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SECTION I %
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This power supply, Figure 1-1, is completely
transistorized and suitable for either bench or relay
rack operation, It is a compact, well-regulated,
Constant Voltage / Constant Current supply that
will furnish full rated cutput voltage at the maxi-
mum rated output current or ¢an be continuously
adjusted throughout the output range. The front
panel CURRENT controls can be used to establish
the output current Hmit {overload or short circuit)
when the supply is used as a constant voltage
source and the VOLTAGE controls can be used to
establish the voliage limit (ceiling} when the sup-
ply is used as & consiant current source,

1-3 The power supply has both front and rear
terminals, Either the posgitive or negative output
terminal may be grounded or the power supply can
be operaied floating at up to a maximum of 300
volts off ground,

1-4 A single metier is used to measure either out-
put voltage or output current in one of two ranges,
The voltage or current ranges are selected by a
METER switch on the front panel,

i~5 The programming terminals located ai the
rear of the unit allow ease in adapting to the many
operational capabilities of the power supply. A
brief description of these capabilities is given
below;

a. Remote Programming

The power supply may be programmed
from a remote location by means of an external
voliage source or resistance.

b, Remote Sensing

The degradation in regulation which
would occur at the load because of the voltage drop
in the lcad leads can be reduced by using the
power supply in the remote sensing mode of opera-
tion.

c. Series and Auto-Series Operation

Power supphcs may be used in series
when a higher output voltage is required in the
voltage mode of operation or when greater voltage
compliance is required in the constant current mode
of operation. Auto-Series operation permits one

fe total output voltage from a

knob control of t ]

"master” supply
and Auto-Parailel Cperation

er supply may be operated in
parallel with a similar unit when greater output
current capabiliy is required, Auto-Parallel opera=-
tion permits one:knob control of the total cuiput
current from a “@aster" supply.

e, Auto-Tracking
The pdwer supply may be used as a
"master" supply, having control over one {or more)

nslave” supplies that furnish various voltages for
a system,

1-6§ Detailed @pecifications for the power supply
are given in Table 1-1.

1-7 INSTRUMENT IDENTIFICATICN

1~8 Hewlett~Backard power supplies are identi-
fied by a three~part serial number tag, The first
part is the power supply model number, The

second part is the serial number prefix, which con~
sists of a number-letter combination that denotes
the date of a significant design change, The num-
ner designates the vyear, and the letter A through L -
designates the flonth, January through Deceémber
respectively, The third part is the power supply
serial number,

i~8 If the serial number prefix on your power sup--
ply does not agree with the prefix on the title page
of this manual, change sheets are included to up-
date the manual. Where applicable, packdatify
information is géven in an appendix at the rear of
the manual,

1=-10 ORDERING ADDITIONAL MANUALS

1-11 One manual is shipped with each power sup-
ply, Additional manuals may be purchased from
your local Hewlett~Packard field office (see list at
rear of this manual for addresses}, Specify the
model number, serial number prefix, and ¢ stock
number provided on the title page, .«



Table i-1.

Specifications

INPUT:
105-125/210-258 VAC, single phase,
50-400 ¢ps,

QOUTPUT:
0-20 volts @ 1,5 amps.

LOAD REGUIATION:
Constant Voltage -~ Less than 0, 01% plus 4 mv
for a full load o no load change in output current.
Congtant Current -~ Less than 4, 03% plus 250pa
for a zero to maximum change in output voltage,

LINE REGULATION:
Constani Voltage ~- Less than 0, 01% plus 4 mv
for any line voltage change within the input rating,
Constant Currgnt ~~ Less than 0. 01% plus 250upa
for any line voitage change within the input rating.

RIPPLE AND NOISE:
Constant Voltage <~ Less than 200uv rms,
Consgtant Cwrent - Lesg than 500pa rms,

OPERATING TEMPERATURE RANGE:
0 to 50°0C,

TEMPERATURE COEFFICIENT:

Constant Voltage ~- Less than 0, 02% plus I mv
per degree Centigrade,

Constant Current -~ Less than 0, 02% plus 1 ma
per degree Centigrade.

STARILITY:

Constant Voltage -— Less than 0, 10% plus 5 mv
total drift for 8 hours after an initial warm=-up time
of 30 minutes at constant ambient, constant line
voltage, and constant load.

Constant Current —— Less than 0, 10% plus 5 ma
total drift for 8 hours after an initial warm-up time
of 30 minutes at constant ambient, constant line
voltage, and constant load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE:
Less than 0. 02 ohms from DC to 1 Xc.
Less than 0,5 ohms from 1 Xc to 100 Ke.
Less than 3. 0 chms from 100Kc to I Mc,

TRANSIENT RECCVERY TIME:

Less than 50psec for cutput recovery to within
10 mv following a full load current change in the
cuiput,

CVERLOAD PROTECTION:
A continuously acting constant current circuit
protects the power supply for all overloads

including a direct short placed across the terminals
in constant voltage operation. The constant voltage
circuit limits the output voliage in the constant cur~
current mode of operation,

METER:

The front panel meter can be used as either a
3-24 or 0-2, 4 volt voltmeter or as a 0-1.8 or
0-0, 18 amp ammeter,

OUTPUT CONTROLS:
Coarse and fine voltage controls and coarse and
fine current controls,

OUTPUT TERMINALS:

Three "five-way” output posts are provided on
the front panel and an output terminal strip is
located on the rear of the chagsis, All power Sup=~
ply output terminals are isolated from the chassis
and either the positive or negative terminal may be
copnected to the chassis through a separate ground
terminal located on the cutput terminal strip.

ERROR SENSING:

Error sensing is normally accomplished at the
front terminals if the load is attached to the front
or at the rear terminals if the load is attached to
the rear terminals., Also, provision is included on
the rear terminal strip for remote sensing.

REMOTE PROGRAMMING:

Remote programming of the supply output at
approximately 200 ohms per volt in constant voltage
is made available at the rear terminals, In con-
stant current mode of operation, the current can be
remotely programmed at approximately 1000 ohms
per ampere,

COOLING:
Convection cooling is employed. The supply
has no moving parts,

SIZE: )

3-1/2" 2 x 12-5/8" D x 8-1/2" W, Two of the
units can be mounted side by side in a standard
19" relay rack.

WEIGHT:
14 ibs, net, 19 lbs. shipping.

FINISH:
Light gray front panel with dark gray case.

POWER CORD:

A three-wire, five-~foot power cord is provided
with each unit,




SECTION 11
INSTALLATION

2-1 INITIAL INSPECTION strument to a source of power and it is ready for
operation.

2-2 .. Before shipment. this instrument was inspected
and found to be free of mechanical and electrical 2-9  LOCATION
defects. As soon as the instrument is unpacked, in-
spect for any damage that may have occurred in
transit. Save all packing materials until the inspec-—
tion is completed. 1f damage is found, procead as
described in the Claim for Damage in Shipment sec-
tion of the warranty page at the rear of this manual,

2-10 This instrument is air cooled. Sufficient space
should be allotted so that a free flow of cooling ailr
can reach the sidesand rear of the instrument when
itis inoperation. It shouldbe usedin an area where
the ambient temperature does not exceed 509C.

2~3 MECHANICAL CHECK 2-11 RACK MOUNIING

2~4 This check should confirm that there are no 2-1% This instrument may be rack mounted in a
broken knobs or connectors, that the cabinet and standard 19 inch rack panel either alongside a sim-
panel surfaces are free of dents and scratches, and ilar unit or by itself. Figures 2-1 and 2-2 show how
that the meter is not scratched or cracked. poth types of instailations are accomplished.

2-5 ELECTRICAL CHECK 2-.13 To mount two units side~by-side, proceed as

2~  Theinstrument should be checked againsiits follows:

electrical specifications. SectionV includes an "in- a. Remove the four screws from the front
cabinet" performance check toverify proper instrument panels of both units.

operation. b. Slide rack mounting ears between the

front panel and case of each unit.

2-7 INSTALLATION DATA c. Slide combining strip between the front

2-8 The instrument is shipped ready for bench panels and cases of the two units.

operation. It is necessary only to connect the in- d. After fastening rear portions of units to-
gether using the bolt, nut, and spacer, replace pan-
el screws.

RACK EAR
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Figure 2-1. Rack Mounting, Two Units
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FPigure 2-2. Rack Mounting, One Unit

2-14 To mount a single unit in the rack panel,
proceed as follows:

a, Bolt rack mounting ears, combining
siraps, and angle brackets to each side of center
spacing panels, Angle brackeis are placed behind
combining straps as shown in Figure 2-2,

b. Remove four screws from front panel of
unit,

c. Slide combining strips between front
panel and case of unit,

d. Bolt angle brackets to front sides of case
and replace front panel screws.

2~15 INPUT POWER REQUIREMENTS

2-16 This power supply may be operated from
either a nominal 115 volt or 230 volt 50-500 cycle
power source. The unit, as shipped from the fac-
tory, is wired for 115 volt operation, The input
power required when operated from a 115 wolt 60
cycle power source at full load is 70 watts and

0. 85 amperes.

2-17 CONNECTIONS FOR 230 VOLT OPERATION
(Figure 2-3)

2-18 Normally, the two primary windings of the
input transformer are connected in paralle! for oper-
ation from 115 volt source, To convert the power
supply to operation from a 230 volt source, the
power transformer windings are connected in series
as follows:

a. Unplug the line cord and remove the unit
from case,

b. Break the copper between 54 and 55 and
also between 50 and 51 on the printed circuit board,
These are shown in Figure 2~3, and are labeled on
copper side of printed circult board.

2-2

&

&)

51 &9
%\? ®

%
|
|
|
i
|
|
it

FUSE
/118Y @
TRANSFORMER PRIMARY
CONNEGTED FOR
115 YOLT OPERATION
| NOTE: CONNECTIONS BETWEEN
@ 50 & 51, 54 & 55, ARE MADE WITH
I COPPER ON THE PRINTED CIRCUIT
BOARD. THESE CONNECTIONS
= { MUST BE REMOVED FOR 230V
OPERATION. THE CONNECTIONS
i ON THE PRINTED CIRCUIT BOARD
@ MUST BE BROKEN AND A SEPARATE
; EXTERNAL CONNECTION MADE
BETWEEN POINTS 50 & 55,
FUSE %
F230¢ @

s

TRANSFORMER PRIMARY
CONNECTED FOR
230 VOLT OPERATION

Figure 2~3, Primary Connections

c. Add strap between 50 and 535.

d. Replace existing fuse with 1 ampere,
230 volt fuse, Return unit to case and operate
normally.



2-19 POWER CABLE

2-20 To protect operating personnel, the National
Electrical Manufacturers Association (NEMA) recom-
mends that the insgtrument panel and cabinet be
grounded. This instrument is equipped with a three
conductor power cable, The third conductor is the
ground conductor and when the cable is plugged into
an appropriate receptaclie, the instrument is
grounded. The offset pin on the power cable three-
prong connector igs the ground connection,

2-21 To preserve the protection feaiture when oper-
ating the instrument from a two-contact outlet, use
a three-prong to two-prong adapter and connect the
green lead on the adapter to ground,

2-3

2=-22 REPAGKAGING FOR _SHIPMENT

2-23 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 ig not available, contact your
local Hewlett-Packard fieid office to obtain the
materials. This office will also furnish the ad-
dress of the nearest service office to which the
instrument can be shipped, Be sure to attach a
tag to the instrument which specifies the owner,
model number, full serial number, and service re—
guired, or a brief description of the trouble,



SECTION IIT
OPERATING INSTRUCTIONS

3-1 OPERATING CONTROLS AND INDICATORS

3-2 The front panel controls and indicators,
together with the normal turn~on sequence, are
shown in Figure 3-1.

e HARRISON  DC POWER SUPPLY
B HEWLETT PACKARD

YoLTS

TURN-ON SEQUENCE

SET AC POWER SWITCH TO ON,

OBSERVE THAT PILOT LIGHY GOES ON.

SET METER SWITCH TO DESIRED VOLTAGE RANGE.

ADJUST COARSE AND FINE VOLTAGE CONTROLS UNTIL

DESIRED OUTPUT VOLTAGE IS INDICATED ON METIR.

5. SHORT CIRCUIT OUTPUT TERMINALS, SET METER
SWITCH TO DESIRED CURRENT RANGE, AND ADJUST
CURRENT CONTROLS FOR DESIRED OUTPUT CURRENT.

6. REMOVE SHORT AND CONNECT LOAR TO QUTPUT

TERMINALS (FRONT OR REAR).

B G P b

Figure 3~1. Front Panel Controls and Indicators

¢

3-3 QOPERATING 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 sirip at the rear of the power supply.

The terminal designations are stenciled in white on
the power supply above their respective terminals.
Although the strapping patterns illustrated in this
section show the posgitive terminal grounded, the
operator can ground either terminal or operate the
power supply up to 300 vde off ground {floating).
The following paragraphs describe the procedures

for utilizing the various operational capabilities of -

the power supply, A more theoritical description
concerning the operational features of this supply
1g contained in a power supply Application Manual
and in various Tech. Letters published by the
Harrison Division. Copies of these can be ob-

~ tained from your local Hewlett-Packard field office

3-1

3-5 NORMAL OPERATING MQODE

3~-6 The power supply is normally shipped with its .
rear terminal strapping connections arranged for
Constant Voltage / Constant Current, local sensing
local programming, single unit mode of operation,
This sirapping pattern is illustrated in Figure 3-2,
The operator selects either a constant voltage or a
constant current output using the front panel con-
trols (local programming, no strapping changes are
necessary).

Al AZ A3 A4

AD AG AT AB A9 -5 -~ GND + 45 AlO

‘.

] L |
MONITORING
POINTS

Figure 3-2. Normal Strapping Pattern

3-7 CONSTANT VOLTAGE
3=8 To select a constant voltage output, proceed.
as follows:

a, Turn-on power supply and adjust
VOLTAGE controls for desired output voltage {out-
put terminals open).

b, Short cuiput terminals and adjust CUR~
RENT controls for maximum output current allowable
{current limit), as determined by load conditions.
if a load change causes the current limit 1o be
exceeded, the power supply will automatically
crossover to constant current output at the preset
current limit and the output voltage will drop pro=-
portionately. In setting the current limit, allow=-
ance must be made for high peak current which can
cause unwanted cross—over, (Refer to Paragraph

3-44,})
3-9 CONSTANT CURRENT
3-10 To select a constant current output, proceed
as follows:
a, Short ocutput terminals and adjust CUR-

RENT controls for desired output current,



b, Open output terminals and adjust
VOLTAGE controls for maximum output veltage
allowable {voltage limit), as determined by load
conditions, If a load change causes the voltage
Limit to be exceeded, the power supply will auto-
matically crossover to constant voltage output at
the preset woliage limit and the output current will
drop proportionately. In setting the voltage limit,
allowance must be made for high peak voliages
. which can cause unwanted crossover, {Refer to
Paragraph 3-44).

3-11 CONNECTING LOAD

3-12 Each load should be connected to the power
supply cutput terminals using separate pairs of con~
necting wires, This will minimize mutual coupling
effects between loads and will retain full advantage’
of the low output impedance of the power supply.
Each pair of connecting wires should be as short as
possible and twisted or shielded to reduce noise
pickup, " (If shield is used, connect cne end to
power supply ground termmai and leave the other
end unconnected, )

3-13 If load considerations require that the cutput
power distribution terminals be remotely located
from the power supply, then the power supply out~
put terminals should be connected to the remote
distribution terminals via a pair of twisted or
shielded wires and each load separately connected
t0 the remote distribution terminals, TFor this case,
remote sensging should be used {Paragraph 3-28),

3~14 QPTIONAL OPERATING MODES

3-15 REMOTE PROGRAMMING, CONSTANT VOLTACGE

3-16 The constant voltage output of the power sup~
ply can be programmed {conirolled) from a remote
location if required. FEither a resistance or voltage
source can be used for the programming device,

The wires connecting the programming terminais of
the supply to the remote programming device should
be twisted or shielded to reduce noige pick~up.

