5-1. Test Equipment Required {Continued)

REQUIRED

TYPE CHARACTERISTICS

RECOMMENDED

USE MODEL

Resistor Value: See Paragraph 5-57.

+0, 1%, 3 Watt. .

Clalibrate programming current -

Decade Range: 0=100K.
Resistance Accuracy: 0.1% plus 1 ohm
Box Make~before-break contacts,

Adjust programming accuracy -—

NOTE

A satisfactory substitute for a differ-
ential voltmeter is to arrange a refer-
ence voltage source and null detector
as shown in Figure 5~1. The reference
voltage scurce is adjusted so that the
voltage diffsrence between the supply
being measured and the reierence voli-
age will have the required re solution
for the measurement being made. The
voltage difference will be a function of
the null detector that is used, Exam-
ples of gatisfactery null detectors are:
#% 419A null detector, a dc coupled
oscilloscope uiilizing differential in~
put, or a 50mV meter movement with a
100 division sgale, For the latter, a
2mV change in voltage will result in a
meter deflection of four divisions.

CAUTION

Care must be exercised when using an
elestronic null detector in which one
input terminal is grounded to avoid
ground loops and circulaiing currents.

5.5 PERFORMANCE TEST

5-6 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, szingle phase input 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 FPor output current measurements, the current

REFERENCE
VOLTAGE
SCURCE

POWER SUPPLY
UNDER TEST

203 909
_/

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 difficuity in obtaining adequate sam-
pling resistors, ii is recommendad that he obtain
duplicates of the sampling resistors (R1, RZ, and
R3) that are used in the unit,

5«9 The monitoring device is connected across
the sampling resistors as shown in Figure 5-3, As
indicated in this illustration neither dutput terminal
of the power stbply 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 resistance paths be-
iween the external switches and ground can exist,
However, since the shunt resistance appears
across only one of the external resistors and not
across the entire output terminals of the supply,
the performance of the supply is not degraded,

5-16 RATED OUTPUT AND METER ACCURACY

5-11 Current. To check the output current for ail
three ranges, progeed as follows: ‘

a, Connect test setup shown in Figure 5-3,
leaving switch 52 open throughout test,

b, Tarn VOLTAGE control fully clockwise,

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

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

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

f, Differential voltmeter should read as
follows;

6177C
t ). 02Vde

6181C
2.5 £0., 0bvdc

Model
Reading

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

g, To check the medium current range, set
the range switches on the front pangl and the ex~
ternal test setup to their middle position and dif-
ferential voltmeter to Rgy. Then, repeat Steps e
and f. (Readings of Step { 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 e 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 A8} and - output terminals (see
Figure 3~7 for voltmster connactions).

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 tum on supply

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
dogs 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 follows:

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

b, Turn VOLTAGE control fully clockwise,

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

4. Set meter switch to AMPS and
CTURRENT contrel until front panel meter
acily the maximum rated ocutput current,

e. Read and record voltage indicated on
differential volimeter,

adjust
rxeads X~

s Short cut load resister {R1,1) by closing
switch S2.
g. Reading on differential voltmeter should

not vary from reading
rhan the following:

recorded in Step & by more

Model No, 6177C 6181C
Variation {pvdc) 30 +75
1. To check the load regulation for the mid~-

dle current range, Open ghorting switch 52 and set
range switches on front panel and external test

setup o their middie position. Connect differen-
tial voltmeter to Rga. .

i, Next, repeat Steps & throuch ¢. Varia-
+ion should not exceed the reading of Step g.

j. To check the joad regulation for the low=-
est current range, open switeh 82 and set both
range switches to their low current position. Then
repeat Steps d through ¢.

5-15 SOURCE EFFECT (LINE REGULATION)
Definition: The change, AlgyT in
the static value of do output cur—
rent resulting 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 to low
line.

5-16 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 auto-transformer batween
input power source and power input to supply.
Leave switch 52 open rhroughout test,

1, Turn VOLTAGE control fully clockwise,

. Setrange switches on front panel and
external test setup to highest current positions and
connect + lead of differential voltmeter 10 Rgi.

4. Set meter switch to AMPS and adjust auto
transformer for 104Vac input.

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

£, Read and record voltage indicated on dif-
ferential volimeter.

g, Adjust auto tran sformer for 127Vac input.

. Reading on differential voltmeter should
not vary from reading recorded in Step { 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 leop
paths are broken by fleating the output terminals
of the supply.

5-20 FBEither a twisted pair or {preferably) a shield-
ad two-wire cable should be used 1o connect the
output terminais of the power supply to the verti-
cal input terminals of the scope, When using
shielded two-wire, 1t is essential for the shield to
ke connected to ground at one end only so that no
ground current will flow through this shield, thus
inducing a noise signal inthe shielded leads,

5-21 To verify that the oscilioscope 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
leads are shorted should be subiracted 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 measurement may be obtained. How-
aver, in more stubborn cases, or in measuremsent
situations where it is essential that both the power
supply case and the oscilloscope ¢ase 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
single conductor shielded cables may be substi-
tuted in place of the shielded two~wire cable with
equal success. Because of iis common mode re~
jection, a differential oscilloscope displavs only
the difference in signal betwean its two vertical
input terminals, thus ignoring the effects of any
common mode signal introduced because of the dif-
farence in the ac potential between the power sup=-
ply case and scope case, Before using a differen-~
t{ial input scope in this manner, however, it 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 cbserving
the trace on the CRT, If this trace is & siraight
line, the scope is properly ignoring any common
mode signal present. If this trace is not a straight
line, then the scope is not reiecting the ground
signal and must be realigned in accordance with
the manufacturer's instructions until proper com-
mon mode rejection is afiained,

5-23 To check the high frequency noige cutput,
proceed as follows:

a. Connect test setup shown in Figure 5~4A
or 5-4B,

b. Set front panel and external range switch-
es to highest current range, :
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Figure 5-4, High Frequency Rippie and Neise,
Test Setup

'

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



g-p {(Model 6177C) or 5mV p~p (Model 6181C)L

a. Set range switches to medium range and
adjust for rated cutput current of that range.

£, Observed noise should be less than 4mV
p-p (Model 6177C) or 10mV p-p (Model £181C).

g. Set range switches to lowest range and
adjust for rated output current of low range,

k. 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 cutput current
following a "2" amp step change in
load voltage — where:

"yt s generally of the sams order
as the load regulation specification,
Tha nominal ocutput current ls defined
as the dc level hali way between
the static output current before and
after the imposed load change, and
"7 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 output
voltage and load current within rating.

5-26 Reasonable care must be taken in swiiching
the load registance on and off. A hand-operated
switch in series with the load is not adequate,
since the resulting one-shot displays are difficult
to chserve on most oscilloscopes, and the are
energy occurring during switching action complete-
ly masks the display with a ncise burst. Transis-
tor load switching devices are expensive if reason-
ably rapid load current changes are to be achieved,

527 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 lcad switch is connected to a 60Hz ac input,
the mercury-wetted relay will open and close 60
timas per second, Adjustment of the 25K control
permits adjustment of the duty cyecle of the load
currant switching and reduction in jitter of the os-
cilloscope display,

528 To check the load transient recovery time,
procesd as follows:
a, Connect test setup shown in Figure 55,
b. Turn VOLTAGE control fully clockwise,
c., Bet meter swiich 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 switch 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 raied output to within "X"
milliamps of zero, "X" is generally
of the same order as the load regula-
tion specification, '

5-30 To check the constant current remote pro=
gramming speed, proceed as followsy

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

b, Turn VOLTAGE control fully clogkwise,

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

4. Adjust CURRENT control until front panel
meter indicates exactly the maximum rated output
current.

e, Close line switch 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
£9. 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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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-
aible. A thermometer should be placed near the
supply to verify that the amblent 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 insfruments 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 (Rgj, Rgz or Rga).

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 not change by more than 125uVde




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

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

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
rating, The current sampling resistor(s), Rg,
should not be placed in the oven, but must be held
at a constant temperature while this measurement
is made.

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

5.37 To check the temperature coefficlent, pro-
ceed as follows:

a, Connact test setup shown in Figure 5-3,

b. Turn VOLTAGE control clockwise.

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

g4, Set METER switch to AMPS and adjust
CURRENT control for rated output.

e. Insert supply into temperature~controllied
oven [voltmeter and load resistances remain cutside
oven), Set temperature to 30°C and allow one hour
warm=-up, )

{. Record differential volimeter indication.

g. Raise oven iemperature to 400C and allow
cne hour warm-ug,

h. Differential volimeter indication should
change by less than 800uvde {6177C) or 2mVde
(6181C}, in any output current range.

5.38 TROUBLESHOOTING

5-39 Before attempting to troubleshoct thig insiru-
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 to remove the instrument from the
cabinet.

5-40 A good understanding of principles of opera~
tion is a helpful aid in troubleshooting, and it is
recommended that the reader review Section 1V of
+he 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. Freguently a fault in the referance supply
can be misinterpreted as a fault in another circuit.
For this reagon the referance supply voltages should
be checked before attempting to troubleshoot the
‘remainder of the supply's circuits. Measure the
voltages in Table 5-2 and check the listed com-
ponents if any voltages are incorrect. If these
components are not at fault, check the circuits
that load the reference supply's defective cmtp’ut.
(Many possiblé component failures can affact 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 this current path includes the series regula~
tor and driver transistors, any fault that cuts off
the series 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 voitage 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 voils,
proceed to step (c). The low output of the -16.2V
reference will probably be corrected with the guard

Table b-2.

{Refer to Figure 7-4 Component Location

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

c. Check whether any of the trouble symptons
listed in Table 5-3 are applicable. I s0, follow
the instructions provided. If Table 5-3 is not
helpful, proceed to step (d).

d. 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
cireuit areas is at-fault. These areas are the
guard supply, the main feedback loop (which in-
cludes the constant current comparatar, 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 bleed 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.
rollow the steps of Figure 5-8 exactly as given
to igolate these circuits from each other. Figure
58 directs the reader to Figures 5-10, 5-11, and
5_12 as necessary to troubleshoot 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
@ ® +12, 4V #5% 1mv VRS, Q11-Q15, C3,
C19 CR5-CR8
% ® +6. 2V £5% 100V VRS
N/ ® +5, 6V £5% Y yR12, CRLC, C35
@ &/ -16. 2V £5% 2mV VR6, Cl (Also see
paragraph 44Db)
Table 53-3. Miscellaneous Troubles

(All components are on A2 Main Board Unless Indicated)

SYMPTOM

PROBABLE CAUSE

Qutput current surge at turn-on or turn-off

Shorted Q31 or open Q332

Output current is limited to less than
rated maximum, but supply is not in wvolf~
age limit. {Measure actual output current;
sae note in paragraph 5-44}.

a. Shorted CR13, VR4
b. Shorted VR14, VRIS

Mintmum voltage limit is between 0.5
volts and 3 volts.

Shorted CR35, CR36, CR47, or CR48

5-9



Table 5~3, Miscellaneous Troubles {Continued)

SYMPIOM

PROBABLE CAUSE

Voltage limit light will not operate at low output

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.
Paor 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.

Dirt on printed circuit board.