The VOLTAGE controis on the front panel are
disabled according to the following procedures.

3~17 Resistance Programming {Figure 3-3). In this
mode, the output voltage will vary at a rate deter-
mined by the programming coefficient -~ 200 ohms
per volt (i. e. the output voliage will increase

1 volt for each 200 ohms added in series with pro-
gramming terminals)., The programming coefficlent
is determined by the programming current, This
current is adjusted to within 2% of 5ma at the fac-
tory. If greater programming accuracy is regquired,
it may be achieved bv changing resistor R13,

3-18 The output voliage of the power supply
should be zero volts £20 millivolts when zero chms
is connected across the programming terminals, If

Al AZ A3 A4 A5 ARG AT AB A -5 - GND + 43 AlD

PROGRAMMING R
RESISTOR

Remote Resistance Programming
(Constant Voltage)

Figure 3-3.

a zero ohm voltage closer than this ig required, it
may be achieved by changing resistor R6 or R8 as
described in Paragraph 5-49.

3-19 To maintain the stability and temperature
coefficient of the power supply, use programming
resistors that have stable, low noise, and low
temperature {less than 30ppm per degree Centigrade)
characteristics. A switch gan be used in conjunc-
tion with various resistanceé values in order to ob-
tain discrete output voltages. The switch should
have make-before~break contacts to avoid momen-
tarily opening the programming terminals during the
switching mterval

3-20 Voltage Programming {Figure 3~ 4) Employ
the strapping pattern shown on Figure 3-4 for voli-
age programming. In this mode, the outpui voltage
will vary in a 1 to 1 ratio with the programming
voltage {reference voltage) and the load on the pro-
gramming voltage source will not exceed 25 micro-
amperes.

Al A2 A3 A4 AS AG AT AB A9 —S - GNG + +S AiO

Remote Voltage Programming
{Constant Voltage)

Figure 3-4,

3=21 The impedance (RX) locking into the external
programming voltage source should be approximate-
ty 1000 ohms if the temperature and stability speci-
fications of the power supply are to be maintained.



3-22 REMOTE PROGRAMMING, CONSTANT
CURRENT

3=23 Either @ resistance or a voltage source c¢an be
used to control the constant current output of the
supply. The CURRENT controls on the front panel
are disabled according to the fellowing procedures,

3-24 Resistance Programming {Figure 3-5), In this
mode, the ocutput current varies at a rate determined
by the programming coefficient —— 1000 ohms per
ampere for Models 62018, 6202B, and 6200B (0~
0.75 ampere range), and 500 ohms per ampere for
Models 62038 and 82008 {0-1.5 ampere range).

Al AZ A3 A4 AS AS A? Aa A9 -5 -~ GND -i- +§ MO

PROGRAMMING
RESISTOR

Figure 3~5. Remote Resistance Programming

{Constant Current)

The programming coefficient is determined by the
programming current. This current is adjusted to
within 10% of 1 milliampere at the factory, If
greater programming accuracy is reguired, it may be
achieved by changing resistor R19,

3=-25 Use stable, low nmse, low temperature coef-
ficient {less than 30 ppm / °C) programming resis-
tors to maintain the power supply temperature coef-
ficient and stability specifications, A switch may
be used to set discrete values of output current.

A make-befors~break type of switch should be used
since the output current will exceed the maximum
rating of the power supply if the switch contacts
open during the switching interval,

CAUTION

If the programming terminals

{Al and A4) should open at any
time during this mode, the out-
put current will rise to a value
that may damage the power sup-
ply and/or the load. To avoid
this possibllity, connecta l, 5K
resistor across the programming
terminals and in parallel with a
remoie programming resistor.
Like the programming resistor,
the 1. 5K resistor should be of
the low noise, low temperature
coefficient type.

3-3

3-26 Voltage Programming (Fiqure 3-6). In this
mode, the output current will vary linearly with
changes in the programming voltage. The program-
ming voltage should not exceed 1.5 volis, Voltage
in excess of 1.5 volts will result in excessive
power dissipation in the instrument and possible
damage.

Al AZ A3 A4 A5 AE A7 AB A% -5 - GND -+ +S AIC

REFERENCE
VOLTAGE
Figure 3-6, Remote Voltage Programming
{Constant Current)

3-27 The output current will be the programming
voltage divided by 1 ohm. The current required
from the voltage source will be less than 25 micro-
amperes. The impedance {Ry) as seen looking into
the programming voltage source should be approxi-
mately 500 ohms if the temperature coefficient and
stability specifications of the power supply are to
be maintained.

3-28 REMOTE SENSINCG {See Figure 3-7)

3-29 Remote sensing is used to maintain good regu~
lation at the load and reduce the degradation of reg-
ulation which would occur due tothe voltage drop

in the leads between the power supply and the load.
Remote sensing is accomplished by utilizing the
strapping pattern shown in Figure 3~7. The power
supply should be turned off before changing strap-
ping patterns. The leads from the +8S terminals to
the load will carry less than 10 milliamperes of
current, and it is not required that these leads be
as heavy as the load leads, However, they must
be twisted or shielded to minimize noise pick-up.

Al AZ AR A4 AS A6 AT A8 A% -5 ~— GND 4+ +5 AID

Figure 3-7. Remoie Sensing



CAUTION

Observe polarity when connecting
the sensing leads to the load,

3=30 Note that it is desirable 1o minimize the drop
in the load leads and it is recommended that the
drop not exceed 1 volt per lead if the power supply
ig to meet its DO specifications, If & larger drop
must be tolerated, please consult a Hewlett-Packard
field representative,

3-31 The procedure just described will result in a
low DC output tmpedance at the load, If a low AC
impedance is required, it is recommended that the
following precautions be taken:

a. Disconnect output capacitor G20, by dis~
connecting the strap between AlQ and +8.

b, Connect a capacitor having similar
characteristics (approximately same capacitance,
same voltage rating or greater, and having good
high frequency characterisiics) across the load
using short leads,

3-32 Although the strapping patterns shown in
Pigures 3-3 through 3-6 employ local sensing, note
that it is possible to operate a power supply simul-
taneously in the remote sensing and Constant
Voltage / Constant Current remote programming
modes,

NOTIE

1t is necessary to readjust
the current limit when the
instrument is operated in
the remote sensing mode,

3-33 BSERIES OPERATICN

3-34 Normal Series Connections {Figure 3-8},

Two or more power supplies can be operated in
series to obtain a higher voltage than that avail-
able from a single supply. When this connection is
used, the output voltage is the sum of the voltages
of the individual supplies, Each of the individual
supplies must be adjusted in order to obiain the
total output voltage. The power supply contains a
protective diode connected internally across the
output which protects the supply if one power sup-
ply is turned off while its series partner(s) is on,

3-35 Auto-Series Connections (Figure 3-8). The
Auto-Series configuration is used when it is desir-
able to have the outiput voliage of each of the
series connected supplies vary in accordance with
the setting of a control unit, The control unit is
called the master; the controlled units are called
glaves, At maximum output voltage, the voltage
of the slaves is determined by the setting of the
front panel VOLTAGE control on the master, The

Al A2 A3 A4 AG AG AT AB A8 -3 - GND + +8 AID

Figure 3-8, Normal Series
MASTER
Al A2 A3 A4 A5 AG A7 AG A9 -S ~ GND + +3 AID
' ATRWEA A'R'A

Al AZ A3 A4 AS AG AT AB A9 ~§ ~ GND + +S AID
SLAVE
MASTER

Al A2 A3 A4 A5 AB AT A8 A9 ~S -~ OND + +5 AID

lslsls

Al AZ A3 A4 A5 A6 A7 AB A9 -5 - GND + +§ AIO

SLAVE NO.2

Figure 3-%, AUTO-Series, Two and Three Units



master supply must be the most positive supply of
the series. The output CURRENT controls of all
series units are operative and the current limit is
equal to the lowest control setting, If any output
CURRENT controls are set too low, automatic
crossever 1o congtant current operation will occur
and the outpui voliage will drop. Remote sensing
and programming can be used; however, the strap-
ping arrangements shown in the applicable figures
show local sensing and programming,

3-36 In order to maintain the temperature coeffi=
cient and stability specifications of the power sup-
ply, the external resistors (Rx) shown in Figure 3-9
should be stable, low noise, low temperature coef-
ficient (less than 30 ppm per degree Centigrade)
resistors. The value of each resistor is dependant
on the maximum voltage rating of the "master” sup=-
ply, The value of Ry is this voltage divided by the
voltage programming current of the slave supply
(1/Kp where Kp is the voltage programming coeffi-
cient}, The voltage coniribution of the slave is
determined by its voliage control sefting,

3-37 PARALLEL OPERATION

3-38 Normal Parallel Connections {Figure 3-10),
Two or more power supplies can be connected in
parallel to obtain a total output current greater than
that available from one power supply, The total
output current is the sum of the out'put currents of
the individual power supplies, The output CUR-
RENT controls of each power supply can be sepa-
rately set, - The output veltage controls of cne
power supply should be set to the desired output
voltage; the other power supply should be set for
a sHghtly larger output voltage. The supply set to
the lower output voltage will act as a constant
voltage source: the supply set to the higher output
will act as a constant current source, dropping its
output voltage until it equals that of the other sup~

ply,

Al AZ A3 A4 A5 A€ AT AB A8 S -~ GND + 45 A

Figure 3-10, Normal Parallel

3-39 Auto-Parallel. The Strapping Patterns for
Auto-Parallel operation of two and three power sup-
plies are shown in Figure 3-11. Auto-Parallel
cperation permits equal current sharing under ail
ioad conditions, and allows complete control of
output current from one master power supply. The
output current of each slave is approximately equal
to the master's. Because the ouiput current con-
trols of each slave are operative, they should be
set to maximum to avoid having the slave revert to
constant current operation; this would occur if the
master outpui current setting exceeded the slave’s.

MASTER

Af A2 A3 a4 AD A6 A7 A8 A9 -5 -~ GND 4 45 AIO

Al AZ A3 A4 A5 A6 AT A8 A% -5 -~ GND + +5 AID
SLAVE

MASTER

Al AZ A5 A4 AS A6 AT AB AS -8 - GND + 45 AID

SLAVE NO.i
St S
2001

0¥, { _\

S SIS

Al A2 A3 A4 A5 A6 AT AB AS -3 ~ GND + +5 A0
SLAVE NC. 2

Figure 3-1l. Auto-Parallel, Two and Three Units



3-40 AUTO-TRACKING OPERATION (See Figure 3-12)

3-41 The Auto-Tracking configuration is used when
it is necessary that several different voltages
referred to a common bus, vary in proportion to the
setting of a particular instrument (the control or
master). A fraction of the master's output voltage
is fed to the comparison amplifier of the siave sup-
ply, thus controlling the slave's output. The mas-
ter must have the largest output voltage of any
power supply in the group {must be the most posi-
tive supply in the example shown on Figure 3-12).

3«42 The output voltage of the slave is a percent-
age of the master's output voltage, and is deter—
mined by the voltage divider consisting of Ry (or Ry
and Ry} and the voltage control of the slave supply,
Rp where: Eg = Rp/ (Rx+Rp). Turn-on and turn-off-
of the power supplies is controlled by the master.
Remote sensing and programming can be used; al-
though the strapping patterns for these modes show
only local sensing and programming. In order io
maintain the temperature coefficient and stability
specifications of the power supply, the external
resistors should be stablie, low noise, low tempera-
ture (less than 30ppm perOC) resistors.

3-43 SPECIAL QPERATING CONSIDERATIONS

3-44 PULSE LOADRING

3-45 The power supply will automatically cross
over from constant voitage to constant current
operation, or the reverse, in response 1o an in-
crease (over the preset limit} in the output current
or voliage, respectively, Although the preset
limit may be set higher than the average output
current or voltage, high peak currents or voltages
{as occur in pulse loading) may exceed the preset
limit and cause crossover to occur. If this cross-
over limiting is not desired, set the preset lmit
for the peak requirement and not the averags.

3-5

Al AZ A3 A4 A5 . AE AT AB A9 -§ ~RGND 4+ +5 A0

SLAVE

+ MASTER MUST BE POSITIVE SUPPLY

MASTER™

Al AZ A3 A4 A5 A6 A7 AB AS ~S5 ~ GWD 4 +S Al

Figure 3-12. Auto-Tracking, Two and Three Units



3-46 OUTPUT CAPACITANCE

3-47 There is a capacitor (internal} across the out-
put terminals of the power supply. This capacitor
helps to supply high~current pulses of short dura-
tion during constant voltage operation. Any capac-
itance added externally will improve the pulse cur-
rent capability, but will decrease the safety pro-
vided by the constant current circuit. A high-cur-
rent pulse may damage load components before the
average output current is large enough to cause the
constant current circuit to operate.

3-48 The effects of the output capacitor during
constant gurrent operation are as follows:

a, The output impedance of the power supply
decreases with increasing frequency.

b, The recovery time of the output voltage is
longer for load resistance changes,

¢, A large surge current causing a high power
power dissipation in the load occurs when the load
resistance is reduced rapidly,

3-7

3-49 REVERSE VOLTAGE TLOADING

3-50 A dicode is connecied across the output termi-
nals, Under normal operating conditions, the

diode is reverse biased (anode connected to nega-
tive terminal). If & reverse voliage is applied to
the output terminals (positive voltage applied to
negative terminal), the diode will conduct, shunting
current across the output terminals and limiting the
voltage to the forward voltage drop of the diode,
This diode protects the series transistors and the
output electrolytic capacitors,

3-51 REVERSE CURRENT LOADING

2-572 Active loads connected o the power supply
may actually deliver a reverse current io the power
supply during a portion of it's operating cvcle, An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor. To avoid
these effects, it is necessary to preload the sup~-
ply with a dummy load resistor so that the power
supply delivers current through the entire operating
cyele of the load device,
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Figure 4-1. Owverall Block Diagram
4-1  OVERALL BLOCK DIAGRAM DISCUSSION voltage or current, The voltage developed across

4-2 The power supply, as ghown on the overall
block diagram on Figure 4-~1, consisis of a power
transformer, a rectifier and filter, a series regula-
tor, the mixer and error amplifiers, an "CR" gate,
a constant voltage input circult, a constant current
input circuit, a reference regulaior circuit, a bias
supply, and a wmetering circuit.

4-3 The input line voltage passes through the
power transformer to the rectifier and filter where
it is converted to raw DC. The DC current passes
through the series regulator to the positive output
terminal via a current sampling resistor. The regu-
lator, part of the feedback loop, is made to alter
it's conduction to maintain & constant cutput

the current sampling resistor is the input to the
constant current input circuit, The cutput voltage
of the power supply is sampled by the voltage in-
put circuit by means of the sensing terminals (£8),
Any changes in output voltage / current are
detected in the constant voltage/constant current
input circuit, amplified by the mixer and error
amplifiers, and applied io the series regulator in
the correci phase and amplitude to counteract any
change in ouiput voltage/output current. The refer-
ence circuit provides siable reference voltages
which are used by the constant veltage /current in-
put circuiis for comparison purposes, The bias
supply furmnishes voliages which are used through-
out the instrument for biasing purposes. The meter
¢ircuit provides an indication of output voltage or
current.
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Figure 4-2., Simplified Schematic

4-4 SIMPLIFIED SCHEMATIC

power supply, is a protective device which pre-
vents internal damage that might occur if a reverse
voltage were applied across the output terminals,
Output capacitor, C20, is also connected across
the output terminals when the normal strapping
pattern shown on Figure 4-2 is employed, ¥Note
that this capacitor can be removed if an increase
in the programming speed is desired, Under these
conditions, capacitor C19 serves to insure loop
stability.

4-5 A simplified schematic of the power supply
is shown in Figure 4~2, It shows the operating
controls: the ON-off switch, the voltage program-—
ming controls {R10A and R10B}, and the current
programming controls (R16A and R163); The METER
switch, included in the meter circuit block on
Figure 4-2, allows the meter to read output voliage
or current in either of two ranges, Figure 4-2 also
shows the internal sources of bias and reference
voltages and their nominal magnitudes, Dicde
CR34, connected across the output terminals of the

4-2



4-6 BERIES REGUILATOR

4~7 The series regulator consists of transistor
stages Q6 and Q7 (see schematic at rear of manual),
The trangistors are connected in parallel so that
approximately half of the ouiput current flows
through each one, The regulator serves as a series
conirol element by altering it'e conduciion so that
the output voltage or current is kept constant. The
conduction of the transistors is conirolled by the
feedback voliage from the error amplifier. Diode
CR1l, connected across the regulator circuit, pro-
tects the series transistors against reverse voltages
that could develop across them during parallel or
auto~parallel operation if one supply is turned on
before the other.

4-8 CONSTANT VOLTAGE INPUT CIRCUIT
(Figure 4-3)

4~9  The circuit consists of the coarse and fine
programming resistors (R10A and R10B}, and a dif-
ferential amplifier stage {Q1 and associated compo~-
nents), Transistor Ql consists of two silicon
transistors housed in a single package. The
transistors have matched characteristics minimizing
differential voliages due to mismaiched stages.
Moreover, drift due to thermal differentials is mini-
mized, since both transistors operate at essentially
the same temperature,

4-10 The constant veltage input circuit continuous-
ly compares a fixed reference voltage with a portion
of the output voltage and, if a difference exists,
produces an error voltage whose amplitude and
phase is proportional to the difference. The error
output is fed back to the series regulator. through
an OR gate and the mixer/error amplifiers, The
error voltage changes the conduction of the series
regulator which, in turn, alters the output voltage
so that the difference between the two input
voltages applied to the differential amplifier is
reduced 1o zero, This action maintains the output
voltage constant,

4-11 Stage QLB of the differential amplifier is
connected to a common +8) potential through im-
pedance equalizing resistor R5, Resistor R6 and R8
are used to zero bias the input stage, offsetting
minor base o emitter voltage differences in QI.
The base of GlA Is connected to a summing point
at the junction of the programming resistors and the
current pullout registor R12, Instantanecus changes
in output voltage result in an increase or decrease
in the summing point potential, QLA is then made
to conduct more or less, in accordance with
summing point voltage change., The resultant out-
put error voltage is fed back to the serles regulator
via the remaining components of the feedback loop.

4
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Figure 4-3. Constant Voltage Input Circuit, Simplified Schematic
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Resistor Rl, in series with the base QlA, limits the
current through the programming resistors during
rapid voltage turn—-down. Diodes CR1 and CRZ form
a limiting network which prevent excessive voltage
excursions from over driving stage QlA. Capacitors
Cl and C2, shunting the programming resistors,
increase the high frequency gain of the input ampti-
fier. Resistor R13, shunting puilout resistor R12,
serves as a trimming adjustment for the program-
ming current,

4~12 CONSTANT CURRENT INPUT CIRCUIT
{Figure 4-4})

4-13 This circull is similar in appearance and
operation to the constant voltage input circuit, It
consists of the coarse and fine current programming
resistors {R16A and RI6R), and a differential ampli-
fier stage (Q2 and associated components), Like
transistor Q1 in the voltage input circuit, Q2 con=
sists of two transistors., having matched character-
istics, that are housed in a single package,

4-14 The constant current input circuit continuous-
ly compares a fixed reference voltage with the
voltage drop across current sampling resistor R54.
If a difference exists, the differential amplifier
produces an error voliage which is proportional to
this difference, The remaining components in the

-b.2V 1_

feedback loop (amplifiers and series regulator)
function to maintain the drop across the current
sampling resistor, and conseguently the outpuf cur-
rent, at a constant value,

4~15 Stage Q2B is connected to the +8 through
impedance equalizing resistor R26. Resistors RZE
and R28 are used to zero bias the input stage, off-
setting minor base to emitter voltage differences in
Q2. Instantanecus changes in output current on the
positive line are felt at the current summing point
and, hence, the base of Q2A, Stage Q2ZA varies its
conduction in accordance with the polarity of the
change at the summing point. The change in Q2A's
conduction alse varies the conduction of Q2B due
to the coupling effects of the common emitter
resistor, R22, The error voltage is taken from the
cellector Q2B and fed back to the series regulator
through OR~-gate diode CR4 and the remaining com~-
ponents of the feedback loop. The error voltage
then varies the conduction of the regulator sc that
the output current is maintained at the proper level.

4-16 Resistior R20, in conjunction with R2 and C3,
helps stabilize the feedback loop., Diocde GRS
limits voltage excursions on the base of Q2A,
Resistor R19, shunting the pullout resistor, serves
as a trimming adjustment for the programming cur-
rent flowing through RIGA and B,
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4=17 VOLTAGE CLAMP CIRCUIT (Figure 4-5)

4-18 During constant current operation the con-
stant voltage programming resistors are a shunt load
across the cutput terminais of the power supply. if
the output veltage changed, the current through
these resisiors would tend to change resulting in an
output current change. The clamp circuif is a return
path for the voltage programming cumrent, the cur-
rent that normalily flows through the programming
resistors, The circuit maintains the current into
the constant voltage summing point {AS) consiant,
thus eliminating the error due to shunting effects

of the constant voltage programming resistors,

4-19 The voltage divider, R51, R52, and CR3l.
back blases CR30 and Q10 during constant voltage
operation. When the power supply goes into con-
gtant current operation, CR30 becomes forward
biased by the collector voltage of QIA, This
resulis in conduction of Q10 and the clamping of the
summing peint at a potential only slightly more
negative than the normal constant voltage potential.
Clamping this voltage at approximately the same
potential that exists in constant voliage operation,
results in a constant voltage across, and conse-
quently a constant current through, the current pull-
cut resistor (R12),

4-20 MIXER AND ERROR AMPLIFIERS (Figure 4-6)

4-21 The mixer and error amplifiers amplify the

error signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series regulator transistors. The emitter bias

CR17

+12.4V +6.

-

VOLTAGE
-6.2V +8 SUMMING
POINT

Figure 4-5. Voltage Clamp Circuit

potential for mixer amplifier Q3 is established by
emitter follower Q17. Transistor Q3 receives the
error voltage input from either the constant voltage
or constant current circuit via the OR~gate diode
{CR3 or CR4) that is conducting at the time, Diode
CR3 is forward biased, and CR4 reversed biased,
during constant voltage operation, The reverse is
true during constant current operation.

4-22 The RC network, composed of C5 and R30, is
an equalizing network which provides for high fre-
quency roll off in the loop gain response in order to
stabilize the feedback loop, Emitter follower
transistors Q4 and QS5 are the error amplifiers
serving as the driver and predriver elements,
respectively, for the series regulator, Transistor
Q4, together with dicde CR17, provides a low resis-
tance discharge path for the output capacitance of
the power supply during rapid down programming,
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Figure 4-6, Mixer and Error Amplifiers, Simplified Schematic



4~23 RETERENGCE CIRCUIT

4-24 The reference circuit {see schematic) is a
feedback power supply similar to the main supply.
It provides stable reference voltages which are
used throughout the unit, The reference voltages
are all derived from smoothed dc chtained from the
full wave rectifier {CRZ2 and CRZ3) and filter capa~
citor C18. The +6, 2 and -6, 2 voltages, which are
used in the constant voltage and current input cir-
culits for comparison purposes, are developed
across iemperature compensated Zener diodes VR1
and VRZ, Resistor R43 limits the current through
the Zener dicodes to establish an optimum bias level,

4-25 The regulating circuit consists of series regu~
lating transistor Q9 and error amplifier Q8. OQutput
voltage changes are detected by Q8 whose base is

connected to the junction of a voltage divider (R41,
R42) connected directly across the supply. Any
error signals are amplified and inverted by Q8 and
applied to the base of series transistor Q9. The
series element then alters its conduction in the
direction and by the amount necessary to maintain
the voltage across VRl and VR2 constant. Resistor
R46, the emitier resistor for Q8, is connected in a
manner which minimizes changes in the reference
voltage caused by variations in the input line,
Qutput capacitor C7 stabilizes the regulator loop.

4-26 METER CIRCYUIT (Figure 4-7)

4-27 The meter circuit provides continuous indica-
tions of output voltage or current on a single multi-
ple range meter, The meter can be used either as a
voltmeter or an ammeter depending upon the position
of METER switch $2 on“the front panel of the supply.
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This switch also selects one of two meter ranges on
each scale, The metering circuit consists basically
of a selection circuit {switch 82 and associated
voltage dividers), a siable differential amplifier
stage (11 through Q14), and the meter movement,

4~-28 The selection circuit determines which
voltage divider is connected to the differential
amplifier input. When S2 is in one of the voliage
positions, the voltage across divider R58, R60, and
R61 (connected across the cutput of the supply) is
the input to the differential amplifier, When 82 is
in one of the current positiong, the voltage across
divider R56, R57, and R58 (connected across cur-
rent sampling resistor R34} is the input to the dif-
ferential amplifier, The amplified output of the dif-
ferential amplifier ig used to deflect the meter,

4-29 The differential amplifier is a stable device
having a fixed gain of ten. Stage QL1 of the differ—
ential amplifier receives a negative voltage from the
applicable voltage divider when 32 is in one of the
voltage positiocns while stage Q13 is connecied to
the +8 {common) terminal, With 32 in & current
position, stage Q13 receives a posliive voltage from
the applicable voltage divider while stage Q11 is
connected to the +8 terminal, The differential out~
put of the amplifier is taken from the collectors of
Q12 and Q14, Transistor Q15 is a constant current
source which sets up the proper bias current for the
amplifier. Potentiometer R63 permiis zeroing of the
meter, The meter amplifier stage contains an in-
herent current limiting feature which protects the
meter movemeni against overloads, TFor example,
if METER switch 82 is placed in position 4, (low
current range) when the power supply is actually
delivering a higher ampere output, the differential
amplifiers are guickly driven into saturation. This
action limits the current through the meter to a safe
. value.

4-30 Figures 4-8 and 4-9 show the meter connec—
tions when 52 is in the higher voltage and current
positions, respectively. For the sake of simplicity,
some of the actual circuit components are not shown
on these drawings, With METER switch 52 in the
higher voltage range, position (2}, the voliage drop
across R59 is the input to the meter amplifier and
the meter indicates the output voltage across the

+S and ~S terminals. For low output voliages, S2
can be switched to position 1 resulting in the appli-
cation of a larger percentage of the output voltage
{drop across R59 and R60) to the meter amplifier,

4-31 With 82 in the higher current range position
{Pigure 4~9) the voltage drop across R58 is applied
to the meter amplifier and the meter indicates the
output current which flows through R34, For low
values of cutput current, 82 can be switched to

4-7
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Figure 4-8, Volimeter Cconnections,
Simplified Schematic
SERIES
REG,

Figure 4-9, Ammeter Connecilons,
Simplified Schematic

position 4 and the voltage drop across R57 and R58
is applied to the meter amplifier.

4~32 OPERATION OF REGUIATING FEEDBACK LOOP

4-33 The feedback loop functions continuously to
keep the output voltage constant, during constant
voltage operation, and the output current constant,
during constant current operation, For purposes of
this discussion, assume that the unit is in constant
voltage operation and thai the programming resistors
have been adiusted so that the supply is yielding
the desired output voltage. Further assume that the
output voltage instantaneously rises (goes positive)
due to a variation in the external lbad circuit,

4-34 Note that the change may be in the form of a
slow rise in the output voltage or a positive going
ac signal. An ac signal is coupled o summing
point A6 through capacitor C1 and a dc voltage is
coupled to A6 through R10,

4-35 The rise in output voltage causes the voltage
at AB and thus the base of QIA to decrease (go
negative), QIlA now decreases its conduction and
its collector voltage rises, The positive going error
voltage is amplified and inverted by Q3 and fed to



the bases of series transigtors Q6 and Q7 via
emitter followers Q5 and Q4. The negative going
input causes Q6 and Q7 to decrease their conduc-
tlon so that they drop more of the line voltage, and
reduce the output voltage to its original level,

436 If the external load resistance is decreased
to a certain crossover point, the output current
increases until transistor Q2A begins to conduct.
During this time, the output voltage has also de-
creased to a level so that the base of QlA is at a

4~8

high positive potential., With QIA in full conduc~
tion, its collector voltage decreases by the amount
necessary 1o back bias OR gate dicde CR3 and the
supply is now in the constant current mode of opera-
tion, The crossover point at which consgtant cur=
rent operation commences is determined by the
setting of CURRENT conirel R16, The cperation of
the feedback loop during the constant current opera-—
ting mode i¢ similar to that occuring during con-
stant voltage operation except that the input to the
differential amplifier comparison circuit is obtained
from current sampiing resistor R54,



SECTION V
MAINTENANCE

5-1  INTRODUCTION

3-2 Upon receipt of the power supply, the per-
formance check (Paragraph 5-10) should be made.
This check ie suiiable for incoming inspection, If
a fault is detected in the power supply while
making the performance check or during ncrmat
operation, proceed to the troubleshooting proce-
dures {Paragraph 5-28), After troubleshooting and
repair (Paragraph 5-38), perform any necessary ad-
justments and calibrations (Paragraph 5-40),
Before returning the power supply to normal opera-
tion, repeat the performance check to ensure that
the fault has been properly corrected and that no
other faulis exist. Before doing any maintenance
checks, turn-on power supply, allow a hali=hour
warm=-up, and read the general infommation re~
garding measurement technigues (Paragraph 5-3).

5-3 GENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensing leads of the supply or as close
1o the output terminals ag possible when measuring
the outpui impedance, fransgient response, regula-
tion, or ripple of the power supply in order to
achieve valid measurements, A measurement made
across the load includes the impedance of the leads
to the load and such lead lengths can easily have
an impedance several orders of magnitude greater
than the supply impedance, thus invalidating the
measurement.

5-5 The monitoring device should be connecied
to the +8 and -8 terminals (see Figure 3-2) or as
shown in Figure 5-1. The performance characteris-
tics should never be measured on the front termi-
nals if the load is connected across the rear termi-
nals., Note that when measurements are made at
the front terminals, the monitoring leads are con-
nected at A, not B, as shown in Figure 5-1.

Tailure to connect the measuring device at A will
resuylt in a measurement that includes the resist~
ance of the leads between the output terminals
and the point of connection,

TO UNGROUNDED

56 For output current measurements, the current
sampling resistor should be a four-terminal resistor.
The four terminals are connected as shown in
Figure 5-2. In addition, the resistor should be of
the low noise, low temperature coefficient (less
than 30 ppm,/©C) type and should be used at no
more than 5% of its rated power go that its temper-
ature rise will be minimized.

QUTPUT TERMENALL
LOAD EAD—%

Figure 5=-1. Front Panel Terminal Connections

MONITOR HERE-—

CURRENT SAMPLING TERMINALS

EXTERNAL
LOAD

TO GROUNDED
TERMINAL OF

i BAMBPLING E POWER 8UPPLY
RESISTOR

LOAD
TERMINALS

TERMINAL OF
POWER SUPPLY

Figure 3~2, Outpui Current Measurement Technigue

5«7 When using an oscilloscope, ground one
terminal of the power supply and then ground the
case of the oscilloscope to this same point. Make
certain that the case is not also grounded by some
other means (power line}. Connect both oscillo-
scope input leads to the power supply ground termi-
nal and check that the os¢illoscope is not exhi-
biting a ripple or transient due to ground loops,
pick=-up, or other means.