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 controtlable

Guard supply, main feedback loop, or voliage
limit circuit defective. Proceed to paragraph
5-444d.
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CONNETT A MILLAMMETER
FROM {+0UT) TO (~QUTY,
TURN VOLTAGE CONTROL 70
MAX {CW ), SELECT HIGHEST
CURRENT RANGE, AND TURN
UNIT/ON 8Y SETTING 8¢ TO
AMPS. VARY THE CURRENT
CONTROL. WHILE OBSERVING
THE FRONT PANEL METER
INCICATION,

0ES
INDICATION

VARY FROM ZERG NG

ISOLATION

CHECK GUARD SUPPLY OUT-
Ut | 70 +METER)
WITH AN EXTERNAL VOLT-

JO ABOUT 110% FULL
CURRENT?

IF THE. MAIN LOOP WAS DiS-
ABLED FOR GUARD SUPPLY
TROUBLESHOOTING, REMOVE
THE SHORT FROM TPI8 TO
57 AND RECONNECT CRIO.

VARY THE GURRENT CON-
TROL WHILE OBSERVING EX-
TERNAL QUYTPUT CURRENT
METER INDICATION.

DOES
EXTERNAL
METER INDICATE
O TO ABCUT HO% FULL
CURRENT ?

NO

PIMETER WHILE VARYING
CURRENT CONTROL

DOES
CLT. VARY
FROM O TO -1V NO
BI177C) OR G TO -25V,
(GIBICY?

YES

CHECK SUPPLY'S METER
CIRCUIT

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

VARY THE CURRENT CON-
vES TROL WHILE OBSERVING
THE VOLTAGE FROM Yg}‘

TO +0UT

PROCEED TC MAIN 1L.O0OP
"1 TROUBLESHOOTING FIG.5-1f

RECONNECT CRAG IF 1T WAS MNS-
CONNECTED FOR MAIN LOOP
TROUBLESHOCTING o

DISCONNECT MILLIAMMETER
£ROM CGUTPUT. SELECT
YOL.TS, SET CURRENT CON-
TROL TO MAXIMUM (CW),
CHSERVE VOLTAGE FROM
(+0UT) TO (-QUT) AND
VARY VOLTAGE CONTROL..
CBSERVE PANEL. AND EX-
TERNAL METER INDICATIONS |

00
BOTH

METERS INDICATE

OR <05V TO ABOUT
HOV BIgICY?

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

END CHECK SUPPLY'S METER :
CIRCUIT

Figure 5-~9, Trouble Isolation Procedure




DISABLE THE MAIN LOGP BY
LIFTING ONE END OF CR3O!
AND SHORTING TRI8 TO

v

o h 4
CHECK CR38 FOR SHORT.
IF OK, CHECK THE VOLT-
AGE ACROSS REQ

GUARD SUPPLY

BETWEEN 1V AND
2iv?

CHECK GQ22,VRID

REMOVE POWER. DIS-
CONNECT STRAP 8E -
TWEEN Al AND AZ VARY
CURRENT CONTROL AND
CHECK RESISTANCE OF
R40 SETWEEN AQ AND
Az

LEAVE Ai/A2 DISCON-
NECTED. CHECK VOLT~
AGE FROM W TO BASE
OF QI8A

18

VOLTAGE
ABOUT +0.8V?

CHECK CRIS,CRI5, R39

CHECK VCLTAGE FROM
TR3t TG TPED

1S

VOLTAGE
ABOUT -08v7

CHECK 18, CRIT, CRIB,
R48

CHECK VOLTAGE FROM

0 AD

!

o 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 5-18.

Guard Supply Troubleshooting




L EAVE MILLIAMMETER CON~ t
NECTED ACROSS CUTPUT AN
LIFT Ohi TND OF CREC TO

DISABLE THE VOLTAGE LT
CIRCUHT.
E -

T, Tl —
LIFT OKE END OF CR30 AhD
CHECK CR3D. IF OK, LEAVE
DISCONNECTED AND CONNECT
A20KEL BOT FROM TPIB T0

T QRSERVE QUTPUT MiLLI -

AMETER CURRENT #HILE
SLOWLY INCREASING RESIS -
TANCE OF POT FROM MIN. DD

CUR. MARY
FROM ERO TO

- AN LOOP

ABOUT 1O RATED
MAXERIGM 7

ST THE £ XTERNAL POT FOR
AN QUTPUT MLLIAMMETER
READING OF ABOUT 50%
RATED CHRRENT. WARY THE
FRONT PANEL CURRENT COR~
TROL WHILE CSERVING THE
VOLTAGE FROM TP33 T0 T34,

NG

CHECK THE VOLTAGE

TEAVE CXTERNAL, POT SET AS
BEFORE. VARY THE FRONT
PANEL CURRENT CONTROL
WHILE CBSERYING THE VOLT-
AGE FROM 023 EMITTER TO
024 EMITTER, )

DOES
YOLTAGE
VARY FROM +0.6v

CEAVE EXTERNAL POT SET
AS BEFORE. VARY THE FRO?
PANEL CURRENT CONTROL

ACROSS RS2

15
VOLTAGE
SETWEER 1V AND
24V

¥
DISCONNECT EXTERNAL
TEST POT AND CHECK CR24,
CR36,CR36,0R47, CRAS,
CR49 FOR OPEN AND RI
AND CR34 FOR SHORT, iF
OK, CHECK VOLTASE

ACROSS A72

&3

VOLTAGE, NO CHECK VOLTAGE FROM S/ 10
BETWEER S5V AND TPY.USE A METER WITH A
8.5v7 HIGH BNPUT IMPEDANCE]

ts

I CHECK (032 AND (34

VOLTAGE
ABOHT F12Y

g
VOELTAGE
GREATER THAMN
JERQVOLTS?

REMOVE POWER UNPLUG
HEATSINK CABLE AND USE
CHMMETER GR TRANSISTOR
TESTER TO CHECK €25, 029
AND 030 ONHEATSINK,
(SEE LLLUSTRATON BELOW
FOR PIN CONNFTTIONS)

]
:

¥,

IF 7S, G29, AND Q30 ARE
NGT FAULTY, CHEDK 026,
U27, 028 AND CRIL

RECONNECT CR3D AND RE-

CHEK VR14, VRIE

CHECK Q31 AND CR3Z

VoL
ARY FEON 5 o o, v AP U JULTD TE oG o :
PROPER OPERATION. WHT/BLI/VIO : ‘ !
WHT/BLURED | Get ‘
i 929 }
DISCONNECT EXTERNAL TEST WHI/BLY/BLY | [ |
POT, REGONKECT CRI0, AND : W N
RETURN 10 THE BEGHNNING WHT/BLCORN 230 i
OF F1G. 5-9 T0 VERIFY i |
FROPER OPERATION WHT/BLK/YEL | ;

Pigure 5-11. Main Loop Troubleshooting




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

LIFT ONE END OF R21. OB~
SERVE VOLTAGE FROM A4
TO AB WHILE VARING VOLT-
AGE CONTROL,

LY
01T, VAR
FROM O TO 55v
{6177C) OR O 10 1OV,
{GiBIC) 7

LEAVE REI DISCONNECTED
AND CHECK VOL TAGE
ACROSS CB

VOLTAGE LIMIT

CHECK CR40, CR4t FOR
P OPEN

| VRI, C7

CHECK 02, VRZ, R8I, R4

CHECK CR40 AND CR4! FGR
SHORT . IF OK, MOMENTARILY
SHORT Q6 BASE-TO-EMIT~
TER AND CHEGK VOLTAGE
ACRQSS C6

CHECK 04, Q5,CR46

OPEN JUMPER RIS AND CHECK
VOLTAGE ACROSS C6

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

NO

VRT

CHECK 06, L6, R82,

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.

Pigure 5-12. Voltage Limit Troubleshooting




Table 5-4. Adjustments Required Following Component Replacement

COMPONENT ADIUSTMENT
REPLACED ADJUSTMENT REQUIRED ADJUSY PARAGRAPH
VR2 or RE1 Voltage limit programming accuracy R6
{select value) 5«54
Q18 - Guard amplifier zero R46 5-57
QL8 Qutput current zero R56 5-53
VRS Qutput current programming accuracy R3S
{select value) 561

5-45 ADJUSTMENT AND CALIBRATION

o~46 Adjustment and calibration may be reguired
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
Plack plastic disc lecated directly below meter
face.

c. Rotate plastic disc clockwise {cw) until
meter reads zero, then rotate cow slightiy in order
to free adjustment screw from meter suspension. If
pointer moves, repeat steps {b) and {c}.

5-49 AMMETER TRACKING

5-50 The ammeter circuit is adjusted to 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 circuit jumpers (1 or 2;
see schematic) that have been removed previocusly,
at the factory.

b. Connect test setup of Figure 5-3 {external
range switch and medium-~iow 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 pane! 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. 548vdc (Model 6181C) leave jumpers
1 and 2 connected and operate normally.

f. If differential voltmeter reading is between
0. 941 and 0. 981Vdc (Model 6177C) or 2. 345 and
2. 452vde {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. 252Vde (Mcdel 6181C) remove jumpers num-
ber one and nember two (across R8% and R9D).
Reading should now be within normal limits of step

(e).
5-52Z VOLTMETER TRACKING

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

a. Replace jumper number 3 (across
R87) if it was previously removed at the
factory.

b. Connect tegt setup of Figure 5~3,
except 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
voltmeter reads exactly the maximum rated out—
put voliage.

e. If differential voltmeter reading is above



49Vde (Model 6177C) or 98. iVde (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~
mentioned reading.

5-54 VOLTAGE LIMIT PROGRAMMING ACCURACY
AND MAXIMUM OUTPUT VOLTAGE

5-55 This procedure adjusts the voltage limit pro-
gramming current to within 20% of 1. 15mA (Model
6177C) or 2.3md (Model 6181C). It allows the
unit to provide 110% of the maximum rated output
voltage despite & 20% resistance tolerance of the
front panel VOLTAGE control. This adjustment is
neceggary only if the VOLTAGE control (R81) ig
replaced or it can be done as an accuracy check
before remote resistance programming of the voli-
age limit.

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

a. Turn CURRENT and VOLTAGE controls fully
clockwise.

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

. Connect decade resistance box in place
of R6.

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

e. Replace decade resistance with appropri-
ate value resistance in R6 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 as follows to

perform this adjustment:

a. Connect differential voltmeter between
rear terminals Al and A3, '

b. Turn VOLTAGE control fully clockwise,

c. At any output current, adjust R4b6 to ob-
tain a 0 £x200uVde reading on differential voltmeter.

5-59 OUTPUT CURRENT ZERO

5-60 To adjust for zero output current, 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 INTRODUCTION

-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 to Table 6~1.

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

c. Total Quantity (TQ). Given only the first
time the part number is listed sexcept in instruments
containing many sub-modular as semblies, in which
case the TQ appears the first time the part number
is listed in each assembly.

d. Manufacturer's Part Number or Type.

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

f. Hewlett-Packard Part Number.