5-8 TEST EQUIPMENT REQUIRED

5-9 Table 5-1 lists the fest equipment required to
perform the various procedures described in this
Section.



Table 5~1.

Test Equipment Required

TYPE REQUIRED USE RECOMMENDED
CHARACTERISTICS MCDEL

Differential Sensitivity: Imv full scale Meagsure de¢ voltages; @ 3420
{min.}. Input impedance: calibration procedures (See Note)
19 megohms (min.).

Variable Range: 90-130 volts. Equip- Vary AC input e

Voltage ped with voltmeter accurate

Transformer within 1 volt.

AC Voltmeter Accuracy: 2% Sensitivity: Imv Measure AC voltages and @ 4038
full scale deflection {(min.). ripple

Oscilloscope Sensitivity: 100uv/cm. Differ- Display transient response @ 140A plus
ential input. waveforms 1400A plug in.

Oscillator Range: 5Hz to 600KHz. Accu- Impedance checks @& 200CD
racy: 2%.

DC Voltmeter Accuracy: 1%. Input resist- Measure dc voltages &g 4123

ance: 20,000 ohms/volt (min.).

Repetitive
Load Switch

Rate: 60~-400Hz, Zusec rise
and fall time.

Measure transient response

See Figure 5~7

Resistor Value: See Paragraph 5-14. Load Resistor o
+5%, 75 watts,

Resistor Value: See Figure 5-4. 1%, Current sampling o e e
200 watts, 20ppm, 4-Terminal.

Resistor 1Kn £1%, 2 watt non—-Inductive Measure impedance ————

Resistor 190 chms, +£5% 10 watt Measure impedance - e

Resistor Value: See Paragraph 5-50. Calibrate programming current e
+0.1%, 5 watt.

Resgistor Value: See Paragraph 5-53, Calibrate programming current e o s
+G.1%, 5 watt.

Capacitor 500uf, 50wvde. Measure impedance o

i
i




Table 5-1. Test Equipment Required (Continued)

REQUIRED ~ RECOMMENDEID
TYPE CHARAGTERISTICS USE MODEL
Decade Range: 0-150K (min.). Accu- Measure programming ————
Resgistance racy: 0.1% plus 1 ohm. Make- coefficients
Box before-break contacts.
NCTE POWER SUPPLY REFERENCE
UNDER TEST VOLTAGE

A satisfactory substitute for a differen-
tial voltmeter is to arrange a reference
voltage gource and null detector as
shown in Figure 5-3. The reference volt—
age source is adjusted sc that the volt-
age difference between the supply being
measured and the reference voltage will
have the required resolution for the
measurement being made. The voliage
difference will be a function of the null
detector that is used. Examples of
satisfactory null detectors are: (p419A
null detector, a de coupled oscilloscope
yiilizing differential input, or a 50mv
meter movement with a 100 division
scale, For the latter, a 2mv change in
voliage will result in a meter deflection
of four divisions.

CAUTION

Care must be exercised when using an
slectronic null detector in which one
input terminal is grounded to avoid
ground loops and circulating curents.

5-3

SOURCE
J G o 5

Lo

=

LOAD

NULL DETECTOR

Tigure 5-3. Differential Voltmeter Substitute,
Test Setup

5-10 PERFORMANCE TEST

5-11 The following test can be used as an in-
coming inspection check and appropriate portions
of the test can be repeated either to chsck the
operation of the instrument after repairs or for
pericdic maintenance tests. The tests are per-
formed using 8 115Vac 60Hz, single phase input
power source. If the correct result is not obtained
for a particular check, do not adjust any conirols;
proceed to troubleshooting (Paragraph 5-28).



CONSTANT VOLTAGE TESTS

Rated Output and Meter Accuracy.

Voltage. Proceed as follows:

a. Connect load resistor across rear output
terminals of supply. Resistor value to be as
follows:

Mode! No. 6200B 62018 62028 6203B
Resistance (Ohms) 53 13 53 2.5

b. Connect differential voltmeter across +5
and ~§ terminals of supply observing correct polar-
ity,

¢, Set METER switch to highest voliage
range (and RANGE switch to 40V for Model 6200B)
and furn on supply.

d, Adjust VOLTAGE controls until front panet
meter indicates exactly the maximum rated output
voliage.

e, Differential volimeter should indicate
maximum rated cutput voltage within 2%,

5«15 Current. Proceed as follows:

a., Connect test setup shown in Figure 5-4,
b, Turn CURRENT conirols fully clockwise,
¢, Set METER switch to highest current range

(and RANGE switch to 20V mode for Model 6200B)
and turn on supply.

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated output
current,

e, Differential voltmeter should read 1.5 &
0, 03 vde.
ETETANCE o
MOTEL NO, R;‘,g(I‘\I‘AI\C,L {0:{}1:‘;)
62008 ¥ 1
52018 1 iz
POWER SUPPLY 52028 2 51
UNDER TEST 5203F 9.50 2
+ = By
O AAAS
{° LOAD DIFFERENTIAL
RESISTOR VOLTMETER
CURRENT o8 g
SAMPLING
RESISTOR

Figure 5-4, Outpuat Current, Test Setup

5«16 lLoad Regulation, To check constant volidge
load regulation, proceed as follows:

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

5-4

POWER SUPPLY
UNDER TEST

-
Y
|
e RESTSTANGE [OHME)
MODEL 1O, o o
Ry 6700k 2 st
€206 i 12
£2025 2z 53
£3038 n. 50 2
Ry
i

DIFFERENTIAL
VOLTMETER

Figure 5=5, Load Regulation, Constant Veltage

b. Turn CURRENT controls fully clockwise.

¢, Set METER switch to highest current range
{and RANGE switch to 40V for Model 6200B) and turn
on supply.

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated output
current,

e, Read and record voltage indicated on dif-
ferential volimeter,

f. Disconnect load resistors,

g. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than the following:

Model No, 62008 62018 62028 6203B
Variation (mvdc) =8 +6 =8 +5

5-17 Line Regulation. To checkthe line regulation,
proceed as follows:

a. Connect variable auto transformer
between input power source and power supply
power input, :

b, Turn CURRENT controls fully clockwise.

c. Connect test setup gshown in Pigure 5-5.

d. Adjust variable auto transformer for 105
VAC input,

e. BSet METER switch to highest voltage
range (and RANGE switch to 40 V for Medel 6200B)
and turn on supply.

f.  Adjust VOLTAGE contrels until front panel
meter indicates exactly the maximum rated output
voltage.

¢g. Read and record voltage indicated on dif-
ferential voltmeter.

h. Adjust variable auto transformer for 125
VAC input,



i, Reading on differential volimeter should
not vary from reading recorded in siep g by more
than the following:

Model No. 6200B 6201B 6202B 6203B
Variation {mvdc) +8 +5 +8 3

5-18 Ripple and Noise. To check the ripple and
noise, proceed asg follows:

a, Retain test setup used for previous line
regulation test except connect AC voltmeter across
output ferminals as shown in Figure 5-6,

b, Adjust variable auto transformer for 125
VAC input.

c. Set METER switch to highest current range

(and RANGE switch to 40V for Model 62008B).

d, Turn CURRENT controls fully clockwise
and adjust VOLTAGE conirols until front panel meter
indicates exactly the maximum rated output current,

e. AC voltmeter should read less than
0. 20mw.

POWER SUPPLY
UNDER TEST

X
7

Ead

Ry

TOAD RESISTORS

AC VOLTMETER
@ 403 8

//;5—\—5—9

Figure 5-6, Ripple and Noise, Constant Voltage

5=19 Transient Recovery Time. To check the
transient recovery time proceed as follows:

a, Connect test setup shown in Figure 5~7,

b. Turn CURRENT conirols fully clockwise,

¢. Set METER switch to highest current
range and turn on supply,

d, Adjust VOLTAGE contrels unti! front panel
meter indicates exactly the maximum rated output
current,

55

e. Close Hne switch on repetitive load
switch setup.

f.  Adjust 25K potentiometer until a stable
display is obtained on oscilloscope., Waveform
should be within the tolerances shown in
Figure 5-8, {output should return to within 10 mv of
original value in less than 50 microseconds).

POWER SUPPLY. OSCILLOSCOPE
UMDER TEST % 1300

_o%' o\q_;
i

CONTACT PROTECTION

METWORK Ry
s S5 bW
a0y (NOTE 3 Ry

THIS DRAWING SHQWS
B SUGGESTED METEOD
OF BUILINNG A LOAD
EWITCH. HOWEVER,
OTHER METHODS COULD
BE USED; SUCHAS A
TRANSISTOR EWITCHING
NETWORK.,  MAXIMUM
LOAD RATINGS OF LOAD
BWITCH ARE; 5% AMPS,
500V, 250W (NOT 2300W)
l USE MERCURY RELAY;
E I CLARE TYPE HGP 1002 OR
W.E. TYPFE 27685,
REPETITIVE i \ a
LL_OAD SWITCH (NOTE 1) J 3. USE WIRE WOUND RESISTOR,

MODEL NO. };ESISTANCE (O}zgas) MODEL NO. RES%;”*NFE (gi'iM__LS
X e
o | e T
£2018 i i2 62068 H 29
62028 2 51 62078 10 780
62038 0.50 2 . ey
- 62895 10 3180

Figure 5-7. Transient Reslponse, Test Setup

10 MV

S0
SECCONDS

iR

58
) & SECONDS

10 MV

¥

UNLOADING TRANSIENT

LOADING TRANSIENT

Figure 5~8. Transient Response, Wavefoms



5~20 OUTPUT IMPEDANCE

5-21 To check the cutput impedance, proceed as
foltlows:

a. Connect test setup shown in Figure 5-9,

b. Set METER switch to highest voltage
range and turn on supply,

¢, Adjust VOLTAGE controls until front panel
méter reads 20 volts (5 volts for Model 62038 sup-
plies).

d. Set AMPLITUDE conirol on Oscillator to
10 volts (Eipn), and FREQUENCY control to 100 Hz.

e, Record voltage across output terminals of
the power supply {Eg) as indicated on AC voltmeter,

f. Calculaie the cutput impedance by the
following formula:

Zowt = T Es
in "Eg
Ep = rms voltage across power supply out-
put puti terminals,
R = 1000

Ein = 10 volts

g. The output impedance (Zout) should be
less than 0. 020 ohms,

h. Using formula of step {, calculate cutput
impedance at frequencies of 50Kc and 500Kc,
Values should be less than 0.5 ohm and 3, 0 ohms,
respectively,

VOLTMETER
4 403 B
INDICATES E,

VOLTMETER
% 403 8
¥ DICATES £,

oo o0 0

POWER SUPPLY
UNDER TEST

OSCILLATOR
% 00 o

1: 5 —?\ MWI\-{;

l [ 1K 500 MED
it
Ay ¥

Figure 5~9. Output Impedance, Test Setup

5-22 OUTPUT INDUCTANCE

5-23 To check the output inductance, repeat steps
a through { at frequencies of 10Kc, 50Kc and 100Kc.
Calcuylate the output inductance (L) using the fol-
towing formula:

L=%L . {See Note)
2 rf

5-6

The oscillator frequency is equivalent to f in the
equation, The output inductance should be less
than 20 microhenries,

NOTE

The equation assumes that X[, is
much greater than Rou: and there-
fore X1, = Zout.

5-24 CONSTANT CURRENT TESTS

5-25 Ioad Regulation., To check the load regula-
tion, proceed as follows:

a. Connect test setup as shown in
Figure 510, .

b, Turn VOLTAGE controls fully clockwise.

c. Set METER switch to highest current
range {and RANGE switch to 20V for Model §2008)
and turn on supply.

d. Adjust CURRENT control until front panel
meter reads exactly the maximum rated output cur=
rent,

e, Read and record voltage indicated on dif-
ferential voltmeter.

f, Short out load resistor by ¢losing switch
81,

g. Reading on differential volimeter should
not vary from reading recorded in step e by more
than the following;
Model No,
Variation {mvdc)

62008 &5201B 6202B 6203B
+0,70 40,7¢ 0,950 0,575

POWER SUPPLY DIFFERENTIAL
UNDER TEST VOLTMETER
+ - -+
fFe9 (f P
R)’f
LOAD
RESISTCR Ry
AN O \s
4 TERMINAL
51 CURRENT SAMPLING
P RESISTOR
—
SHORTING
SWITCH

MOTEL NO. R.ERTSTANC-E (GH‘P;’ES!
¥,
£200R 12 1
&2018 12 1
£202B 51 2
52038 2 0. 50

Figure 5-10, Load Regulation, Constant Current



Table 5-4, Low Quiput Veltage Troubleshooting

STEP MEASURE RESPONSE PROBABLE CAUSE
1 Disable Q2 by discon- Normal output voltage. a. Constant current circuit
. faulty, check CR4 and QZA
for short.
b. R16 or Q2B open.
Low output voltage. Reconnect CR4 and proceed to
Step 2.
2 Voltage between +8 and A6, . More negative than 0V. a. Open sirap AB-A7.
oV to +0.8V. a. Check R10, C1, or CZ for
short.

b. Proceed to Step 3.

3 Voltage between +3 and 12, More positive than +3.8V. a. QlA open.
b. Q1B or R3 shorted.
+2V 1o +3.8V. Proceed to Step 4.
4 Voltage between +8 and 1§. More negative than -0.7V. a. Q3 open.
b. R33 shorted or low.
More positive than -0.7V. a. Q5 shorted.
b. Proceed to Step 5.
5 Voltage between 22 and 23. More negative than 0V. a. R34 open.
b. Q4 shorted.
More positive than OV. a. Q6 and Q7 open.

Table 5-5, Common Troubles

SYMPTOM CHECKS AND PROBABLE CAUSES

High ripple a. Check operating setup for ground loops.
b. If output floaling, connect 1pf capacitor between output and ground.

c. FEnsure that supply is not crossing over 1o constant current mode under
loaded conditions.

Poor line regulation a. Check reference cirouit {Paragraph 5~35).

b. Check reference circuit adjustment {Paragraph 5-54).

Poor load regulation a. Measurement technique. (Paragraph 5-16}

{Constant Voltage) b. Check the regulation characteristics of Zener diode VRI as follows:

{1) Connect differential voltmeter across VR1.

{2} Connect appropriate load resistor (Ry), given in Figure 5-5, across
(+) and (~} output terminals.

{3) Perform steps b through f of Paragraph 5-16.

(4) 1f the differential volimeter reading varies by more than 1.8mV,
replace VR1,

., Ensure that supply is not going into current limit. Check constant cur-
rent input circuit,




Table 5-5. Common Troubles {Continued)

SYMPTOM CHECKS AND PROBABLE CAUSES
Poor load regulation a. Check the regulation characteristics of Zener diode VR2 as follows:
(Constant Current) (1) Connect differential voitmeter across VR2.
(2) Connact appropriate load resistor (Ry), given in Figure 5-5, across
(+) and (~) output terminals.
(3) Perform steps b through f of Paragraph 5-25.
(4) If the differential voltmeter reading varies by more than the following,
replace VRZ,
62008 - 62018 £202B 6203B -
1.2mV 1.8mV 1.2mV 4mv
b. C19, C20, and CR34 leaky.
Check clamp circuit Q10, CR30, CR31, and CR32.
Ensure that supply is not going into voltage limit. Check constant volt—
age input circuit.
Oscillates (Constant a. Check Cb for open, adjustment of R30 (Paragraph 5-56}.
Voltage/Constant
Current)
Poor Stability a. Noisy programming resistor R10.
{Constant Voltage) b. CRI, CRZ leaky.
¢, Check R1, R12, R13, C2 for noise or drift.
d. Stage Q1 defective.
Poor Stability a. Noisy programming resistor R16.
(Constant Current) b. CR5, CR6, G2, C3 leaky.
¢. Check R18, R1S, R20, RZ21, C3, for noise or drift.
d. Stage Q2 defective.