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

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

6-3 ORDERING INFORMATION

-4 To order a replacement part, address order or
inquiry to your local Hewlett~Packard sales office
(sec lists at rear of this manual for addresse ).
Specify the following information for each part:
Model, complete serial number, and any Option or
epecial modification {J} numbers of the instirument;
Hewleti~Packard part number; circuit reference des—
ignator; and description. To order a part not listed
in Table 6-4, give a complete description of the

part, its function, and its location.
Table 6-1, Reference Designators
A = assembly - E = miscellaneous
B = blower (fan} electronic part
C = capacitor F = fuse
B = ¢ircuit breaker {7 = jack, jumper
CR = diode K = = relay
ns = davice, 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

T8 = 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 mtg = mounting

bd = board n nano = 1079

bkt = bracket NC = normally closed

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

cod = 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

or = degree ms root mean
Farenheit square

fuwd = 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

incnd = incandescent tan, tantulum

k = kilo = 103 Ti titanium

m = milli = 10-3 vV = volt

M = mega = 106 var = variable

13 = micro = 1076 WW wirewound

met, = metal W = Watt




Table 6-3, Code List of Manufacturers

CODE

NO, MANUFACTURER ADDRESS
00629 | EBY Sales Co., Inc, Jamaica, N.Y.
00656 | Aerovox Corg, New Bedford, Mass.
00853 | Sangamo Electric Co.

01121
012558

grzel

81295

01686
01930
02167
02114
02606

1 02660

02735

03508

03797
03877

£3888

04009

04072
04213

04404
04713
05277
05347
05820
06001
06004
06486
06540
0B555
D6EES
06751

06776
06812

07137

8. Carolina Div,
m@ilen Bradiey Co,
Litton Indusiries, Inc,

Pickens, 8.C
Milwaukea, Wis,

Beverly Hills, Calif,
TRW Semiconductors, Inc,
lawndale, Calif,
Texas Instruments, Inc.
Semiconductor-Components Div,
Dallas, Texas
Manchester, N, B,
Rockiord, Il
Dover, Ohio
Saugerties, N.Y.
Fenwal Laboratories Morton Grove, IiL
Amphenol Corp, Broadview, Iil,
Radio Corp. of America, Solid State
and Receiving Tube Div, Somerviile, N.T.
G. E. Semiconductor Products Dept,
Syracuse, N.Y.
Compton, Calif,

RCL Electronics, Inc.
Amerock Corp,

Sparta Mig, Co,
Ferroxcube Corp.

Eidema Corp,
Transitron Electronic Corp.
Wakefield, Mass.
Pyrofitm Resistor Co. Inc.
Cedar Knolls, N.J.
Arrow, Hart and Hegeman Electric Co,
Hartford, Conn.
ADC Electronics, Inc. Harbor City, Calif,
Caddell & Burns Mg, Co. Inc,
Mineola, N,Y.
*Hewlett~Packard Co. Palo Alto Div,
Palo Alto, Calif,
Metorola Semiconductor Prod. Inc,
Pheoenix, Arizona
‘Westinghouse Llectric Corp,
Semiconductor Dept, Youngwood, Pa.
Ultronix, Ine, Grand Junction, Colo.
Wakefield Engr, Inc. Wakefield, Mass.
General Blect, Co. Electronic
Capacitor & Battery Dept. Irmo, S.C.
Bassik Div, Stewart-Warnar Corp.
Bridgeport, Conn.
IRC Div, of TRW Inc.
Semiconductor Plant Lynn, Mass.
Amatom Electronic Hardware Co. Inc.
New Rochelle, N.Y.
Beede EZlectrical Instrument Co. ‘
Penacock, N, H.
General Devices Co. Inc,
Indiandpolis, Ind,
Semcer Div, Components, Inc,
Phoenix, Arizona
Robinson Nugeni, Inc. New Albany, Ind,
Torrington Mig, Co., West Div,
Van Nuys, Calif,
Transistor Electronics Corp.
Minneapolis, 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,

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




Table 6~3.,
CODE
NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div, of General Motors Corp,
Kokomao, Ind.
17545 | Atlantic Semiconductors, Inc.
Asbury Park, ’\T.}E,
17803 | Fairchitd Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
17870 | Daven Div., Thomas A, Ediscn Industries
McGraw=Edison Co. Qrange, N.J.
18324 | 8ignetics Corp, Sunnyvale, Calif,
19315 | Bendix Corp. The Navigation and
Control Div, Teterboro, N,T.
19701 | Flectra/Midland Cerp,
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp. .
No, Chicago, IiL
22229 1 Union Carbide Corp, Electronics Div,

' Mountain View, Calif,
22753 | UID Electronics Corp. Hollywood, Fla.
23436 | 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
499656
55026

56289
58474
58849

58730
61637
63743

General Blectric Co., Lamp Div., of Con=-
gumer Prod, Group
Nela Park, Clewveland, OChio
General Radio Co, West Concord, Mass.
LTV Electrosystems Inc Memcor/Com~
ponents Operations Huntingion, Ind,
Dynacool Mfg., Co. Inc. Saugerties, N.Y,
National Semiconducter Corp.
Santa Clara, Calil,
Palo Alto, Calif,
Kenilworth, N.T.

Hewlett-Packard Co.

Heyman Mig, Co.

IMC Magnetics Corp,
New Hampshire Div. Rochester, N. H.

SAE Advance Packaging, Inc.

Santa Ana, Calif,
Ramona, Calif,
Qwensboro, Ky.

Chicago, il

Budwig Mig. Co.
G.E. Co. Tube Dept,
Lectrohm, Inc,
P, R, Mallory & Co, Inc.
Indianapolis, Ind,
Muter Co, Chicago, I
New Departure-Hyatt Bearings Div.
General Motors Corp. Sandusky, Ohio
Ohmite Manufaciuring Co. Skokie, IlL
Penn Engr. and Migq, Corp,
Doviestown, Pa.
Polaroid Corp. Cambridge, Mass,
Ravytheon Co, Lexington, Mass,
Simpson EBlectric Co. Div, of American
Gage and Machine Co. Chicago, IlL
Sprague Electric Co, North Adams, Mass,
Superior Llectric Co. Bristol, Conn,
Syntron Div, of FMC Corp.
Homer Cliy, Pa.
Philadelphia, Pa.
New York, N.Y,

Thomas and Betts Co,

Union Carbide Corp.

Ward Leonard Electric Co,
Mt., Vernon, N,Y.

*Yse Code 71785 assigned to Cinch Mfg. Co., Chicago, Ill
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Gode List of Manufacturers (Countinued)

CODE
NO. MANUFACTURER ADDRESS
70563 | Amperite Co, Inc, Union City, N.JT.
709801 | Beemer Engrg, Co., Fort Washington, Pa.
70903 | 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 | Globe~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 Ceorp, Brocklyn, N,Y.
72699 | General Instrument Corp,  Newark, N.7J.
72765 | Drake Mig. Co. Harwood Heights, I1l,
72862 | Elastic Stop Nut Div, of
Amerace Esna Corp. Union, N.J.
72982 | Erie Technological Products Inc. Lrie, Pa.
73096 | Hart Mig., Co. Hartfiord, Conn.
73138 | Beckman Instruments 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 | Carling 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 1 IRC Div. of TRW, Inc., Philadelphia, Pa,
75183 { *Howard B, Tones Div, of Cinch
Mig, Corp. New York, N.Y.
75376 { Kurz and Kasch, Inc. Dayton, Chio
75382 | Kilka Electric Corp. Mt., Vernon, N.Y.
755135 | Littlefuse, Inc, Des Plaines, Ill
76381 | Minnesoia Mining and Mig., 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,




Table 6-3, Code List of Manufacturers {Continued}

CODE

NO. MANUFACTURER ADDRESS

76530 | Cinch City of Industry, Calif,

76854 | Qak Mifg, Co, Piv, of Oak
Flectro/Netics Corp., Crystal Lake, I1l,

77068 § Bendix Corp., Elsctrodynamics Div,

] No, Hollywood, Calif,
77122 Painut Co. Mountainside, N,J.
77147 | Patton-MacGuyer Co. Providence, R, 1.
77221 | Phacstron Instrument and Electrenic Co,

South Pasadena, Calif,
772521 Philadelphia Steel and Wire Corp,
Philadelphia, Pa,
77342 | American Machine and Foundry Co,
: Potter and Brumfield Div., Princeton, Ind,
77630 | TRW Elecironic Components Div,
Camden, N,I
77764 | Resistance Producis Co.  Harmrisburg, Pa,
78189 | Illinois Tool Works Inc, Shakeproof Div,
Blgin, I1i,
78452 | Everlock Chicago, Inc, Chicago, Il
768488 Stackpole Carbon Co, 3St, Marys, Pa.
78526 | Stanwyck Winding Div, San Fernando
Electric Mig, Ceo. Inc, Newburgh, N.Y.
78553 Tinnerman Products, Inc, Cleveland, Chio
785841 Stewart Stamping Corp, Yonkers, N.Y.
79136 Waldes Xohincor, Inc, L.I.C., N.Y.
79307 1 Whitehead Metals Inc. New York, N.Y.
79727 1 Continental-Wirt Flectronics Corp,
Philadeiphia, Pa.
76863 | Zierick Mifg., Co. Mt. Kisco, N.Y.
80031 | Mepco Div. of Sessions Clock Co.
Morristown, N.T.
802841 Bourns, Inc. Riverside, Calif.
810421 Howard Indusiries Div, of Msi Ind. Inc.
Racine, Wisc,
81073§ Gravhill, inc. La Grange, Iil
81483 | International Rectifier Corp.
El Segundo, Calif,
81751 | Columbus Elscironics Corp. Yonkers, N.Y!
82099 | Goodvear Sundries & Mechanical Co. Inc.
New York, N,Y,
821421 Airco Speer Electronic Components -
: Du Beis, Pa,
822191 Svivania Electric Products Ine,
Electronic Tube Div. Receiving
Tube Operations Emporium, Pa,
82389 Switchcraft, Inc. Chicago, I,
826471 Metals and Controls Inc, Control
Products Group Attieboro, Mass.
828661 Research Products Corp. Madison, Wis,
82877 | Rotron Inc. Woodstock, N.Y.
82883 Vector Blectronic Co. Glendale, Calif.
83058 | Carr Pastener Co, Cambridgs, Mass,
83186 | Victory Engineering Corp.
Springfield, N.7.
83298 | Bendix Corp, Electric Power Div,
. Eatontown, N.IT.
83330 Herman H, Smith, Inc. Brooklyn, N.Y.
833851 Central Screw Co. Chicago, I,
83501 | Gavitt Wire and Cable Div, of
Amerace Esna 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,

..
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,




Table 6-4. Replaceable Parts
REF. MTR. HP
DESIG. DESCRIPTION TQ#* | MFR., PART NQ. CODE PART NG, R3¥*

Al Input Board
Ci-3 Ixd, elect 400pF 100V 3 D40713-DFP 5628% 0180-1887 1
C4-6 fxd, cer .05uTF 400V 4/31 33C17A3~CDH 56289 0150-0052 1
C7

6177C fxd, cer .O0O5uF 400V 33C17A3-CDH 56289 0150~-0052

6181C {not used)
CR3, 2 Diede, 1A 200V 8/61 Al4B 03508 18901 -0327 2
CR3, 4 .