Table 5-6. Selected Semiconductor Characteristics

REFERENCE . SUGGESTED
DESIGNATOR CHARACTERISTICS ¢p PART NO. REPLACEMENT
Q1,2 Matéhed differential amplifier. NPN 3i Planar. 1854-0229 ZN2917 G.E.
70 {min.) hrp {c=1mA, Vop=5V. Iep 0.01pA
@ Veho = 5V.
Q4 PNF Igex= 0.1mA {max} @ Vop=90V, 1853-0040 2N3741 Motorola
VRE=4V.
Q6,7 NPN Power hrp=35 (min.) @ =44, Vo= 4V. 18540225 2N3055 R.C.A,
CR1-5,290, Si. rectifier, 200mA, 180prv 1901-0033 1N4858 Sylvania
30,32
CR8, 9,31 3i. diode, 2.4V @ 100mA 1901~0460 iN4830 G.E.
CR11,17, Si. rectifier, 500mA, 200prv 1901-0026 1N3253 R.C.A.
22-25,34
CR26-29 81, rectifier, 900maA, 20Cprv 1901-0327 iIN5058 G.E.




5-38 REPAIR AND REPIACEMINT

5-39 Before servicing a printed wiring board, refer
to Figure 5-12, Section VI of this manual contains

a list of replaceable parts, Before replacing a semi-

conductor device, refer to Table 5-6 which lisis the

special characteristics of selected semiconductors.
If the device to be replaced is not listed in Table
5-§, the standard manufacturers part number listed
in Secticon VI is applicable. After replacing a semi-
conducior device, refer to Table 5-7 for checks and
adjustments that may be necessary.

Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a
low power solderingiron (50 watts maximum) and following these instructions, Copper thatlifis
off the board should be cemented in place with a quick drying acetate base cement having good
electrical insulating properties.

A break in the copper should be repaired by soldering a short length of tinned copper wire
across the break,

Use only high quality rosin core solder when repairing etched circuit boards. NEVER USE
PASTE FLUX. After soldering, clean off any excess flux and coat the repaired area witha
high quality electrical varnish or lacquer,

When replacing components with multiple mounting pins suchas tube sockets, electrolytic capa-
citors, and potentiometers, it will be necessary to lift each pin slightly, working around the
components several times until it is free.

WARNING: If the specific instructions outlined inthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component

to be replaced. ¥ lead of component passes
through an eyelet
in the circuit
board, apply

2. Reheat solder invacant eyeletand quickly
insert a small awlto cleaninside of hole.
If hole does
not have an
eyelet, in~

CONDUCTOR
SIDE

heat on com-~ sert awl or
ponent side a #57 drill
of board, ¥ from con-

lead of com- L*k ductor side
ponent does of board,

not pass through an

eyelet, apply Heat to conductor side of board, 4, Hold partagainst board (avoid overheating)

and solder leads.
Apply heat to compo-
nent leads on correct |
side of board |
as explained
in step 1.

3. Bend clean tinned lead on new part and
carefully insert —

through eyelets or

holes in board.

\ersvaeei

In the eventthat either the circuit boardhas been damaged or the conventional methodis imprac-
tical, use method shown below. Thigis especially applicablefor circuit boards without eyelets.

2. Bend protruding leads upward. Bend lead

1, Clip lead as shown below. of new  APPLY
component SOLDER
CLIP
around pro-
HERE

truding lead.
Apply solder
using a pair
of long nose pliers as a heat sink.

O L T R LT L

This procedure is used in the field only as an alternate means of repair. It is not used within
the faciory.

Figure 5-12. Servicing Printed Wiring Boards

5~11



Table

5-7. Checks and Adjustments After Replacement of Semiconductor Devices

REFERENCE FUNCTION CHECK ADJUST
(@3] Constant voltage differential amplifier Censtant veltage (CV) ————
line and load regulation.
Zero volt output.
Q2 Constant current differential amplifier Constant current (CC) e
line and load regulation,
Zero current output.
Q3, 04,05 Mixer and error amplifiers CV icad regulation. CV R3O
transient response, CC
ioad regulation.
Q6, Q7 Series regulator CV load regulation. ————
Q8,09 Reference regulator Reference circuit line R46
regulation.
Q10 Clamp circuit CC load regulation. et
Q11-0Q15 Meter circuit Meter zero. Voltmeter/ RB3, R72, R56
ammeter tracking.
CR1, CR2 Limiting diodes CV load regulation. o o
CR3, CR4 OR-gate diodes CV/CC load regulation. ————
GRS Limiting diode GC ioad regulation. e
CR8, CRY Forward bias regulator Voltage across each o e
diode 2.0 to 2.4 volts.
CR22, CR23, Rectifier diodes Voltage across appropri- ——
CR24, CR25, ate filter capacitor.
CR28, CR2S
CR34 Protectiora. dicde Qutput voltage ————
VR1 Positive reference veliage Positive reference volt- —-———
age (+6.2V).
VRZ Negative reference voltage Negative reference volt- e

age (-6.2V).




Tabie 5-8.

Calibration Adjustment Summary

ADJUSTMENT OR CALIBRATION PARAGRAPH CONTROL, DEVICE
Meter Zero 5-42 Pointer
Voltmeter Tracking 5-44 k63 and R72
Ammeter Tracking 544 ) K56
"Zero" Volt Quiput 5-45 R§ or RE
*Yoltage" Programming Current 5-50 R13
"Zero® Current Output 5~52 R25 or RZB
" Current” Programming Current 5-53 R19
Reference Circuit Line Voltage Adjustment 5-54 R46
Transient Response 5-56 R30

5-40 ADJUSTMENT AND CALIBRATION

5-4]1 Adjustment and calibration may be required
after performance testing, troubleshooting, or repair
and replacement. Perform only those adjustments
that affect the operation of the faulty circuit and no
others. Table 5-8 summarizes the adjustments and
calibrations contalned in the following paragraphs.

542 METER ZIRO
5-43 Proceed ag follows to zero 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 hole at top of round black plas-
tic disc located directly below meter face.

. Rotate plastic disc clockwise (gw) until
meter reads zero, then rotate cow slightly in order
to free adjustment screw from meter suspension. If
pointer moves, repeat stepg b and ¢,

5-44 VOLTMETER TRACKING

5-45 To calibrate voltmeter tracking, proceed as
follows:

5-13

a. Set METER switch to highest current posi-
tion and, with supply on and no load connected,
adjust R63 until front panel meter reads Zera.

b. Connect differential voltmeter across sup-
ply, observing correct polarity.

c. Set METER switch tohighest voltagerange
and turn on supply. Adiust VOLTAGE control until
differential voltmeter reads exactly the maximum
rated ouipui voltage. )

d. Adjust R72 until front panel meter also -
indicates maximum rated cutput voliage.

5-46 AMMETER TRACKING

5=-47 To calibrate ammeter tracking proceed as
follows:

a. Repeat steps a through e of Paragraph
5-15.

b. Adjust R56 until front panel meter indi-
cates exactly the maximum rated output current.

5-48 CONSTANT VOLTAGE PROGRAMMING
CURRENT

5-49 To calibrate the zero volt programming accu-
racy, proceed as follows:



a. Connect differential voltmeter between +8
and -8 terminals.

b. Short out voltage controls by connecting
jumper between terminals A6 and -S.

¢. Rotate CURRENT controls fully clockwise
and turn on supply.

d. Observe reading on differential voltmeter.

@, If it is more positive than 0 volts, shunt
resistor R6 with a decade resistance box (105K min).

f. Adjusi decade resistance until differential
voltmeter reads zero, then shunt R6 with resistance
value equal to that of the decade resistance:

g. If reading of step d is more negative than
0 volts, shunt resistor R8 with the decade resist-
ance box.

h. . Adjust decade resistance until differentis}l
voltmeter reads zero then shunt R8 with a resist-
ance value equal to that of the decade box.

5-50 To calibrate the programming cumrent, proceed
as follows:

a. Connect a 4K, 0,1% resistor between ter-
minals -8 and A6 on rear barrier strip.

b, Disconnect jumper between A7 and A8
{leaving A6 and A7 jumpered) on rear terminal bar-
rier strip.

¢. Connectadecaderesistance inplaceofR13.

d. Connect differential voltmeter between +8
and -8 and turn on supply.

e. Adjust decade resistance box so that dif-
ferential volimeter indicates maximum rated output
voltage within £0.4 volts.

f. Replace decade resistance with resistor
of appropriate value in R13 position.

5-51 CONSTANT CURRENT PROGRAMMING
CURRENT

5-52 To calibrate the zero current programming
accuracy, procead as follows:

&. Connect differential voltmeter between+8
and ~5 terminals.

. Short out current controis by connecting
jumper between terminals A1 and A3,

c. Rotate VOLTAGE controls fully clockwise
and turn on supply.

d. Observe reading on differential voltmeter.

e. If it is more positive than © wolis, shunt
resistor R25 with a decaderesistance box {105K min).

f. Adjust decade resistance until differential
voltmeter reads zero, then shunt R25 with resistance
value equal to that of decade resistance.

g. If reading of step d is more negative than
0 volts, shunt resistor R28 with decade resistance.

h. Adjust decade resistance until differential
voltmeter reads zero, thenshunt RZ28 with resistance
value equal to that of decade box.

5~-53 To calibrate the programming current, proceed
as follows:

a. Connect power supply as shown in Figure
5-4,

b. Remove strap between A3 and A4 (leaving
A4 and A5 jumpered).

¢. Connect a 1.5Ka, (750 for Model 6200B)
G.1% resistor between Al and AS,

d. Connect decade resistance box in place
of R19.

e. Set METER switch to highest current
range and turn on supply.

f. Adjust the decade resistance so that the
differential voltmeter indicates 1.5 + $.030V.

g. Replace decade resistance with appro-
priate value resistor in R19 position.

5-54 REFERENCE CIRCUIT ADJUSTMENTS

5-55 Line Regulation. To adjust the line regula-
tion capabilities of the instrument proceed as fol-
lows:

a. Connect the differential voltmeter

. between +5 {common) and 33 {positive).

b. Connect variable voltage transformer
between supply and input power source.

c. Adjust line to 105Vac.

d. Connect decade remstance inplace of R46,

e. Turn on supply. e

f. Adjust decade reszstance so that voltage
indicated by differential v___qitmeﬁer does not change
more than 0.2 millivolts s input line voltage is
varied from 105 to-125Vac.
i g. Replade decade resistance with appro-

vpriate value resistor in R46 posgition.

5~56 CONSTANT VOLTAGE TRANSIENT RESPONSE

5-57 To acdjust the transient response, proceed as
foiiows:

a. Connect test setup as shownin Figure 5~7.

b. Repeat steps a through e as outlined in
Paragraph 5-19.

¢. Adjust R3¢ so that the transient response
is as shown in-Figure 5-8,



SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

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

a. Reference Designaiors. Refer to Table 6-1.

b, Description, Reéfer.io Table 62 for ab-
breviations.

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

4, Manufacturer's Part Number or Type,.

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

f,  Hewlett~Packard Part Number.

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

n. Parte not identifisd by a reference desig-
nator are listed at the end of Takle 6-4 under Me-
chanical and/or Miscellaneous, The [ormer consists
of parts belonging to and grouped by individual as~
semblies; the latter consists of all parts not im-
mediately asscciated with an assembly,

6-3 ORDERING INFORMATION

G6~4 To order a replacement part, address order or
fnquiry to your local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following information for each parts
Model, complete serial number, and any Option or
special modification (§) numbers of the instrument;
Hewleti-Packard part number; circuit reference des-
ignator; and description, To crder a part not listed
tn Table $-4, give a complete description of the
part, its function, and its location,

Table 6~1. Reference Designators

A = assembly E = migcellanecus
B = blower {fan) electronic part
¢ = capacitor F = fuse
CB = circuit breaker ©7] = jack, jumper
CR = diode K = relay
DS = device, signal~ | L = inductor

ing (lamp) M = meter

[#3]

Table 6~1. Reference Designators {Continued)

P = plug by = vacuum iube,

Q = fransistor neon bulb,

R = resistor photocell, etc,

3 = switch YR = zener diode

T = transiormer X = gocket

TB = terminal block z = integrated cir-

TS = thermal switch cuit or network

Table 6-2. Description Abbreviations

A = ampere mfr = manufacturer

ac = alternating mod, = modular or
current ’ modified

assy. = assembly mig = mounting

bd = board 1 = nano = 10~9Y

bkt = bracket NC = normally closed

o = degree NO = normally open
Centigrade NP = nickel-plated

cd = card A = ¢hm

coef = coefficient obd = order by

comp = composition description

CRT = cathode-ray 0D = outside
tube diameter

CT = center-tapped | p = pico = 10~12

dc = direct current P.C. = printed circuit

DPDT = double pole, poi. = potentiometer
double throw p-p = peak-to-peak

DPST = double pole, pbm = parts per
single throw million

elect = elecirolvtic pvr = peak reverse

encap = encapsulated voltage

r = farad rect = rectifier

or = degree rms = root mean
Farenheit square

fxd = fixed Si = gllicon

Ge = germanium SPDT = single pole,

H = Henry double throw

Hz = Hertz SPST = single pole,

iC = integrated single throw
circuit 35 = small signal

D = inside diameter| T = slow-blow

incnd = incandescent tan., = tantulum

k = kilo = 103 Ti = titanium

o = milli = 10-3 v = volt

M = mega = 106 var = variable

9 = micro = 1076 ww = wirewound

met, = metal W = Watt




Table 6-3. Code List of Manufacturers

CODE
NG, MANUFACTURER ADDRESS
0062% | EBY Sales Co,, Inc. Jamaica, N.Y,
00656 | Aerovox Corp, New Bedford, Mass.
00853 | Sangamo Electric Co,
8. Carclina Div, Pickens, S8.C.
01121 {Allen Bradley Co. - Milwaukee, Wis,
01255 {Litton Industries, Inc,
Beverly Hills, Calif,
01281 { TRW Semiconductors, Inc,
Lawndale, Calif,
01295 | Texas Instruments, Inc,
Semiconducter-Components Div.
Dallas, Texas
01686 |RCL Electronics, Inc. Manchester, N, H,
01930 |Amerock Corp, Rockford, 111,
02107 | Sparta Mfg. Co, Dover, Chio
02114 Ferroxcube Corp. Saugerties, N.Y.
02606 | Penwal Laboratories Morton Grove, 11,
02660 | Amphenot Corp, Broadview, Til,
02735 |Radio Corp. of America, Solid State
and Receiving Tube Div, Somerville, N, T.
03508 |G, E. Semiconductor Products Dept.
Syracuse, N,VY,
03797 ; BEldema Corp. Compton, Calif,
03877 j Transitron Electronic Corp.
Wakefield, Mass,
03888 | Pyrofilm Resistor Co. Inc,
Cedar Knolls, N,7J.
04008 {Arrow, Hart and Hegeman Electric Co,
Hartford, Conn,
04072 {ADC Electrenics, Inc. Harbor City, Calif.
04213 {Caddell & Burns Mfg., Co. Inc.
Mineola, N,Y.
04404 | *Hewlett~Packard Co. Palo Altoc Div,
Palo Alto, Calif.
04713 | Motorola Semiconducior Prod, Inc.
Phoenix, Arizona
05277 | Westinghouse Electric Corp,
Semiconductor Dept. Youngwood, Pa.
05347 | Ultronix, Inc. Grand Junction, Colo,
05820 {Wakefield Engr. Inc. Wakefield, Mass,
06001 }|General Elect, Co. Electronic
Capacitor & Battery Dept. Irmo, 8, C.
06004 |Bassik Div. Stewart-Warner Corp.
Bridgeport, Conn.
06486 |IRC Div, of TRW Inc.
Semiconductor Plant Lyan, Mass,
06540 |Amatom Electronic Hardware Co, Inc.
New Rochelle, N.Y,
06555 }Beede Electrical Instrument Co,
: Penacoock, N, H.
06666 |General Devices Co. Inc.
Indianapolis, Ind,
06751 [Sewmcor Div. Components, Inc.
Phoenix, Arizona
06776 [Robinson Nugent, Iac. New Albany, Ind,
06812 [Torrington Mfg, Co,, West Div.
Van Nuys, Calif,
07137 |Transistor Blectronics Corp.