6177C Dicde, 1A 200V AI4B 03508 1901-0327

6181C {not used)
CR5-8 Diode, 1A 200V Al4B 03508 1901-0327
F2

6177C Fuge 1A 250V 1 3124001 75915 21146-0001 5

4181C Fuse 0. 57 250V 1 312.500 75915 2110~0012 5
A2 Main Board
Cct - fxd, elect20uF 50V 1 30D206GH50CC2 56289 0180-0049 1
C5 fxd, mica . 001 190V 1 DISCIEI 02T 530621 0160-0938 1
Cé fxd, elect 16uF 150V 1 30D166GL50DEE 5628¢ 0180-0238 1
C7 fxd, cer .05 400V 1 33C17A3-CDH 56289 | - 0150-0052 1
C8 fxd, mica 470p¥F 300V 1/21 obd 72136 § 08140-0149 1
CY fxd, cer .22pF 50V 1 5C52B-CML 56289 0160=0263 1
C1i0 fxd, elect 68uF 15V 1 150D686X0015R2 56289 0180-1835 1
12 fxd, mica . 002uF 100V 2 | obd 721361 0160-2301] 1
C13

6177C fxd, cer .0lpF IXV i COD23A102T103MS38 | 56289 N150-0012 i

6181C fxd, cer .0lpF 500V 1 811000 Y5U 0 1032] 72982 01506-0081 1
C19 fxd, mylar ., 022pF 200V 1 AE17CZ223KT D6801 01606-0162 1
c20 fxd, cer 0.1 50V 6 5C50R1I-CML 56289 0158-0121 1
C21 g, mica 18pF 300V 2 obd 72136 0160-0356 1
c22 fxd, cer 0. IuF S50V 5C50B1-CML 56289 0150~0121
C23 #xd, mica . 002uF 100V obd 72136 0160-2301
C24, 25 fxd, cer 0.1 50V 5C50B1-CML £6289 B150-0121
C26 fxd, mica 18pF 300V obd 72136 01 60-0356
ca7 fxd, cer 0. 1pF 50V 5C50Bl~-CML 56289 0150-0121
c28 :

6177C fxd, mylar 0. 1pF 200V 1 AE2IC104KT 06001 D160-0168 i

6181C fxd, mylar 0, 220F 8OV 1 AE22C224KT 06001 0160-2453 1
29 fxd, cer 0.1 50V 5CE0Bl-CML 56289 0150-0121
C31

6177C fxd, mica 560pF 300V i obd 72136 ] 0140-0178 1

6181C fxd, mica 470pF 300V obd 72136 | 0140-0149
32 xd, mylar . 047 200V 1 AE17C473]T 06001 0160-0138 1
C34 fxd, elect 10pF 20V 1 150D106X982082 56288 0180-0374 1
C35 fxd, elect 1, OuF 38V 1 150D105X96835A2 56289 8180~-0291 1
53 )

6177C fxd, mica 750pF 300V 1 obd 72136 | 0160-2215 1

6181C fxd, mica 390pF 300V 1 obd 72136 | 0140-02060 1
CR10 Dicde 200ma 180V 11 8333386 03877 1901-G033 7
CRI3 Diode, switching 2060mA 80V 1 FDH 6308 07263 1901-0050 1
CR14 Diode, stabistor 150mA 15V 3 STB523 03508 1901-04601 3
CR1E, 16 Dicde, switching 58mA 75V 4 DA2050 03508 1901-0642 4
*6177C/6181C
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Table 6-—4.

Replaceable Parts

REF. MFR., HP

DESIG. DESCRIPTION TQ* | MFR. PART NO. CODE | PART NO. [Rs*
CR17, 18, 24 Diode, Z00mA 180V 8333946 03877 1901-0033
CR25, 26 Dicde, switching 50ma 75V DAZOS0 03508 1301 ~0642
CR27, 28, 30,

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

38, 40, 41 Diode, 1A 200V 9 Al4B 33508 1801-0327 &
CR42Z Diode, 200ma 180V 3G3396 G3877 1801-0033
CR44 Diode, stabistor 150ma 15V STR523 03508 1201 ~0460
CR46 Diode, 200mA 180V 3G3396 03877 1801 -0033
CR47-49 Diode, 1A 200V A14B 63508 1801-0327
11 Inductor, ferriie bead (Q2 emitter) 1 56-580-65/4A6 02114 9170~08%4 1
Q1 35 NPN 3i. 1 2N4240 28480 1854-0311 1
Q2,4 35 PNP Si. 2 40250 G2735 1853-0224 2
Q5 S8 PNP 3i. 1 TZ173 56289 18530089 1
Q8 35 NPN 8i. 1/3} 2ZN1711A 28480 1854-0244 |1/3
Qri, 12 S5 PNP Si. 2 2N4436 28480 1853-0041 2
Q13-158 58 NPN Si. 7 2N3391 28480 1854-0071 6
Q18,18 S35 NPN 8i. dual 2 2N4445 28480 18545221 2
Q21-24 85 NPN Si. 2N3391 28480 1854-8071
Q26 38 NPN 3i. 1 2N3417+** 284380 18544087 1
Q27,28

6177C 338 NPN S8i. 2 {See note p. &-11) 28480 18540448 2
6181C 38 NPN 8i. 2N17114 28480 1854~0244
Q31 S8 NPN Si. 1 ZN3I3G0*+* 28480 1R854-0202 1
Q32 Programmable unijunction transistor 1 {See note p. 6-11) | 28480 1855-0346 1

R1
6177C Ixd, ww 2 1/2% 7.5W 1 R2067-2 01686 0811-3306 1
6181C xd, ww 10 1/2% 7. 5W 1 R2067-3 01686 08112110 1
R2
6177C fxd, ww 18 0.1% 1/8W 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 fxd, comp 33K 5% 2W 1 HB3335 01121 0692-3335§ 1
RS
6177C fxd, film 7.5 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
Ré fxd, comp {selectad) 1 obd
R7?
6177C fxd, comp 300 5% 1/2W 1 EBR3615 01121 0686~-3015 i
5181C fxd, comp 2K 5% 1/2W 4 EB2025 01121 0686~2025 1
RS
8177C 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
RI1O
6177C ixd, ww 6, 8K 5% 3w i Type 242E 56289 0811~0860 1
6i81C fxd, ww 20K 3% 3w 1 RS28-95 91637 0811-1337 i

**Transistor leads must be bent properiy
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Table 6-4.

Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ#* | MFR. PART NO. CODE| PART NO. | Rg*

R16,17 fxd, comp 240 5% 1/2W 2/3 | EB2415 01121 0686-2415 | 1
R18 fxd, comp 12K 5% 1/2W I | EB1235 p1121 0686~12351 1
R1S fxd, comp 2K 5% 1/2W 2/ | EB2025 01121 0686-2025{ 1
R20 fxd, comp 1.5K 5% 1W 1 | B1525 D1121 0689-1525 1 1
R21

B177C fxd, comp 1K 5% 1/2W 3 1 BEB1625 01121 0686-10251 1

ALIBIC fxd, comp 2K 5% 1/2W EB2025 0r121 0686~2025
R22

6177C fxd, comp 150 5% 1/2W 1 | EBIS15 01121 0686-15151 1

61810 fxd, comp 300 5% 1/2W 1 | EB3015 D1121] 0686-3015 ] 1
R23

61770 fxed, ww 0.33 5% W 1 | Type BWE 750421 0812-0066 ] 1

6181C fxd, ww 1.0 5% 2w 1 | Type BWHE 750421 0811-1666] 1
R25 fxd, comp 2B 5% 1/2W ER2025 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 N1121 0686-2035 | 1
R29, 30 fxd, film 1.5 1% 1/8W 2 | Type MF4C-1 19701 0757-0427 | 1
R31 fxd, comp 1. 8K 5% 1/2W 1 | EB1825 01121] 0686-18251 1
R32 fxd, comp 2. 7K 5% 1/2W 1 | ER2725 01121 | 0686-27251 1
R33 fxd, comp 5. 6K 5% 1/2W 2 | EB5625 D121 | 0686-5625] 1
R34 fxd, film 750 1% 1/8W 2/1 | Type MFAC-1 19701 0757-04201] 1
R35 fxd, fiim {selected) 1 obd
R36 fxd, film 118K 1% 1/8W t | Type MF4C-1 18701 ] 0698-32651] 1
R37 fxd, ww 11,8 1% 1/8W i} 135F 20940] 0811-2789] 1
R38 fxd, met ox., 430 5% 2W I | Type RG42 11502] 0764-00241 1
R34 fxd, film 100 1% 1/8W 2 | Type MF4C~-1 19701] 0757-0401 | 1
R41 fxd, comp 106 5% 1/2W EB1015 31121 0686-1015
R42, 43 fxd, film 23K 1% 1/8W 2 | Type MF4C-1 19701 0698-3269 | 1
R44 fxd, comp 100 5% 1/2W EBL1OL5 31121 0686=-1015
R45 ixd, film 64K 1% 1/8W 4 1 CMFP-55~1, T-9 916371 0698-6275 | 1
R46 var, ww 15K 2 | Cr=-100-2 840481 2100-0896 | 1
R47 fxd, film 64K 1% 1/8W GCMF-55-1, T-9 91637 | 0698-6275
R48 fxd, comp 100 5% 1/2W ER1015 01121} 0686-1015
R49 fxd, comp IK 5% 1/2W /2 | BEB1025 01121} 0686~1025] 1
R50 fxd, film 100 1% 1/8W Type MF4C~1 19701} 0757-0401
RE2 fxd, film 10K 1% 1/8W 4 | Type MF4G-1 18701} 0757-0442 1 1
R53

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

6181C ixd, comp 240 5% 1/2W EBZ415 01121 0686~2415
R54 fxd, comp 100 5% 1/2W EB1015 01121 0686-1015
R55 fxd, film 64K 1% 1/8W CMF-55-1, T-8 916371 D698-6275
R56 var, ww 15K CT-100-4 840481 2100-0896
R57 fxd, film 64K 1% 1/8W CMF-55-1, T-9 91637 0698-6275
RE8 fxd, comp 100 5% 1/2W EB1615 011211 0686-1015
R6D fxd, film 10K 1% 1/8W Type MF4C-1 197011 07570442
R61 fxd, comp 1.3K 5% 1/2W 1 | EB1325 01121 0686-1325§ 1
R6Z, 63 fxd, film 10K 1% 1/8wW Type MF4C-1 19701 0757-0442
R64 fxd, fllm 5.6K 5% 1/4W 1 | CB56A2S 01121 0683-5625 | 1
R66 fxd, comp 33 5% 1,/2W 1 | EB3305 011211 0686~3305] 1
RE&T

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

6181C fxd, film 9.1K 5% 1/4W 1 | ©B912S 01121 0683-9125 | 3
R6B fxd, comp 5.6X 5% 1/2W EB5625 01121 0686-~5625
R&9 ixd, comp 100 5% 1/2W EB1015 01123 ] 0686-1015
R70 fxd, comp 360 5% 1/2W 1 | ER361S 011211 0686-34151] 1




Table 6-4.,

Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ*1 MFR. PART NO. CODE PART NO. Rg*
R71 fxd, comp 1K 5% 1/2W EB1 025 01121 06861025
R72 fxd, comp 9.1K 5% 1/2W 1 EB9125 0112: 0686-3125 1
R73 fxd, comp 750 5% 1/2W 1 EB7515 01121 0686-7515 1
R74, 75 '
6177C fxd, comp 4.7 5% 1/2W 2 EB47G5h 01121 4698-0001 1
6181C fxd, comp 12 5% 1/2W 2 EBL1205 01121 D686-1205 1
R76, 77
6177C fxd, comp 3.9 5% 1/2wW 2 EB3SG5 01121 N698-5139 1
6181C fxd, comp 8.2 5% 1/2W 2 EBB2GS 01121 0698-5479 1
R78 fxd, film 330K 5% 1/4W 1 CB3345 01121 0683-3345 H
R79 fxd, film 18 5% 1/4W 1 CB1805 01121 0683-1805 1
R80
6177C fxd, ww 2K 5% 5W 1 Type SXM 14841 0812-~0106 1
6181C ixd, ww 3K 5% 5W 1 Type SKM 14841 0812-006¢0 1
RB2
6177C fxd, ww 5K 5% bW 1 Type SXM 14841 0812-0060 1
6181C fxd, ww 15K 5% 5W 1 Type XM 14841 08111867 i
R83 fxd, film 10K 5% 1/4W i CB1035 01121 0683-1035 1
RB4
6177C fxd, ww 7.5K 5% 3W 1 Type 242E 56289 0811-18135 1
6181C fixd, met ox. 33K 5% 2W 1 Type RG42 11502 0764-0046 1
R85
6177C fxd, film 750 1% 1/8W Type MFPAC~1 19701 07570420
6181C fxd, film 2.37K 1% 1/8W 1 Type MF4C-1 19701 0688~3150 1
RB&
- 8177C fxd, film 330 1% 1/8W 1 Type MFP4C-1 197481 06985663 1
6181C fxd, film 909 1% 1/8W 1 Type MF4C-1 18701 07570422 H
RB7
61770 fxd, film 42.2K 1% 1/8W i Type MFP4C-1 19701 0698-345¢0 1
6181C fud, film 108K 1% 1/4W 1 | CMF-684-1, T-1 91637 065884757 1
R88
6177C frd, comp 1.5M 5% L/2W 1 EB1555 0rizl (686-1555 H
6181C fxd, comp 3.3M 5% 1/2W 1 EB3355 01121 0686-3355 1
RE9
6177C fxd, comp 16 5% 1/2W 1 ERL605 41121 0638-3561 1
6181C fxd, comp 38 5% 1/2W 1 EB3905 01121 4 0686-3905 1
RS0
6177C fxd, comp 27 5% 1/2W 1 EB2705 01121 0686-2705 1
6181C fxd, comp 68 5% 1/2W 1 EB6BDS 0r121 0686-6805 1
RS1 frd, film 42.2 1% 1/8W 1 CEA-983 Q7716 0757-0316 1
R92 Thermigtor, 64~ at 25°C 1 LBL6T1 73168 0837-0023 1
UL-3 Operationai [.\mplj_fj_er, 1c 3 LM30LAH 27014 1820~-0223 3
VRI, 2 Diode, zener 6. 19V 2 CD35646 15818 19020049 2
VR3 Diode, zener 4. 32V 1 871121335 04713 1902~0797 1
VR4 Diode, zener 3,74V 1 CD35582 15818 15020062 1
VRS Diode, zener b, 2V 1 iN825 28480 1902-1221 1
VR6 Diode, zener 16, 2V i S410935~242 B4713 1802-0184 1
VR7 .
51770 Diode, zener 6i, 9V i 87311213-368 04713 19082-0660 i
6181C Digode, zener 150V 2 8711213-440 04713 1902-0586 2
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Table 6-4. Replaceable Parts

REF. MFR. HP
DESIG. DESCRIPTION TQ* | MPR. PART NO. CODE PART NO. [ RS8*
VR1G Diode, zener 2,37V 1 52108392 04713 1902-3002 1
VR12 Diode, zener 5. 6V 1| 1INZES 28480 | 1902-3104 | 1
VR14 .
61770 Diode, zener 42. 2V 1 1N876 28480 1902-3323 1
6181C I+ (not used} :
VR1E
6177C Diode, zener 20. 5V 1 INS68 28480 18020182 1
6181C Diode, zener 150V 8711213-444 34713 1502-0586
Chassis, Electrical
DS Neaon lamp {LINE) 1 AlC 0BB06 21400047 1
D82 Light-emitting diode (LIMIT) 1 28480 1590-0325 i
1 Fuse 1A 250V (115V operation) 1 312001 75915 2116-0001 5
M1
6177C Meter, 0-600ma, 0-60Vdc 1 284890 1120-1147
6181C Meter, 0-300ma, 0-120Vdc H 28480 1120-1148
Qb :
6177C _ Power NPN Si. i 37577 0z735 1854-0239% 1
6181C Powar NPN 3i. 4 60128 02735 1854-0421 4
Q25, 29, 30
6177C Power NPN 38i, 3 37578 02735 1854-025¢ ¢ 3
6181C Power NPN Si. 60128 02735 1854-0421
R40
6177C Var, ww 2K 1 {~turn 1 28480 2100-2029 4+t .
6181C Var, ww 5K 10-turn 1 28480 2100~-1865 1
R81 Var, cermet 50K 1 Series 550 71450 2100-2023 [
R33 fxd, comp 47K 5% 1/2wW 1 EB4735 01121 0686-4735 H
s1 Switch, rotary, line/meter 1 . 28480 1 23100-1936] 1
32 Switeh, rotary, current range 1 284890 3100-1935 H
33 Switch, slide DPDT 1 11A-1242A 82389 3101-1234 1
T1 Power transformer 1 28489 5080-1798 1
Al Inpuf Board, Mechanical
PC board edge connector 1 252-06~30-340 71785 1251-0478
Fuseholder clip 2 | 6008-3ZCN 91506 { 2110-0268
A2 Main Board, Mechanigal
Barrier strip, 5-term. 1 28480 0360-1550
Rarrier gtrip, 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 (Q1) 1 28480 5000~9316
Heat dissipators (Q27, 28) 2 207-CB 05820 1205-0033
Front Pahel, Mechanical
Pin jack, white (+ METER) 1 105-601 74870 12581-2440
Binding post (red) 2 28480 | 1510-0094
Binding post {black} i 28480 | 15:10-0522
Hex nut, binding post {nylon) 3 913-88%1 26365 2850-0144
Meter bazel 1 284890 4040-0571
Spring, meter mount 4 28480 | 1460~-0720
Lampholdér base (DS1)} 1 28484 5040-0305
Lampholder clip {DSD 1 28480 | 5040-0234
Mounting ¢lip (DS2) 1 7219-19-1-A001 0016G| 1400-0532




Table 6-4, Replaceable Parts

RET. MFR., HP
DESIG. DESCRIPTION TQ*| MFR. PART NO. CCDE | PART NO. RE*
Front Panel, Mechanigal {Coni. }
Retaining ring (DS2) 1 7212-19~1-A002 0016G | 14000540
Knob, pointer (SI, 2, R81) 3 28480 0370-1039
Knob, plain (R40) ! 1 28480 | 0370-1136
o 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 H . 28480 5020~5755
Fuseholder i 342014 75815 1400-0084
Lockwasher, fuseholder 1 192412 78189 21900654
Heat gink i 28480 5020-8067
Insulator, heat sink mount 4 28480 0340-0172
Insulator, boron nifride 4 H~-4401 61637 0340~0411
Transistor insulator, molded 4 28480 0345=-0795
Misceliansousg
Center chasgsis 1 28480 5000-30982
Rear panel 1 28480 1 5000-3097
Front panel, basic 1 28480 5820-5753
Front panel, control insert
{177C) 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
Pilt stand 1 28480 1490-0032
Tilt stand hinge 2 28480 5040-0700
Foot assembly 1 28480 5060-0728
Side frame asgsembly spacer 2 28480 | 5020-0701
Side cover 2 28480 5000~-8555
Bottom cover 1 28480 5000~8444
Top cover 1 28484 5060~-8585
Connector, heat sink assy, '
10~position 1 28480
Connector, front panel assy, ’
Z21-pogition 1 - 284840 12514854
Polarizing key {for 10-pos and
21-pos connectors) 2 2848¢
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 NC. GCODE | PART NO. RS*
Option 014 R
3-Digit decadial Current Control
" 3~Digit decadial 1 RD411 Q7716 1140-0020
Flatwasher 1 28480 | 06177-00006
Option 028
230~Volit 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 modeis. 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 available.

Q27, Q28 (6177C) 551147 {Motorola)
Q32 (6177C and 6181C) ZN6028




SECTICN VI
CIRCUIT DIAGRAM

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

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

cuit boards. On the gchematic, voltages are
given in italics adjacent to test points, which
are identified by circled numbers both on

the schematic and on the component loca-
tion diagrams.

s B0 REF |
YPPLY |

Figure 7-1. Al Input Board (6177C), Component Locations

Figure 7-2. Al Input Board (6181C), Component Locations

D

Q2%

Q30

D

Q25

Q6

Figure 7-3. Heatsink Assembly, Transistor Locations
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UNLESS OTHERWISE INDICATED.

@

LIZIDD QENOTES FRONT PANEL MARKING.

6. ¢ DENOTES CHASSIS MOUMTED COMPONT,
7 DC VOLTAGES WERE MEASUPFD UNGER THE FOLLOWING CONDITIONS

. HEVAC INPUT,

[ay

2

. HEWLETT PACKARD 427A OR LOWVALENT,

ALl RESISTORS ARE N OHMS, /2,1 5% UNLESS OTHERWISE INDICATED.
ALL I/8W AND t/4W RESISTORS ARE 1%, UNLESS OTHERWESE INDICATED.
ALL CAPACITORS ARE ¥ MICROFARADS UNLESS OTHERWISE INGICATED,
AL CONPONENTS LLOCATED ON A2 MAIN PRINTED CIRCUIT BOARD,

. VOLTAGES ARE TYFICAL £i0% AND ARE REFERENCED TO COMMON @7

SUPPLY 1N CONSTANT CURRENT OPERATION, AT MAX. RATED QUTPUT,

SHORTED SUTPUT, VOLTAGE CONTROL FULLY CLOCKWISE,

@

DENOTES VOLTAGE LIMIT OR GUARD FEEDSACK SIGNAL.
m—— QENOTES CURRENT FEEDRACK SIGNAL.

JUMPERS ARE INCLUDED AS NECESSARY, AT THE FACTORY TO CALIBRATE

METER (SET SECTION T OF INSTRUCTION MANUIL).

10, CIRGUT COMMON BDINT, DO NOT CONNECT TO
PiN LOCATIONS FOR INTEGRATED CKTS,

FOLLOWING:

2. THE SGUARE PELATED PADS OR ALL PG BOARDS

AL PEN §OF AN LE. OR TRANSISTOR,

B. POSITIVE END OF A POLARIZED CAPACITOR.

¥

OR - QUTPUT TERMINAL.