Minneapolis, Minn,

CODE
WO, MANUFACTURER ADDRESS
(7138 | Westinghouse Electric Corp.
Electronic Tube Div, Elmira, N,Y.
07263 | Fairchild Camera and Instrument
Corp, Semiconductor Div,
Mountain View, Calif,
07387 | Birtcher Corp. , The Los Angeles, Calif.
87397 | Sylvania Electric Prod. Inc.
Svivania Electronic Svstems
Western Div, Mountain View, Calif,
07716 | IRC Tiv, of TRW Inc., Burlington Plant
Burlington, Iowa
07910 | Continaental Device Corp.
Hawthorne, Calif.
07433 | Raytheon Co. Compoenents Div,
Semiconducior Operation
Mountain View, Calif,
08484 | Breeze Corporations, Inc, Union, N.T.
38530 | Reliance Mica Corp. Brocklvn, N.Y.
08717 | Slean Company, The Sun Valley, Calif,
08730 | Vemaline Products Co. Inc. Wyckoff, N.T.
(8806 | General Blect, Co, Minia-
ture Lamp Dept, Cleveland, Chio
08863 | Nvlomatic Corp. Norrisville, Pa.
48919 | RCH Supply Co. Vernon, Calif,
08021 {Airco Speer Electronic Components
Bradford, Pa,
09182 | *Hewlett-Packard Co, New Jersey Div,
Berkeley Heights, N.T.
08213 | General Blect, Co. Semiconductor
Prod, Dept. Buffalo, N.Y.
09214 ; General Elect. Co, Semiconductor
Prod, Dept, _ Auburn, N,Y.
09353 | C & K Components Inc, Newton, Mass.
(09922 | Burndy Corp. Norwalk, Conn.
111315 | Wagper Electric Corp,
Tung-Sol Div, Bloomfield, N.T.
11236 | CTS of Berne, Inc, Berne, Ind,
11237 {Chicago Telephone of Cal. Inc.
. Sc. Pasadena, Calif,
11542 JIRC Div, of TRW Inc, Boone Plant
Boone, N,C.
11711 | General Instrument Corp
Rectifier Div, Newark, N.J.
12136 | Philadelphia Handle Co. Inc,
Camden, N.7T,
12615 | U. 8. Terminals, Inc, Cincinnati, Chio
12617 }Hamlin Inc. Lake Mills, Wisconsin
12697 Clarostat Mig., Co. Inc. Dover, N, H.
13163 }Thermalloy Ceo. Dallas, Texas
14493 | *Hewlett~Packard Co. Loveland Div,
Loveland, Coleo,
14655 [Cornell~Dubilier Electronics Div,
Faderal Pacific Electric Co.
Newark, N.7I.
14936 |General Instrument Corp. Semicon-
ductor Prod. Group Hicksville, N.Y.
15801 {Fenwal Elect, Framingham, Mass.
16299 {Coming Glass Works, Electronic

Components Div, Raleigh, N, C.

*Use Code 28480 assigned to Hewlett-Packard Co.

, Palo Alto, California




Table 6-3. Code List of Manufacturers (Continued)

CODE
NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div. of General Motors Corp.
’ Kokomo, Ind,
17545 | Atlantic Semiconductors, Inc.
Asbury Park, N.T,
17803 | Fairchild Camera and Instrument Corp
Semiconductor Div, Transducer Flant
Mountain View, Calif,
17870 { Daven Div, Thomas A, Edison Industries
McGraw-Edison Co, QOrange, N.7J.
18324 | S8ignetics Corp. Sunnyvale, Calif,
19315 | Bendix Corp. The Navigation and
Contrel Div, Teterboro, N, T.
19701 | Elecira/Midland Corp, .
Mineral Wells, Texas
21520 | Pansteel Metallurgical Corp.
No, Chicago, I,
22229 | Union Carbide Corp. Electronics Div,
Mountain View, Calif,
22753 | UID Electronics Corp. Hollywood, Fla,
23836 | Pamotor, Inc. Pampa, Texas
24446 { General Electiric Co. Schenectady, N.Y.
24455 | General Eleciric Co, Lamp Div, of Con-
sumer Prod, Group
Nela Park, Cieveland, Ohio
24655 | General Radio Co., West Concord, Mass,
24681 { LTV Elecirosystems Inc Memcor/Com-
ponents Operations Huntington, Ind,
26982 | Dynacool Mfg, Co, Inc. Saugerties, N,Y,
27014 | National Semiconductor Corp.
Santa Clara, Calif.
28480 | Hewlett-Packard Co, Pale Alto, Calif,
28520 { Heyman Mig, Co. Kenilwerth, N,T.
28875 | IMC Magnetics Corp.
New Hampshire Div, Rochester, N, H.
31514 | SAL Advance Packaging, inc.
Santa Ana, Calif,
31827 |Budwig Mfg, Co. Ramona, Calif,
33173 |G, E, Co, Tube Dept. Owensboro, Ky.
35434 | Lectrohm, Inc, Chicago, Il
37842 | P, R, Mallory & Co. Inc,
Indianapolis, Ind,
42190 | Muter Co, Chicago, Ili,
43334 | New Departure-Hyatt Bearings Div,
CGeneral Motors Corp. Sandusky, OChio
44655 | Ohmite Manufacturing Co. Skokie, Ili,
46384 [ Penn Engr. and Mfyg, Corp,
Dovlestown, Pa,
47904 | Polarcid Corp, Cambridge, Mass,
49956 | Raytheon Co. Lexington, Mass,
55026 |8impson Dlectric Co. Div. of American
(GGage and Machine Co, Chicago, I,
56289 |Sprague Electric Co, North Adams, Mass,
58474 |Superior Blectric Co. Brigtol, Conn,
58849 | Svyntron Div. of FMC Corp.
Homer City, Pa,
587340 |Thomas and Betts Co, Philadelphia, Pa,
61637 |Union Carbide Corp, New York, N,VY.
63743 | Ward ieonard Electric Co.

Mt, Vernon, N.,Y,

CODE
NO. MANUFACTURER ADIDRESS
70563 1 Amperite Co. Inc. Union City, N.J.
70901 | Beemer Engrg. Co.  Fort Washington, Fa,
70903 | Beldan Corp, Chicago, I,
71218 ; Bud Radio, Inc. Wilioughby, Ohio
71279 | Cambridge Thermionic Cerp.
Cambridge, Mass.
71400 | Bussmann Mfg. Div., of McGraw &
Edison Co. 5t. Louis, Mo,
71450 | CTS Corp. Elkhart, Ind,
71468 § I, T. 7. Cannon Blectric Inc,
Los Angeles, Calif,
71580 | Globe~Union Inc,
Centralab 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
Chicago, 111,
71785 | Cinch Mfg, Co. and Howard
B, Jones Div, Chicago, I,
71984 | Dow Corning Corp, Midiand, Mich.
72136 | Electro Motive Mifg, Co. Inc.
Willimantic, Conn,
72619 | Dialight Corp, Brooklyn, N.Y.
72699 | General Instrument Corp, Newark, N,IT.
72765 { Drake Mig, Co, Harwecod Heights, Ili,
72562 { Elastic Stop Nut Div, of
Amerace Esna Corp, Union, N.J.
728872 | Erie Technological Products Inc, Erie, Pa.
73096 | Hart Mig, Co, Hartford, Conn,
73138 | Beckman Insifruments Inc,
Helipot Div, Fullerion, Calif,
73168 | Penwal, Inc. Ashland, Mass,.
73293 { Hughes Aircraft Co. Electron
Dynamics Div, Torrance, Calif,
73445 | Amperex Electronic Corp.
Hicksville, N,Y,
73506 | Bradiey Semiconductor Corp.
New Haven, Conn,
73559 | Carting Electric, Inc. Hartford, Conn,
73734 | Federal Screw Products, Ine.
Chicago, Il
74193 | Heinemann Electric Co, Trenton, N.]J.
74545 | Hubbell Harvey Inc. Bridgeport, Conn,
74868 { Amphenoi Corp. Amphencl RF Div,
Danbury, Conn,
74970 B, P, Johnson Co, Waseca, Minn,
75042 | IRC Div, of TRW, Inc. Philadelphia, Pa.
75183 | *Howard B, Jones Div, of Cinch
Mig, Corp. New York, N.Y,
75376 | Kurz and Kasch, Inc. Davton, Ohio
75382 | Kilka Electric Corp. Mt, Vernon, N.Y,
75915 | Littlefuse, Inc. Des Plaines, 111
76381 | Minnesota Mining and Mfg, Co,
5, Paul, Minn,
76385 | Minor Rubber Co. Inc. Bloomfield, N.T.
76487 |James Millen Mfg, Co. Inc.
Malden, Mass,
76493 [1.W, Miiler Co, Compton, Calif,

*Use Code 71785 assigned to Cinch Mig, Co,, Chicago, IlL




Table 6-3,
CQDE
NO. MANUFACTURER ADDRESS
76530 Cinch City of Industry, Calif.
768541 Cak Mig, Co. Div, of Oak
Electro/Netics Corp. Crystal Lake, IlL
77068 } Bandix Corp., BElectrodynamics Div,
No, Hollywooed, Calif,
77122 | Palnut Co. Mountainside, N,T.
77147 | Pation-MacGuver Co. Providence, R, I,
77221 | Phaostron Instrument and Electronic Co.
South Pasadena, Calif,
77252 | Philadeliphia Steel and Wire Corp.
Philadelphia, Pa.
77342 { American Machine and Foundry Co,
Potter and Brumfield Div. Princeton, Ind.
776301 TRW Elecironic Components Div,
Camden, N,J.
777641 Resistance Products Co, Harrisburg, Pa,
781891 Illinois Tool Works Inc, Shakeproof Div,
Elgin, IlL
78452 | Everlock Chicago, Inc, Chicago, 111,
78488 Stackpole Carbon Co. 3t. Marys, Pa,
785261 Stanwyck Winding Div, San Fernando
Electric Mig, Co. Inc, Newburgh, N.Y.
78553 Tinnerman Products, Inc, Cleveland, Ohio
78584} Stewart Stamping Corp, Yonkers, N.Y,.
79136 Waldes Kohinoor, Inc, L.I.C,, N.Y.
79307 | Whitehead Metals Inc, New York, N.Y.
797271 Continental-Wirt Elecironics Corp,
Philadelphia, Pa,
79963 | Zierick Mfg, Co. Mt. Kisco, N, Y.
80031 | Mepco Div, of S8essicns Clock Co. }
Morristown, N.T.
80294 | Bourns, Inc, Riverside, Calif,
81042 | Howard Industries Div, of Ms! Ind, Inc,
Racine, Wisc,
81073% Gravyhill, Inc, La Grange, ILL,
81483 ] International Rectifier Corp.
El Segundo, Calif,
81751 Columbus Electronics Corp. Yonkers, N, Y.
820891 Goodyear Sundries & Mechanical Co, Inc.
New York, N.Y.
82142 | Airco Speer Llectronic Components
Du Bois, Pa.
822181 Sylvania Blectric Products Inc.
Electronic Tube Div. Receiving
, Tube Operations Emporium, Pa,
823891 Switchcraft, Inc. Chicago, IlL
82647 1 Metals and Controls Inc., Controt
Products Group Attleboro, Mass.
82866 | Research Products Corp. Madison, Wis,
828771 Rotron Inc, Woedstock, N.Y.
828831 Vector Electronic Co. Glendale, Calif.
B3058| Carr Fastener Co, Cambridgs, Mass,
83186| Victory Engineering Corp,
Springfield, N,JT.
83298] Bendix Corp, Electric Power Div,
Eatontown, N.J.
B3330 | Herman H. Smith, Inc, Brooklyn, N, Y.
833851 Central Screw Co. Chicago, [,
83501} Gavitt Wire and Cable Div, of

Amerace Bsna Corp, Brookfield, Mass.

6-4

Code List of Manufacturers {Continued}

CODE
NO. MANUFACTURER ADDRESS
835081 Grant Pulley and Hardware Co,
West Nyack, N.Y,
83594 | Burroughs Corp. Electronic
Compenents Div, Plainfield, N.7J,
83835 | U. 8. Radium Corp, Morrigtown, N.J.
83877 | Yardeny Laboratories, Inc,
New York, N.,Y,
84171 | Arco Electronics, Inc, Great Neck, N.Y,
84411 | TRW Capacitor Div, Cgailala, Neb,
86684 | RCA Corp, Elecironic Components
Harrison, N.J,
868381 Rummel Fibre Co, Newark, N.T.
870341 Marco & Oak Industries a Div, of Qak
Eleciro/netics Corp, Anaheim, Calif,
872161 Philco Corp., Lansdale Div. Lansdale, Pa,
87585 Stockwell Rubber Co. Inc.
Pniladelphia, Pa,
879291 Tower~Olschan Corp, Bridgeport, Conn,
881403 | Cutler-Hammer Inc, Power Distribution
and Control Div, Lincoln Plant
Lincoln, Ii,
88245 | Litton Precision Products Inc, USECO
Div, Litton Industries Van Nuysg, Calif,
30634 | Gulton Industries Inc, Metuchen, N.,I,
30763 | United-Car Inc, Chicago, I,
91345 | Miller Dial and Nameplate Co,
, El Monte, Calif,
91418 | Radio Materials Co. Chicago, I,
81506 | Augat, Inc. Attleboro, Mass,
91637 | Dale Electronics, Inc, Cotlumbus, Neb,
916621 Tico Corp. Willow Grove, Pa,
918281 Honevywell Inc, Div. Micro Swiich
Freaport, Il
928251 Whitso, Inc. Schiller Pk, , Ili,
933321 Svlivania Electric Prod, Ine, Semi-
conductor Prod, Div, Woburn, Mass.
93410 Essex Wire Corp., Stemco
Controls Div. Mansfield, Ohio
84144 Raytheon Co, Componants Div,
Ind, Components Oper, Quincy, Mass,
894154 Wagner Electric Corp,
Tung-5o0t Div, Livingston, N.]J.
942221 Scuthco Ing, lester, Pa,
952631 Leecraft Mfg, Co. Inc, L,LC,, N.Y,
953541 Methode Mig, Co. Rolling Meadows, I1l.
957121 Bendix Corp, Microwave
Devices Div, Franklin, Ind.
95887 | Weckesser Co, Inc. Chicago, 111,
96791 ] Amphenol Corp, Amphenol
Controls Div, Janesvilie, Wisg,
97464 Industrigl Retaining Ring Co,
Irvington, N.I.
977021 IMC Magnetics Corp. Eastern Div,
Westhury, N,Y.
982911 Sealectro Corp. Mamaronack, N, Y,
984104 ETC Inc. Cleveland, Chic
98978 International Electronic Research Corp.
Burbank, Calif,
999341 Renbrandt, Inc, Boston, Mass,




Reference Mfr, Part # Mifr, &
Designator  Description Quantity or Tyvpe MEr, Code Stock No, RS
C1.8 fxd, elect 4. 7uf 35vde Z 150D475X8035B2 Sprague 56289 0180=0100 1
2,18 fxd, film . 0lpf 200vdc 2 192P10392 Sprague 56289 0160-0161 1
C3 fxd, film 0. 1pf 200vde 1 192P10492 Sprague 56289 01600168 1
C4,6-8,11,