(HEU3Y ARE SHOWN BELOW:

INDICATE CNE OF TRE

C. CATHUDE OF A DICDE OR EMITTER OF A TRANSISTCR.

TABLE 1

MODEL §17TC MCDEL 6181C
c2n Q1F, 200V 0.22,F, BOV
T3 560pF 200V aT0gF, 300V
c53 TEOpE, 300V 390pF, 300V
Ri 2, V%, TE5W 10, /2%, 7.5W
e 18, 1%, i/BW 90, O1%,18W
n3 180, 0.1%,U8W 900, 1/2W, 3/6W
R4 32K, 5%, ZW 3K, 5%, 2W
i) T EK, %, /8% 332K, | %, /AW
RY 200, %%, 1/2W 2K, G, V2W
R9 100, 5%, i/2W 220, %, {/2W
RIO 6.8, 5%, 3W 20K, 3%, 3W
Az 1K, 5%, I/ZW 2%,5%, | /2%
RE2 150, 5%, 1/2W 300, 5% . 1/2W
RPZ .23, 5%, /2% i, 5%, 2W
Ras E 5K
RS3 arey, 5%, VEW 240, 5% /W
RET. B5.2K, 5%, |/4W LK E%, 1AW
RTATS| 47, 5%, I/2W 12, 5%, W
RT677 | 3.9, 5%, 1/2W 8.2,5%, I/2W
RE0 2K,5%, 5W 5K, 5%, 5W
RB2 BK, 5%, SW B, 5%, W
R84 i+ T5K 5%,3W 33K, 5% , W
fakile] THO, 1%, 1/8W 23TK, (%, i/8W
RE6 330, {%, I/8W 209, 1%, I/8W
R87 42.2K, 1%, |/8W 105K, 1%, 174 W
RB8 EEML %, /ZW 33M, 5%, /2w
RBG 18, 5%, 1/2W 39, 6%, 1/2%W
790 27, 5%, L/2W 68, 5%, 1/2W
VRT 1.9V 150V
VR4 42.2Y NOT USED { JUMPER}
VRIS 20.8v iS50V

Model 6177C and 6181C, Schematic Diagram






MANUAL CHANGES
Model 6177C and 6181C Precision Constant Current Source
Manual HP P/N"5950~1?h9

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

ges(g) in the manual.

Model £177C

i SERIAL | MAKE |
e | CHANGES |
| Prefix | Humber | |
R ey | = e |- I
| 15254 | o0128-001L7 | 2 |
1 15514 [ ooiu8-00167 | 2,3 |
| 16104 | 00168-00267 | 2,3,4% |
[ 17074 | 00268-01157 | 2-5 |
| 22384 | 01158-01217 | 2-5,7 |
| 231La | 01218-012k7 | 2-5,7,8 |
| 23394 | 012u8-01382 |2-5,7-9 |
| 2h2kha | 01383-up [2-5,7-10 |
CHANGE 1:

In the parts 1ist and on schematic
for Model 6181C, make the following
changes: Under A2 Main Board: change
R8T to 100 k, 1%, 1i/2 W, EP P/N
0757-0367. Change R88 to L.7M, 1/h
W, HP P/N 0683-h755.

CHANGE 2:
Make the following changes to the
schematic and the parts list for the
Model 6177C:
Chenge RG 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 te the main PC beoard are now
prefabricated. Under Miscellaneous in
the parts list, delete both comnnec-
tors and the polarizing key and add
the following:

heatsink cable assembly 5060-2692

front panel cable assembly 5060-2691

The heatsink cable assembly includes
eight 1251-4223 crimp terminals, one
1251-4224 10-contact commector, and
one 1251-3942 polarizing key for the
connect or. The front panel cable as-

sembly includes twenty 1251-422%
erimp  terminals, one  1251-4025
20~contact connector, and one

1251-3942 vpolarizing key for the
connector.

Model 6181C

1 SERIAL | MAKE |
fmmmm e - | CHANGES |
! Prefix I Number i |
frmmmrmmm— [-=mmmmmm e fommm e !
| 15254 | 00109-00188 | 1 !
| 1603A | 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 |
| 2h23a | 016Th-up i 1,3-8.10!
CHANGE 4:

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

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

1
3
H
i

H
H
i
|

e
LAMP WAS HERE




Models 6177C and 6181C Page -2-

ERRATA:
Change the part number for knob,
plain (RL40) to 0370-1001.

The front panel binding posts have
been changed to a type with better
designed insulation. Pelete the two
types of posis listed on page 6-9 of
the parts 1list and add: black binding
post, HP P/N 1510-011k (gty 1); and
red binding post HP P/N 1510-0115
(aty 2).

CHANGE 5:
Line voltage selector switch 53 has
been relocated to reduce common mode
output ripple. On page 6-10, change
the HP P/ of the center chassis to
5000-3136. -

ERRATA:
Effective January 1, 1977, Option Ollu
{decadial for 1i0-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 to 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 1M00-0084 to
fuseholder  body 2100-056X4 and
fuseholder carrier 2100-0%65. Change
the HP P/N for fuseholder nut from
2950-0038 +to 2110-0569. If old
fuseholder must be replaced for any
reason, replace complete fuseholder
and nut with new fusehoclder parts. Do
not replace new parts with old partes.

In the replaceable parts list and on
the schematic, change the wvariable
resistors. RU6 and RS56 to 20 k ohm,
1/2 W, HP P/N 2100-0558.

On page £-10, change: Bottom cover to

EP P/N 5000-9368 qty 1. Top cover to
HP B/N 5000-9367 qty L.

CHANGE 7:
In the parts 1l1list and on the
schematic, change VR4 to 4.22 V, 5%
HP P/N 1902-3070.

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

Qty.1l.

CHANGE O:
In the replaceable parts list, page
6-~7 and on the schematic Figure T7-5
change R66 to 56 ohm, 5%, HP P/N
0686-5605.

ERRATA:
When required, it is recommended that
R66 be replaced with HP P/N
0686-5605.

ERRATA: _

under A2 Main Board,
change Barrier strip,
HP P/N 0360-2177, and
te HP P/N

On page 6-9,
Mechanical,
5-term. <o
Barrier strip 4 term.
0360-2180

CHANGE 10:
On page 6-10, in replaceable parts
list, under miscellaneous, add ter-
minal strip, HP P/N 0360-0393, total
gquanity 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 %able,
change in the second line ‘'dc to-
20MHZ" to "20Hz and up”.

12/09/84
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Medicai Gniy

internationai Aeri:im(& AJLig
2.0 Box 19017

Haironl Aiepont
Nai irﬂhl

Tel 2

Telex 222011‘22301
Gante: INTAERH) Nairodi

KOREA
Samsung Electionios Ca., Ltd.
‘!im Fhmf Baarospak Bidg .,

umew Mao-Ra Chung-Ku.
Seaul
T (233 BB1Y, MG-340%72515
1 23578

Telex.
Cabis: ELEKSTAR Seout

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

Tokntk Mutu Sdn. Bad. Christchureh

Hp. 2, Lorong 13/64 e 832018

Sectign 13 Catile: DENTAL Christchurch
fetaling Jaya, G Ony

Tet: 5asi 486 e Supplies §.7. L.

Tole: MA 37605
;'mel Ennmeanna

Lat 259 Satck Aoad
Kucting, Sarawak

Tei: 53544

Cable. PROTELENG
MOZAMBIOUER
A N Goncalves, Lid,

35}3 Grest Klnq Strest
B0, Box

Dumd&n

Gahie DfRTM Duredin

RIGERIA

The Electronics
Instrsmentations L.

NBB77C Oyn Hoao

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

Lagoa
Cabla: THETER, Lagos

PAKISTAN
Mushio & Company Lid,
Uosman Chambers
Apdulisk Haroon Aoad
Kazachi-
Tei STEOZT. S12927
Talew: 2804
Cabte: CODPERATGR Karachi
Mushiko & 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
Sandlon, Transvagl, 2344

}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:

HBM”TE PEL"KW inle:aonnnama,

Guam Medical Sunply. e, Megaishi Mangiram Tanigawa Building = Apt 14 Av. O Luis Cluseun House Hewlell-Packard Centre 0 1

J:ya ?ﬂse ﬁ:ﬁdmg??ignn? sz xoi/t678 Mahatma Gandht Ret 2-24-1 Tsuruys-cho Ca:xa Pus:ax 107 £.1.8 5402 Bapnna Street, Wendywood, Pal Ailu. cal:‘msa 84364
P.0, Hox 8347 Cochin 662 516 Karagaws-ku Napu tbadan Sandton, 2144 Tei: (415¢ BES
Tamuning 36311 Tel: 32669, 32'51 32282 Ynkuhama, 22t 2709; 27134 Tat: 615717 ) i wz—aocws W, 91(-375-1267

Tel: 646-4513 Triex: 0B85 ek 045-312-1252 Te)ex 6203 NESON Ma Teipe: 31231 TEIL Nigeria Telox. 84782 Cabie: HEWPACK Palo Alto
Cadle: EARMED Guam Casfe: Bwesma Tiex: 3&2 3294 YHP YOK Gable: NEGON Catile: THETEL ibadan Cabie: HEWPAG;( Jenannasburg Tainx: 034-8300, 034-8493
ALBERYA ONTARIO '

Hewlet-Fagkard z:anm. g, Hewiot-Packard (Canada) LY,

11620A - 1681 10120 Merrisan Br.~

Edmanton T5M m Ottews KZH 867

Tel: {403) 452-3870 Tak: eaia&sz&sm GUE

T Bi-53T-2431 BRITISH COLUMBIA WANIT NOVA SCO §53-1634 o Pac:cani {Ganada) Lid,

Huwleti-Packard (Camz} i, FHowiet-Packarg {Canada) Lid. Hawters-?acnam (canaua} L. Hawlet- Packan! {Canuda} L1, Hewlet Packaru (Canaﬁa} d. 273 Hym

10,7220 Fxsmf St S.E

10891 Shefibridge Way

380-550 C

830 Wingmil Roag

6877 Goreway

Pnlma CIalm HBR 167

C Ige: Pichmond VEX 2%7 Oartmauth 338 111 Missizsnu, L4V 79( '554 69? 4232 FOR CANADIAN AREAS NOT LISTER:
a ?d,ﬂ'g) 250 27!3 Tek {604} 270-2277 Tell [2 4 ?BS—BT{H T8i, {302) 468-7820 Tel: {416} 678-8430 3022 Comact Hewlell-Packard (Canada)
wx GiR-B2-Bll T 610-825-5050 TWX: 5310-671-3531 TWX: GI0-271-4462 HFX TWX: 510-402-4245 TLX 05'3215’21 HPCL L1d. in Mississauga.
MEXICO

ARGENTINA
Hewieﬂ Packart Argenting

Av ‘Leantro X, Alem 827 - 12
10t Busitos Alres

Tel, 3t 6053 4
Telex: 12244 GGy

Catile: NEWFA"KAHE

Biotron A C.iy M.

Balvar 177

1068 Buenos Alres

Tei: 30-4848, 34-8356, 34-0480,
Talew: 17595

BOLIVIA

Casa Kaviin 8.4,
Catis Potosi” 1330
P.0. Box 500

La Pag

Tek 41530,53211

Teiex: GWEI SX 52498 1T 3560062
able: KAVL!

Hewke't ;ackara da Brasil
4

Aiamuda Hio Nepra, 750

Alghavilie

aem Blarueri SP

ek 428-3222
Cabie: HEWPACK Sap Paule

Huwler! Packerd & Brasil
Rua P“r!ra Ghaoas 32

90000
Taz: 50512) 22~299%, 22-5821
Gahie: HEWPACK Folto Alegte
T(uwcielinpanharﬂ do Brasit

-3
Auz Sigueira Lampos, 53
Lopac ahana
20000-Ric de Jannizo-RJ
et 257 BD 54-000 102 ;2\
E:!e: dal- 212 390 REWP-81

Rig ﬁ& .}anesm

HILE
Caicagni ¥ Metcalle Lida.
Rizmarz 5!3{)-0? 87
Casiila 2

Cable: CALMET Santiags

COLOMERA
instrumentacisn

Haneix A, Laa|ei}aek & Kar S.A,
Carrera T Np, 48-78
Apartade Adres §287
Bogotd, | D,E.

Talt 89~ 8&-77

Telex: 044-400

Calrig: AARIS Bogotd
wistrumentacion

HA. Lanpebask & Ker 5.4,
Apartado Asre 54038
Madeilin

Tl 304475

COSTA RICA

Ciertitica Costarriensa S.A.
Avenida 2, Calle §

San Patira r!u Montes de Oz
Ananada

Tel: 24-38-2[7. 24-08:1%
Telex: 2367 GALGUR CR
Cable: GALGUR

CUADOR
Computaioras y Equipes

]
floy Atfard No. 1824.3°Piso
Quite

Tui 453 482

sloe 2548 CYEDE £
Bagha-Quito
Medleal Onty
Hospitalar S.A.
Cagilla 3580
Robles 826
Quito i
Tei; 545-230
Cable: HospitatarCuito

EL. SALVADOR

Instrumentacion y Procesamisalo
Slactronico op e Salvedor

Butevar go los Heroes t1-48

San Salvador

Tab 252787

GUATEMALA

i

Avenitia Raforma 3-48,

inna &

Guatemals C

Tek 316627, 314 86,65471-5,2x0.9
Teiex: 4192 Taittro Gy

Hawhm Packafd Meseans,

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

Tel: 205- 5764809

Telex: Qt7-74-507

gewbeﬂ 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 Flamencos 145

San sidro Casitia 10939

dima 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

40-31-02
Cable; AADIUM Montevides

Teb (415) 95
TW

VENEZUE!
gﬂ:ﬂﬁﬂ Packard du Veaerela

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, C.\kg:@rma 84304

703731260
3 PACK Palo Afts

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



EUROPE, NORTH AFRICA AND MIDDLE EAST

AUSTRL
Hewleit Packard Gas.onb H.
Handetska\ 52

i 7
M 255 Viem\a
Te: 354520-29
Galle: HEWPRX Visnna
Telew: 73923 hewpak 8

BELGIUM
gm’w -Pagiard Benslux

fuehut g Cobvert. 1,
{‘fuenkmagiaanj

1170 Brussels
Yel: {02} 560 0047 6722248
Gable; PALGBEN Brussels
Teiex: 23-434 palehes bry

CYPRUS

Kypremcs
1§ Greqonos Xenopoutos Sireet
.0, Box 1152

Ml:osls

Teiz 456

Cabla: xypmnms Pangehis
Telex: 3018

CZECHOSLOVAKIA
Vyvaiova 3 vaozni Zakiadnz

et

FRANCE

rinwien-Packard France
Guartier‘te Cotrtabozul
Bofie Posixe o, 6
F-31401 Ofsay Gadeu

Tet: (1} 40

Cabte: HFWP&EK Drsav
Telex:

Hew!etﬁ Pankzm Frante

Bureay de veme ge Lyen

“Le Saguls

Ch-mm dss Hothlas

; 69135} Ec\)liy Gidix

Tei: 178} 33 81 26,

Cable: HEWPACK Eculy
Telex: 31 96 17
Huwlati-Packard France
Burgat de vente 8o Toaioose
Péricantre to |2 Cdpidre
Ghamin de la uéuléfe 28
F-313060 Tuuéeuas-i.a Mirail
Tell(ﬁiti

Cabie: EWPM‘K 5157

Tekwoe SH957

Hewlatt- Packﬁrd Feance

La Ligoun

Bureau de wma 4 Marsuifies
Placa Roude de Vitlinueye

Hewded -Packard Gmbid
Tochnisehes Blrn Hamburg
Wenrenstrassa 23

G-2000 Hnmb\z?a

Tel: (04d) 24 £3

Canle: HEWPACKSA Hambrarg
Telex: 21 63 032 hphi o
Hewlen-Packars GmoH
Techmsches Blio Hannover
Am Grossmark §

0-3008 Hannover 51

Tef: (0511) 46 60 01

Telex: 032 3269
Hewlet-Prckard GmbH
Technisches Biro HEmberg
Nuum«yurstrassa 5Q

Tei {09! 1) !FE 38 83
Yolax: 0623 B

iewlatt-) P:ckanﬁ BmbH
Technisches Bliro Minchen
Eschanstrassg §

0-802t Tautkirohan

Ter (089) B117-1
Howipti-Packard Genbi

£S3R-25097 Bechovicu u Prahy

Tei 83 93 41
Taigx: 121333
snstitute of Wedical Bignics

Wskﬁmnﬁy istay Lekarskej Biotriky
Jodiovi

£5-88346
B;:n‘ismvu—i(umau

Teiox: 93228

PoR
Entwickiungslabor dar Tt Dresdan

i—ﬁrschamgsmsutut Mainsherg
DhR-7.
Waid;lelnvualnsbsm

Talax: $18V41

Expert Contact AG Zusrick
Guenther Forgber
Schiegeistrasse 15

1040 Bariln

o 42-74-12

Telex: 111589

leat{ Paeksrd S
Datav:

DK, 3&&0 Birkerog
Tel: {62) B1 &6 40
Labia: HEWPACK AS
Tedex: 37408 hpas dk
Hawilelt- Par:kan! MS
Naverve]

Er Siocorg
Tal; {06} B2 71 66
Telex: 37409 fpas dk
Cabile: HEWPACK AS

EQYPT
LEA.

snaamaumat Engineering Asseciates

24 Husseln Harazi Strast

Kagr-ei-Adni

Cairo

Tel: 23 839

Tolox: 2067

Capie: INTENGASED
chamed Sami Amin

Sami Amin Trading Otfice

18 Ahdel Avir Gawish

Abdine-Cairo

Tel: 24932
Table: SAMITAG CAIRD

FINLAND

fiewloit-Packard OY
Mznmnonsunu 5

SF 0{3211 Nllllnkl 2

Tek: (39 03¢

Cable: EWW\CK(}Y Helsinkt
Teiex: 12-1563 HEWPA SF

i
Gab!g %}EWPACK MARGN
Taigx: 410770
Hewlah-Packa France
Buread de vents de flannes
g Ahaezﬂe ta Bourgnette

Y]

F 35‘%90 R-mmu Chdax

o: (85 81
Cahis: HEW?AGK 74912
Taipx: 744812
Hawlatt-Patkard france
Burgae do veme ﬂe sxmssbou;o
i, rua i Canai da fa Marse
£-87300 Scohitigheim
Tel: (38} 83, 08 1053, 11.52
Telax: 89014
Catig: NEWPAGK STRBG
Hewlstt-Packard France
Bureay ge veste de Lills
Irtmeubla Pércantre
Fuya van Gogh
F-38680 Vitlemauvs o Asty
Tel: (20} 9? 41 25

me Pm:erd Franen
Bureau g8 Vi

Cantre ¢' aﬂa;res Paris-Nard
Abtiman: ARgES

Rus g6 [z Commung Oa Paris

£:94153 La Blshs Masndl Gadex

Tai: 1) 931 80 50
Hewlatt-Packard Feance
Bursa o2 venis 42 Bardsay
Ry, gy Pt Kannaty
£-33700 Meziguac

Tak (56 97

GERMAN FEDERAL REPUBLIC

Hewlatt-Packard GmnH
‘Wartriobszentrale: Frankdun
Betner Swasse 117
Pogttach 580 140
EJ-BO’UU ?rnnkiuﬂ 56

Tek {0611) 80-04-
Cable: HEW?ACKSA Franifurt
Telax: 94 13248 hptla o
Hewlstt-Packard G
Tachnisenes Bdro Bokingen
Herrentierger Strasse £

0-7030 Bdblingen, Wirttemberg

‘Tel: {0703) 6871

Gable: HEWFACK 36blinges

Teiex: 87265739 bbn

Hewietl-Packard Gmbh

Technisches Burp Dlisseidort

%E)manuel-tem -Str. 1(Senslam)
5

Tet: (0211} 59711
Telex: 088/868 333 hpdd 4

Buto Rerin
Kanhstrasse 2.4
01000 Surlin 30

Tel: {0303 24 & 86
Talzx.018 3405 hphin d
GREECE

Kestas Karayannis
& Ornirou Straet

Tel: 32 30 303337 13
Teiax: 2t 59 62 RK}\R GR
Gable: AAKAI

Ana?'luz UMy

INTECD

G. Papamawassmu & o
17 Marn| Sirgat
Athenc. 103

Teb 5522 9155231 988
Taisx: 21 6329 INTE GR
Cable: INTEKRIKA
Madical Only

Fertmomead Hallas Lid,
52 Skaufa Street

Ay 135

i

Tek 3626 972
Toiex: 21 4883
Cabig: ETALAX

HUNGARY

M

Miiszarigy #s Mérastechaikst
Savigalata

me Packard Service

Eenin Kt, 67, P O.Box 241
1391 8udapast

Tk 4203 33

Yebex: 22 51 14

ICELARD
Madhcat Only
Elding Yeadh
Hainarmroﬂ
ES F!t Itvlk
Tah: 158 2671 6303
Cable: ELDING Reyigavi
IRAK

Hewiett-Packard fran L4d.
Hg. 13, Fourtesnth SL

M Emad Avanug
P.G. Box 41/2419
Tahren

Campany inc.
TyagvaRdt

Tel: 851082-3
Tetax: 213405 hewp Ir
IRE:

-AND
Hawkasn ?ackam [C:R

Tal: {{)‘134) B4 T4
Telax: BATITE
Gabie: Hawnis London

Hewiem?ankarc 1ta|;ama Sph

Via Amerlgo Vespueei 2
Gaselia postale 3645
20124 Miang

Tek: {62) 8251 110 lines}
Canle: HEWPALKIY Milane
Telx: 32048

Hewlat-Packaed Refiang S04

Via Peliizto §

$:35100 Padova

Tel: {449} 55 48 B2
Tedex: 1612 Bewpacki

Via G Armaiin

1-0(!3 a3 Rama

ek {06} 54 52 61

Talgx: 61514

Cable: HEWPACKIT Roma

Hawlart- -Packard i!ﬂahailz S.pA.

Hewiefi-Packard [taliana S.p.A

Corse Giovanni Lanzs 94
10123 Torino

Teh{G11) 622245/659308
Medical/Calcatators Ohly

Hewlatt-Packard {izllens S.0.A.