15 Not Assigned - - - - - -
C5 fxd, film , 001pf 200vde 1 192P10292 Sprague 56289 0160~0153 1
Cig fxd, elect 100pf 50vde 1 D32218 Sprague 56289 0180~1852 1
Cciz fxd, elect 490pf 85vde 1 D38618 Sprague 56289 0180-1888 1
C:3,14 txd, elect 145Cuf 45vde 2 D39532 Sprague 56289 0180-1883 1
Cl6A NOT USED - - - - - -
C16B,17 fxd, ceramic , 05puf 500vde 2 33C17A Sprague 56289 0150-0052 1
C1i9 ixd, elect 15uf 50vdc 1 150D156X0050R2 Sprague 56289 0180-1834 1
cae ixd, elect 80uf 300vde 1 039041 Sprague 56289 3180~1851 1
CR1-5, 20,

30,32 ract, sil, 200ma 180prv 8 1N4858 Sviv, 3332 1901-0033 6
CR6, 7,10,

12-19,21,

33,35 Not Assigned - - - - - —-
CR8.9,31 diode, sil. 2. 4v @ 100ma 3 STR~523 G.E, 11711 1901-0460C 3
CR11,17,

22-25,34 rect, sil, 500ma 200prv 7 1N 3253 R.C.A, 02735 1901-0389 6
CR286, 27 NOT USED - - - - -
CR28, 29 rect, sil, 900ma 200prv 2 G100D G. E. 11711 19610327 2
Del Indicator Light, neon 1 858R Slean 08717 14503-0048 1
Pl Fuse cartridge 2a @ 250v 3AG 1 312002 Littlefuse 75915 2100-0002 5
1,2 STRAP (fumpers)} 2 - - - - -
QL. 2 88 NPN diff amp sil, 2 47X 12A839 G.E. 03508 1854-0229 z
Q3,5,8,10,

12,14,15 88 PNP sil, 7 2N28074 Sprague 56289 1853-0099 6
Q4 S5 PNP sgil. i 40362 R.C.A, 02735 1853~03041 1
Q6,7 Power NPN 2 36616 HIAB 09182 1854-0225 2
Q% S35 NPN sil, 1 2N3417 G.E. 03508 1854~G087 1
©11,13,17 88 NPN sil. 3 SK1124 T.1. 01295 1854~0071 3
Qlb Not Assigned - - - - - -
R1 fxd, ww 1K~ £5% 3w 20ppm 1 24281025 Sprague 56289 0813-0401 1
R2,22,23,29 fxd, film 6, 2K #1% 1/Bw 4 I.R.C, 07716 0698-5087 1
R3 fxd, film 15K 1% 1/8w 1 I.R. C, 07716 0757-0446 1
R4, 64,65 ixd, film 20K £1% /8w 3 I.R.C. 07716 0757~0449 1
R5,26,76,77 fxd, film 1.5Ka 1% 1/8w 4 I.R.C. 07716 87570427 1
RE, 25 ixd, comp 360Kn £5% fw 2 A. B. 01121 0686=-3645 1
R7 Ixd, film 61, 9¥n 21% 1/Bw 1 I1.R.C, 07716 0757-0460 1
RS, 28 ixd, comp 560K 5% iw 2 A.B, 01121 06865645 1
RS, 11, 35~37,

359.53,79,

81~83 " Not Assigned - - - - - -
R10 var, ww DUAL 5K~~50n 1 100148~3 HIAB 09182 2100-0996 1
R12 fxd, ww 1. 3Kn £5% 3w 20Bpm 1 24281325 Sprague 56289 0811~1813 1
-R13,19 fxd, comp SELECTED 5% 4w 2 A B. 01121 -
R14 fxd, comp 3. 3n £5% iw 1 A.B. 61121 0686~03358 1



Reference Mfy, Part # Mfr, &
Designators Description CQuantity  or Type Mir Code Stock No, RS
R15 fxd, comp 82Kn £5% Lw 1 AL B, 01121 0686-8235 H
R16 var. ww DUAL 1, 8Ka-20a 1 160149-2 HIAB 09182 21000995 1
R17,55 NOT USED - - - - - -
R18 fxd, ww 6, 5Kn £5% 3w 20ppm 1 242B6525 Sprague 56289 0811-1814 1
R20, 48 fxd, film IKn 1% %w 2 I.R. C. 07716 0757-0338 1
RZ21 fxd, comp 39~ #5% Lw 1 A, B. 01121 0686-3905 1
R24 fxd, film 4, 75Kn %1% L/8w 1 I.R, C, 07716 07570437 1
R27,32 fxd, ww . 51n £5% 2 Type BWH I.R. C. G7716 0811-092% 1
R30 var, ww 5Ka {Modify) 1 Type 110~F4 C.T.8. 11236 2100-1824 1
R31 fxd, comp lKa +£5% Lw 1 A B, G112l 0686~1025 1
R33 fxd, comp 10Ka £5% tw 1 AL B, 61121 0686-1035 1
R34 fxd, film 820n *5% 2w 1 Type C428 Corning 16299 0698-3637 1
R38§, 44 fxd, comp 47Kn 5% tw 2 A B. 0112} 0686-4735 3
R40,62 fxd, film 639~ £1% 2w 2 I.R.C. 067716 0757-0728 1
R41 fxd, comp 12Kn +5% $w 1 A, B. 01121 0686-1235 1
R42 fxd, comp 6. BR~ £5% %w 1 A, B. 01121 0686~6825 1
R43 fxd, film 470~ 1% Iw 1 IR, C, 07716 06%8-3506 1
R45 fxd, comp 5. 1K~ £5% iw 1 A B, 01121 0686-5125 1
R46 fxd, comp 100Kn #5% 4w 1 A, B. 01121 0686~-1045 1
R47 fxd, comp 430n #5% tw 1 A.B, 01121 0686-4315 1
R49 fxd, ww 1Kn 5% 5w 1 Type 5XM W, L, 63743 0812-0099 1
R50 fxd, comp 10~ 5% Zw 1 A B, 01121 0586-10405 1
R51 fxd, comp 30Kn +5% 4w 1 A B, 01121 0686~3035 1
R52 ixd, comp 22Ka #5% Jw 1 A, B. 01121 0686~2235 1
R54 fxd, ww In &, 5% 8w 1 Type T-7A R.C.L, 01686 0811-2133 1
R56 var, ww 1K. (Modify) 1 Type 110-F4 C,T.8. 11236 2100~0391 1
R57, 60 fxd, film 900, %1% 1/8w 2 LR C. 07716 0757-109% 1
R58,59 fxd, film 100. %1% /8w 2 I1.R.C. 0771t 0757-0401 1
R61 fxd, film 23Ka #1% /8w 1 I.R. C. 07716 0698-326% 1
R63 var. ww 10Ka 1 Type 110-F4 C.1.8, 11236 2100-0396 1
R6&, 67 fxd, film 3. 40Ka £1% iw 2 I.R. C, 67716 0696-4640 1
R68,69 fxd, film 365, =1% tw Z LR C. 07716 0757-0723 1
R70,71,75,

84-86 fxd, film 3K~ £1% 1/8w 6 LR.C. 07716 0757-1083 2
R73 fxd, film 750~ %1% /8w 1 LR.C. 07716 0757-0420 1
R72 var, ww 250, (Modify) 1 Type 110~F4 C.T.8. 11236 2100-0439 1
R74 fxd, film 9. 09¥A £1% 1/8w 1 ILR.C. 07716 0757-0288 1
R78 STRAP - - - - - -
R8O fxd, comp 33Ka £5% Zw 1 A B, 01121 0686~3335 1
51 Switch, SPST, ON/OFF I T110-62 Carling 73559 3101-1055 1
S2 Switch, meter rotary 1 HLAR cole2 3100-1910 1
Ti Power Transformer 1 HT6201A HLAB 09182 §100-1817 1
VR1, 2 diode, zener 6, 2v 2 1N821 N.A. Elect. 06486 1802-0761 2

5 Way binding post (red} 3 DF21 Maroon Superior 58474 1510-0040 1
5 Way binding post (black) 2 DF21BC Superior 58474 1510-0039 1
Fastener 1 C12008~0G14~4 Tinnerman 89032 0510-0123 1
Line cord, plug, PHISL, 7% i, 1 HE~4701 Beldon 70903 8120-00580 1
Strain Relief bushing 1 SR-5P-1 Hevyco 28520 0400-0013 1
Jumper 8 422-13-11 013 Cinch 71785 0360-1143 2
Barrier strip 1 100237~15 HIAB 08182 0360-0086 1
Rubber bumper 4 MB50~701 Stockwell 87575 0403-0088 1



Reference Mfr, Part # Mfr, @
Designator  Description Quantity  or Tvpe Mfr, Code Stock No, RS
Rubber bumper 3 4072 Stockwell 87575 0403-0086 1
Knob % insert pointer 5/8 dia. 1 HIAB 09182 0370-0084 1
Knob 17/64 insert pointer (blk.}) 2 HIAB (9182 03700101 1
Knok, 3/16 insert pointer fred} 2 HILAB 039182 0370-0179 1
Meter Bezel, 1/6 Mod, 1 HIAB 09182 4040-0295 1
Fuse Holder 1 342014 Littiefuse 75915 14000048 1
Meter, 21" size, DUAL scale,
0-24V, 0«1, 84 1 HIAR 09182 1120-1227 1
Maeter Spring 4 HIAR 09182 1460-0256 1
Fastener 8 (8091 632-4 Tinnerman 89032 0510-0275 2
Captive nut 8 ClA-632~2 Pem Eng, 46384 0590-0383 2
Heat Dissipator 1  TXBF-0320258 E.R.C. 989878 1205-0011 1
Mica Insulator 2 734 Reliance 08530 (3340-0174 1
Insulator, transistor pin 4 100146-1 HIAR 09182 0340~0166 1
Insulator 4 100151-1 HIAB 09182 0340-8168 i
OPTIONS
06 Overvoltage Crowbar 1 HLAB 09182 Model 6916A 1
07 Voltage 10-turn Potentiometer 1 Series 8400 IRC 07716 2100-1885 1
08 Current 10~turn Potentiometer 1 Series 8400 IRC 07716 2100~1864 1
09 Voltage 10-turn Potentiometer 1 Series 8400 IRC 07716 2100~1885 1
Current 10-turn Potentiometer 1 Series 8400 IRC 07716 2100-1864 1
i3 Voltage Decadial Control 1 {Includes:)
Voltage 1G~turn Pot. 1 Serics 8400 IRC 07716 2100-1865 1
Decadial Assembly 1 RD-411 IRC 07716 1140-0020 1
14 Current Decadial Control 1 {Includes:)
Current 10-tuwrn Pot. 1 Series 8400 IRC 07716 2100-1854 1
Decadial Assembly 1 RD-411 IRC 07716 1140-0020 1



APPENDIX A

Option 11, Overvoltage Protection " Crowbar

DEBCRIPTION:

This option 18 installed in DC Power Supplies, 6200B, 6201B, 6202B, 6203B, 6204B, and 62068, and .
tested at the factory. It consists of a printed circuit board, screwdriver-type front panel potentiometer,
and six wires that are soldered to the main power supply board.

The crowbar monitors the output voltage of the power supply and fires an SCR that shorts the output
when it exceeds the preset irip voltage. The trip voltage is determined by the setting of the CROWBAR AD-
JUST control on the front panel. The trip voltage range is as follows:

Model 62C0B 62018 6202B 6203B 62048 62058 62068

Trip Voltage Range 2.5~44V 2.5-23V 2,544V 2.5-10V 2,5-44V 2.5-44V 2.5-80V

To prevent transients from falsely tripping the crowbar, the trip voltage must be set higher than the
power supply output voltage by the following margin: 4% of the output voltage plus 2V. The maryin repre-
sents the minimum crowbar trip setting for a given output voltage; the trip voltage can always be set higher
than this margin.

OPERATION:

1. Turn the CROWBAR ADJUST fully clockwise to set the trip voltage to maximum.

2. Set the power supply VOLTAGE control for the desired crowbar trip voltage. To prevent falge crow-
bar tripping, the trip voltage should exceed the desired output voltage by the following amount: 4% of the
cutput voltage plus 2V.

3. Blowly turn the CROWERAR ADJUST cow until the crowbar trips, output goes to § volt.

4, The crowbar will remain activated and the output shorted until the supply is turned off. To reset
the crowbar, turn the supply off, then on.

5. If the CROWBAR must be completely disabled, remove the lead attached to the CROWBAR ADJUST
potentiometer R5.



Table A-1. Replaceable Parts
REE. DESCRIPTION T FR. PA MIR. @ RS
DESIG. - L Q MFR. PART NO. { sope | part nNO.
Ci fxd, elect 1upf 50Vde 1 30D105G050RA2 56288 0i806-0108 1
(oY fxd, mica 510uf 500Vdc 1 RCMI15E511T 44062 0:140-0047 1
CR1-CR3 Rect, 35i, 200mA 200prv 3 1N4858R 93332 1901-0033 3
CR4 SCR 7.4A 100prv 1 CZ20A 03508 18B4-0031 1
QL2 55 NPN 8i. 2 IN3417 43508 1854-0087 A
R1 ixd, met. film 10a 1% 1/8W 1 Type CEA T-0O 07716 0757-0346 1
R2 fxd, comp 2.7~ £5% 1W 1 GB-2725 01121 0698-2725 1
R3 fxd, met. film 1.21Kn +1% 1/8W 1 | Type CEA T-O 07716 § 0757-0274 1
R4 fxd, met, film 7.5Kn £1% 1/8W 1 Type CEA T-0O 07716 07570440 H
RS var, ww 10K~ +5% 1 09182 2100-1854 1
R6 fxd, ww 1Kn £5% 3W 1 242831025 56289 08130001 1
R7 fxd, comp 22A £5% 1W 1 | 8B-2205 01121 | 0686-2205 1
RE fxd, met. film 471~ 1% 1/8W 1 Type CEA T-O 07718 g648~5514 1
T1 Transformer, Pulse 1 09182 5080-7122 i
VR1 Diode, Zener 6.19V 5% 1| 1n7s3 04713 | 1302-0049 | 1
VR2 Diode, Zener 2,37V £5% 1 | 1N4370 04713 | 1902-3002 | 1
MISCELIANEQOUS
Prirted Circuit Board (Blank) 1 09182 | 5020-5750
P. C. Board {Includes Components) 1 09182 5060-6175
Heat Sink 1 09182 5000-6229
Insulator (CR4) 1 09182 0340-0462 1
Mica Washer 1 09182 2190-070% 1
Cable Clamp 1 T4~4 79307 1400~0330 1
Front Panel {Modified) 1 09182 [06203-60001
62018
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MANUAL CHANGES

Model &
Ma

018 DC Power Supply
‘art Nao.,

06201-20001

Make all corrections in the manual according to errata below, then check the following table for yvour power

supply

SERIAL MAKE
CHANC

Prefix Number CHANC
ALL Priata
A 0701 - 115G 1
T 1151 - 1550 1.2
TA 1551 ~ 2838 1,2,3
Th 2834 - 2938 1.2,3, 4
11450 2939 - up 1 thru 5

03,5,8,10,12, 14,15 Change to 2N29074,

Sprague, 56289, HP Part No, 1853-0099, $3 PNP Si,

CHANGE 1:

On the Title Page change Serial Number Prefix from
VERY 1o BTALY

In Tigure 4-5 and Par
VRS {zenar diode).

sh 4-19, change CR31 to

In Figure 4-6 remove RE4 {rom collector circult of
Q17 and coennect in series with collector of (5,

In Table 5-6, "Selected Semiconducior Character—
istics", add VR3, zener diode, 4.22V, 40mwW, HP
Part No. 1902-3070, IN744 Motorola.