Wiz Principe Micofz 43 G/
[-85126 Catarda
Tel: (095} 37 03 04

Howiett-Packard Italiana S.p.A.

Vla Amerigo Vespucei, 9
80142 Mapoll

Tok: (081} 33 77 31
Tafex: §1.51.4 Via Roma
Hewist-Packarg Haliana S.p.8.
Via E. Magi, 9/8

40137 Bologna

Tel. {5} 30 78 87
JOHDAN

Mouzgher Causins Co.
P.0. fox 1387

Cabl: MGUASHERCE
KUWAEY

Al Knabﬁry: ‘traging &
P. 0 E!.ux &sgrsum
Kuwsit

Tel:42 491041 1726
Telax: 2481 Am}p K
Caiilg: VISCOUN
LUXEMBURG
+ewlatl-Packard Bsnalux
SAMNY.

Aveitog Gu Colvert, 1

'EaE (B‘.p 872 22 40
Cabla: FALOBEN Brussals
Tolex: 23 494

MOS!DCCO
81 ma Karllahi

Te! 22 4! 32,’37
Talex: 2305123833
Chble MATERG

Garep .
190 Bivd, %!rltum Roudani
Cassbizne:

ol 25 16 2’5125 9308
Teiox: 23738

Cabie. GEREP-CASA

2 F?ue d' Agadir, B.P. 156
Sazablance

Tek 27 85 40

Teiex; 21 737

Cabie: COGEDIR

NETHERLANDS
Hawistt-Packard Senelux M.V,
Wah Heuven Gosdhanizan 12t
P.0. Bk 667

Ri-Amsteiveen 1134

Tei: (020} 47 20 21

Gania: PALOBEN Amstardain
Telox: 13 215 hopa nt

NORWAY
Hawlett-Packard &/S
Osterdalen 18

4, Bux

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
Avegida Anluﬂu} Auqusm
6
- 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
ant

Jed
Ta[ 274?9“6
48
Ca!sk‘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

?ui: (!3 45& 26 00 {13 taes)
ax:

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

E-Bar i

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

orul
Tel B&'?‘O 10, 88-24- 49 B8-67-85

Hawiett-Packard Espadola, 5.A.
Av Raman y Caiad, ¢
Edificky Sevifia. planta 8°
Saviile 5
Tk 64 44 6458
Howlutt-Dackard Es dolz 8.4,
Editicic Ai (35
{-Bilbso
Tat 2383 DSF23 82 06
Hewigtt-Packaty Esuaﬁula S.A
C/ARamon Gordilo
Entio. )
f-Valsncia-
Tei 95- 351 13 547361.13.58
SWEDEN
Hewiglt-Packaed Sverige AB
Enighetsvagen 3, Faek
§- 16? Bromme 20
Cab{e' MEASUREME?\&TS
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: 539{13 haag ch
Catihe: H

Hewiet- ?ackar:! [Schwaiz} AG
Chateau Bloc ¢

Teiox: 27333 &

oh
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
Tal: 280 144
Coremna
1 ter Av. de Cartaaga
Tunis

ot 253 821
Tasex: 12519 CABAM TH
TURKEY
TEXMIM Gompany Lid,
Fiza Sah Pehiev|

sddesi No, 7 .
Kavaklidore, Ankara
wl 275808
Telex: 42155 TRNM TR
Maazcal aaly

MJ!\em!zsélk xoﬂeiﬂh Slruun
Madiha kidem Sekak 418
Yirksel Caddes

rekare
Tok 17 58 22
Cabie: EMATRADE Ankara
Analytieat only
Yiienaz Orvarek
Milli Mudates Cad 168
Hizilay

Ankara

Tel 250308 1788 26
Taiex: 42576 OZEK TR
Cablg: OZYUREK ANKARA

URITED ARAB EMIFAYES
Etnitae Lta,
#.0. Box 1841

1

il
Tel. 241213
Talex: 81726 EMITAC SH
Cablg: EMITAG SHARJAH
UNITED KINGDOM
Hawlet-Packard Lid.
Xing Strast {ane
bt Wmnarsh Nokmqham
Berxs, RG1Y
e (0?34) ?ﬂ 4? 4

Gt i 1.omgten
Telax:ﬁdi‘ 8%
Hewiett-Packard L1¢.
Tradalgar House
Havigatlss Rosd
Aftringham
Chashira WATS TNU
L6ty 928 G422
Tesex: S6B0SH
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¢
18, Weslay 5!

Castioford

Yorks WEID 1AE

Tel (0977 550018
Tetex: 557355
Hewlalt-Peciac Lid

1, Waliace Way
GB-Hitehin
Rerttordsiise, 364 GSE
Tal: (0462 211t
Telax: 82.59.8
Hawiat-Packard Lid

2C, Avgnnag industrisl Estate
Long Mile Bas

ubiln 12
Tel. Dubdin 514322/514224
Tale: 30438

USSH

Hewiet!-Packard

Rapresentative Office USS
Pokrovsiy Belleward 417 kw 12
Moscow 13000

ek 207.59.24

Telex: 7825 hewak 50
YUGDSLAVIA
Iskea-StandasdiHewist-Packars
Mikiegiceva 3

51000 Ljubijana

Tel: 3% 58 79/37 16 14

Teter, 31583

SOCEALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:

ewleH-Packard Ges.m.b.H
Hardelskai 82

2.4, Box 7

A-12705 Vienea, Astia

Tak (3222035 16 21t 07
Gabla: HEWPAK Vienna
HEDITERRANEAN AND
MIGDLE EAST COUNTRIES
NOT SHOWN PLEASE CONTACT:
Hewlatt-Pasgard $.4
Meciterranean and Miste
£ast Dperations

35, Koigkstiont Street

Platia Ketaliaripu
GR-Kilissiz-Athens, Gresce
Tal: 80560337/359/429

Capie: HEWPAGKSA Athans
FOR OTHER AREAG

NOT LISTED CONYACT
Hewlatl-Paorard 5.4

7, fug gu Bes-du-lan

P4, Box
Cr{ %2 7 Heytin 2 - Genovo

jang
T'I (UZZg 4270 9
Cabie: HENPAGKSA Geneva

UNITED STATES

ALABAMA

PO Bax 4237

8290 Whitesburg O+,
Huntsville 35402
Ted: {205} BB1-4551
8333 £ Ruebuck Blvd.
Birmingham 35208
Tal: {205} §36-2203/2

ARIZONA

2336 £. Magnotia St
Phoenix 83034

el {602} 244-136¢
7424 £ast Aragen Rd.
Tucaon A5706

Tel: (602 8694661
"ARKANSAS
Meéfwaa Sem;cn Oniy

Braty Statton
Littte Rock 72215
Teb {5013 376-1844

CALIFORNIA

1430 East Grangethorpe Ave.
Fulterton 87831

Toil {714} 87C-1000

3938 Lankershim Soulguart
Norlk: Hoilyweod $1804
Tol: {213) 87712827

TWX: 910-488-2671

5400 West Rosecrans Bhvis.
2.0, Box 92105

Warld Way Pastal Caater
Los Angeles H0003

Tel: 1213} 9767500

TWX. 910-325-6608

‘L.os Angeles
Tak 1213} 178-7500
3003 Seutt Boulevart

TWK 15-338-0518

‘ﬂlngecres!

Tek {714} 446-6165

846 W Neorth Markat 8ivd
Sacratmnte 25834

Tel: {$16) §29-7222

9806 Asro Driva

Teir (TH} 278-3208
‘Tarzena
Tek (213} 705-3344

COLORADD
5600 (TG Parrway
Engiewood 80110
Tel: (303) 771-3458
CONNECTICUT
12 Lutar Drive
New Haven 08525
'!?.i {23 389-6551
TWX T30-465-2028

FLORIDA

2.4 Box 24218

2727 NW. B2nc Strast
FU Lruderdale 13305
Tei: {305) 873-2800
?3423 Emersth Streat

Jueksanyiiie 31207
Tel: (504) 725-8333
P.0, fox 3810
G177 Laks Eliengr De,
Qriando 32800
Tel: (305) 358-2000
PO, Box 12826
Suylte 5, Bidg. 1
Giies Pack Notth
Pansacole 32375
Tek. {904} 475-8422

GEQEGIA

.0

468 Imersta(e No!‘tn Parkway
Atlania 30344

Tal: [404) 9551500
TWX:AT-TE6-4880
Madical Sarvica Only
“Auguste 30803

Tel: {404) 735-0542
£.0, Box 2103

172 ¥, Davis Drive
Wernar Aobina 31098
Tek (912} 822-0448

HAWAI
2375 Sa Kigg Siresl

‘lat (8[)%} ‘355-“55

szm 'FnEth or.

Roli Iown 53008
Tel tiri?!) 255 98439

2260
IHOIANA,

2301 North Shadsiand Ave,

Intfianapolissf5h

'i'ut (31 84721000
260-1787

24%5 Hlmz Rmﬁ

!ui 315) 333 9‘66

KENTUCKY

Madket Orﬂy

3561 Atdinson B

Baita 407 Atkmson Souare

Loutaviin

Tek: (502} 45&\5?3

LOUISIANA

£.9. Boy 1449

3223-39 WHiiams Soulavard
enrror 70063

Tal: {504} 4436201

MARYLAND

BT07 Whitestone Road

Baltimora 21207

i (3&1 944-5400
8629157

2 c:me Charry Road

Rockyilia 20850

Teb (307) MB-E370

TWX: 110-828-8684

MASSACHUSETTS
32 Hantwall Ava,

Lliln?tcn o
Tel: {817} 6£1-6950
T 710-326-5504

MICHIGAN

23855 Ressarch Drive
Farmi n Kilix 46024
Tei: {313} 4765400

724 West Cantre Ave.

Kajamazace 49002
Tl (G08) 323-8362
MINKRESOTA
2400 N, Por Ava.
54 Paul 55113
Tal: {512} 836-0700
FHBSISSIFP]

322 K. Man Plaza

Satkaor 3206
Teb (601) 882-9363

MiSSOUR:

11137 Coloraga Ave.
Keraas Clly 64137
T#l. {816} T63-8000
THY: 910-771-2087
1024 Exgcutive Parkway
Sh Louis 83141

Tel: {314) 878-0200

NEBWASKA
edical Onz
7I7E Marcy oad

Oml BR103
Teh EWZ) 392-0948

KLE.VAVDA
“Las 8
Tel: (mgﬁas-sm ]

NEW JERSEY
W, 120 Contury Rd.
652

Clystal Bmok Profagsional
Bufiding. Aguts 35

Eatontown 07724

Teh{201) §42-1384

NEW BEXICO

PO, Bux 11534

Station

HSGD La'na.s Bivd., B
Albi u«qtu 37123
Tel, (585}2

TV 9%&989 !i85

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
1787

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

reenlburu 27405
Yel (919) 852-1800

Medrmucampuzes only

e

13 E, Kern r HG
Lincinnat

Tol: 1543} STE—NBE
18500 Spragus Road
Chavainnd 44130

Tet (216} 243.7300
TWX: B10-423-8430
330 Progress: Rd.
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]