In the replaceable parts table make the following
changes:

CR31l: Delete CR31,

Q4: Change to 35 PNP 5i., 28480, HP Part No.
1853~0063.

Q9: Change to 28480, HP Part Ne.
1854~0071.

REY9: Change to 1,5ka, £1%. 1/8W, ILR.C.,

CEA T-0, HP Part No. 0757-0427,

R39: Add new resistor, R309, fxd, {ilm 1,21k,
+1%, 1/8W, 1.R. C., CEA T-0, HP Part No.
G757-0274,

R40, 62: Change to fxd, film 900., 1/8W, I.R.C.,
CEA T-0, HP Part No, 0757-105%%, +1%.

R43: Change f¢ 422+, W, #1%, [xd, met. film,
LR.C., CEBT-0, HP Part No. 0698-4530,

R47: Change to 470, fxd, cemp £5%, +W, A.B.,
EB-4715, HP Part No. 0686-4715,

R48: Delete R4E8,

R84: Change to 300~, £5%, +W, A, B, , EB-3015,
HP Part No. D686-3015,

RBo: Change o 6.2kn, fxd, met, film +1%,
1/8W, CEA T-0, I.R.C., HF Part No, 3698-5087,

rial number and enter any listed changels) in ithe manual.

CHANGE Z:

In the replaceable parts table, delete ©O11 and Q13
transistors and replace with a new single diffsren-
ttal amplifier WP Part No. 1854-0221. Circult Ref-
erences for Ol and Q13 remain the same with Q11
serving as the "A" zide and Q13 the "B side of the
new transistor. All circuit connections to QI11{A)
and Q13(B} are unchanged. Also makse the follow-
irig changes:

E4(: Delete resistor R40,
R6Z: Change to fxd, met, film 750., 1%, 1/8W,

CEAT-0, I.R.C., HP Part No. 07570420,

RE3: Change to var., ww Ska, Type 110-F4,
CLoFoS,, HE Part Ne, 2100-1824.

LG4, R65%: Change to Ixd, met. film 12k~, +1%,
1/8W, CTA T-0, I, R.C., HP Part No. 0698-5088,

YR3: Add zener diode VE3, 4,22V, £5%, 400mwW,
28480, HP Part No, 1902-3070,

On the schematic, delete R40 in the meter circuil
and connect zener diode VR3 in its place. Anode of
VE3 ie connected to base of Q1% and ¢athode to
+12.4 volis,

SHANGE 3:

In the replaceable parts table, add new resistor
R83, fxd, comp 100, +£3%, tW, EB-1015, A B,
HP Part No. 0686-1015, On schematic conneot
RE83 between base of Q4 and emitter of OF. Also,
change F4

17 to 470~

CHANGE 4;

In the replaceable parts table, make the followling
changas:
Ti: Change to HP Part No. 06201-80091.
Terminal Strip: Change to HP Part No. 0360-1634,

B CHANGE 5t

The Serial Prefix of this unit has been changed io
11454, This is the only change,

11-1-71
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Stackholm
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sewlatt Packard Schweiz AG
Zurchersteasse 20
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1217 Mewrin 7 Geneva
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TURKEY

Tefekam Engineering Bureay
P.0. Box 376

Karzkoy

Istanbul
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Cable: TELEMATION istanbul

UNITED KINGDIOM
Hewlett-Packard Lid.
224 Bath Road

Stough, S 4 DS, Bucks
Tel: Slough (0753) 33341
Cabie: HEWPIE Sleugh
Teiex: 34413
Hewiett-Packard Lig.
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Stamford Mew Ro2g
Aitrincham, Che
Tel: GE1 928-F526
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Tel: (222) 3366 (6/09
Cable: HEWPACK Vierna
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ALE OTHER EUROPEAN

COUNTRIES CONTALT:

Hewlett-Packard 8.A.

Rue du Bois-dwlan 7

1237 Meyrin 2 Geneva
Switzartand

Tei: (822} 41 54 09

Cable: HEWPACKSA Seneva

Telex: 2.24.86

AFRICA, ASIA,

ANGOLA
Teiectra Empresa Téonia
de Equipamentns Etéclricos

SAR

fua de Bsrbosa Rodrigues
42-1¢

Box G487

Luanda

Cshle: TELECTRA Luanda

AUSTRALIA

Hewletf-Packard Australia
Py, 1id,

22-26 Welr Streat

Glent #ris, 3246

Victeria

Tel: 20.1371 {5 lines)

Cable: HEWPARD Metbourne

Telex; 31024

Hewlelt-Packarg Australia
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Tel: 43.7888

Cahte: HEWEARD Sydney
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Hewiett-Packard Australia
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Cable: HEWPARD Adclaide
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Cable: HEWPARD Perth

Hewlell-Packard Australia
Ply. Ltd,
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£,0. Box 181

Dickson ALY, 2602

Tel: 49-8194

Labla: HEWPARD Canberra ACT

Hewiett-Packard Austrayis
Ply. i,

75 Simpsens Road
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Queensiand, 068

Tel: 35-5411

AUSTRALIA

CEYLON

United Electrlzals Ltd.
P.0, Box 883

Yahzla Building

Slaples Strest

Coiomba 2

Tel: 5486

Cahle: HOTPOMNT Colsmbo

CYPRUS
Kypronics

1% Gregorfos & Xeaopoulos Road

P.0. Box 1152
Nicesia

Teh 6282-75628
Cable: HE-I-TEAR

ETHIOPIA
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Private 4., Co.

P. 0. Box 718
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Addis Ababa

Tel. 12283

Cable: ASAC(K Addiszhaba

HONG KONG

Sehmidt & Co. (Hong Kong) Bid,

?.0. Box 257
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Hang Kang

Tef: 240168, 232735
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INBIA
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Ted 29 §) 21
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Cable: BLUEFRCST

Blue Star Ltd,
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Prabhadewi
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Kanpur, India
Tel: & 88 &2
Cabte: BLUESTAR
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7 Hare Street
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Tel: 23-0131
Telex: 655
Cabte: BLULSTAR

Blue Star Lid.
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New Defhl 24,
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17-C {Hsoor Roud
Bangzlore-8

Elee Sfer, Lid.

46 Park Lane
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Tel: 7 §3 91

Cabe: BLUEFROST
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Tel: 2 39 55
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Blue Star, L4d.
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Dindli Road
Jamshedpyr,
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Cabrfe: BLUESTAR

INDONESEA

Ba%k Bolon Trading Coy, BV
Bjzlah Mergeka 29
Bandung

Tel: 4515; 51580

Ceble: HMO

Telex: 08-308

1RAN

Telecont, Lid.

P 0. Box 1812

740 Kh. $aba Shomali
Teheran

Tel: 43850, 28111
Labie: BASCOM Teheran
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Elecironics & Enginearing
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Tei-Aviv

Tel: 36941 (3 fines)
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Telex: Bastel Tv 033.56¢%

JAPAN
Yokogawa-Bewlett-Packard L.
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1591 Yoyogt
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Tet: 03-370-2281/7

Telex: 232-2924V8P

Cable; YHPMARKET TOK 23.724

|ndia
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Yokogawa-Hewletl-Packard tid.
Misef fbaragi Bldg.

2-2:8 Kasuga

Fraragi-Shi

Dsaka

Tel: (0728) 23-1641

Febex: 385-3332 YHPOSAKA

Yokogawa-Hewlelt-Packard Lid
ito Butlding

No. 59, Kotori-cho
Hakamura-ku, Nagoya City
Fek (052) 5510215

Yokopawa-Hewlatt-Packard Lid,
Nitto Bldg.

2300 Shinvhara-cio,
Hohaku-iu

Yokohama 222

Tal: {405) 432-15064/8

KENYA

Kenya Kinetics
F.G. Box 18311
MNairehi, Kenya
Tel. 59726
Cible: PROTON

KOREA

American Yrading Co,

Horea, Lid.

Sgoul P.G. Box 1103

7th & 8th fleors, Dagkyung Dldg.
107 Sejong Ro

Chongro-Ku, Seout

Tel: 75-5841 (% lines)

Czble: AMTRACG Seout

LEBANON

Constantin E. Macridis
Clemenceau Street

P.0. Box 7213

Bekrot

Tel: 220846

Capie: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Lid.

2 Lorong 13764

Section 13

Pelating faya, Selangor
CGable: MECOMB Kuala Lumpur

MOZAMBIQUE

A, N, Goncaives, LDA,
4.1 Apt. 14 Av. DO lais
PO, Bex 107
Lourence Margues
Cabie: NEGON

NEW ZEALAND
Hewlett-Packard (N.2)) Lid,
94-98 Dixsen Si.

P.G. Box 9443

Wellingten, N.Z.

Tel: 56-559

Cahie: HEWPACK Wellington
Hewlet! Packard (N.2) Lid,
Box 51092

Pakurangs

Tel: 573.733

Czhlg: HEWPACK, Auckiand

PAKISTAN (EAST)
Mushke & Company, tid.
1, Jinnzh Avenue

Daces 2

Teb: 780058

Cable: NEWDEAL Dacca

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

Abdutizh Hatoce Road
Karachi 3

Tel: 512027, 512827

Cabte: COOPERATOR Karachl

PHILIPPINES

Eiectramex inc.

Fakati Commercial Cester
7129 Pasong Tama
Makatt, Rizzi D 708

P.0. Box 1028

Mapifa

Tel: 89-85-G1; §8-81-73
Cable: ELEMEX Mania

SINGAPORE

Mechanical and Combustlon
Engineering Company Lid.

9, jalan Kllang

Red Hil¢ Industrial Estate

Singarorg, 3

Tel: 632361-3; 832611

Cable: MECOMB Singapore

Hewietl-Packard Far £ast
Area Difice

P.o. Box 87

Alexandra Post Office
Singapore 3

Tel: 633022

Cable: HEWFACK SINGAPORE

SOUTH AFRICA

Hewiett Packard South Africz
(PLy., Lid,

P.O. Box 31718

Braamfontein Transvaal

Milnertan

3(1 De Beor Street

Jehanreshurg

Ted: 725-2080, 725-2030

Teken: 0226 JH

{able: HEWPACK Johanneshurg

Hewlett Packard South Africs
(Piy.), L.

Breecastle Heuse

Bree Street

Cape Tawn

Tel: 36018, 3-6545

Cabls- HEWPACK Gape Town

Telex: 5-0006

Hewiett Packard South Africo
Py, Lid,

9B Glanwood Centra

Comer Huat & Msere Roads

P.6. Box 99

Overport, Matat

Tel: 347535

TAIWAN

Hewlett Packard Vaiwarp

3¢ Chung Shiae West Road

Sec. 1

Overseas Insurance

Corp. Bldg. Tth Flasr

Taipei

Tel: 579-605, 579-510, G75-513
Telox: TPE24 HEWPACK

{able: HEWPACK Taipei

THAILAND

The Internailonai
Engineeting Co., L0,

P. 0. Box 39

614 Sukhumyit Read

Bangkek

‘Tal: 910722 {7 lines)

Cebie: GYSOM

TLX IRTENCO BK-226 Banghok

UGANDA

Uganda Tele-Electric 6., Lid.
7.0. Hox 4449

Kawpala

Tel: 57279

Cable; COMCOC Kampala

VETNAM

Paninsuiar Trading Inc.

P.0, Box H-3

216 Hien-Vuong

Saigon

Tel: 20805, 93338

Cable: PENTRA, 3AIGON 242

ZAMEBIA

R. 1. Tilbury (Zambia} Ltd.
P.G. Box 2782

Lusaka

Zambia, Ceniral Africa
Tel: 73743

Coble: ARIAYTEE, Luszha

MEDITERRANEAN ANTX
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CONTACT:

Hewlatt-Packard Cortespondence
Office

Pizzza Marcont 25

P-00id4 Rome-Eur Haly

Tel: () 59 49 28

Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Hawleit-Packard

INTERCONTINENTAL
3200 Hillview Ave,
Palo Atto, California 94304
Teb: {413} 326-7000

tFeb, 71 483-1601)

TWR: 210-373-12687
Cabte: HEWPACK Fais Alto
Telex: 034-8401
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HEWLETT - PACKARD

UNITED STATES

ALABAMA

P.0. Hox 4207

2003 Byrd Spring Road 3W.
Huntsville 35802

Tel: (205) 881-4591

TWX: 810-726-7204

ARIZONA

2336 E. Magaciiz SL
Fhognix §50.34

Tel: (602) 2523061
TWX: 816-851-1339

5737 East Srow
Tucson 85716

Fal: £602) 298-2313
TWX: DI0-052-:182

CALIFORNIA

1430 East Qrangetherpe fve.
Fullerten 92631

Tel: (714} 870-160Q

393% Lankershim Beulevard
Nerth Bollywood 91604
Tel: {213) 877-1282

TWX: Di0-4959-2170

110l Embarcaderc Rozg
Pale Ajte 94303

Tel: (415) 3276500
TWX: 930-373-125Q
222G Wall Awe.
Sacramante SHA25

Tol: (916) 482-1463
TWX: 910-367-2092

9608 Aerp Drive
San Diege 62123
Tel: {714) 279-3260
THY: 910-335-2600

COLORADOD

7865 East Prentice
Englewcod 80110
Tel: {303) 771-3455
TWY: $10-935-0705

CONNECTICUT
508 Toliand Streel
East Hariford GR108
Tel: (203) 289-5334
TWL 710-426-3418

131 East Avenue
Norwall 05E51
Tel: {203} 2863-125]
TWX: 716-468-3750

FLORIDA

P.G, Box 24719

2805 W. Ozkiand Park Slvl.
£4, Lauderdale 33307

Tel: (305} 731.2020

TWY: 516-955-2008

B.0. Box 20087

Herrdon Statfen 32824
821 Commoawealth hugnus
Oitande

Tel: (305) 841-3970

TWX: 8§10-850-0113

GEORGIA

F.0. Box 28234

450 interstate North
Atlanta 39328

Tef: (404) 436-G1B1
TX: 810-756-4890

ILLINOIS

5500 Howard Sireet
Skekie 60976

Tel: (312) 677.0400
TWX: 910-223-3513

INDIANA

J839 Meadoews Drive
Indianapesis 46205
Tel: (317) 546-1891
TWX: 510-341-3263

SALES & SERVICE OFFICES

LOUISIANA

P.0. Bux 855

1947 Wiliiams Boulevard
Kenner 70062

Tet (504 $21-8201
TWX: $10.955-5524

MARYLAND

5707 Waitestone Road
Baltimere 21207

Tefy {3017 45400
TWX: TL0-BE2-2157

P.9. Box 1548

2 Choke Cherey Road
Rockville 20830
Teh {301) 948-6370
TWX: 730-BRB-5684

MASSACHUSETTS
32 Hartwelt Ave
Lexington (2173
Tel: {617) 861-B960
TWX: 710-326-6804

MICHIGAN

21840 West Nine Mile Road
Seuthtield 48075

Tele (313} 353.9100

TWX: §19-224.4882

MINNESOTA

2459 University Avenus
$t. Pand 55114

Tel: (612} 645-0461
TWX: 910-562-3734

MISSOUR]

11131 Galorade Ave.
Kansas City 64137
Tel: (816} 7638000
TWX: 910-771- 7087

2812 South Brentwood Blyd.
St. Logis 63144

Tels (314} 962-5600

TWX: 918-750-1670

NEW JERSEY

W. 123 Century Raad
Paramus 07652

Telr (201: 265-5000
TWY: 710-890-4851

1060 M. Kings Highway
Cherry HHI 0BO34

Tel: (500) BET-4000
TWR: 7I0-BS2-4845

NEW MEXICO

£.0, Box B3EE

Station €

6501 Lomas Bodlavard 8.E.
Albuguergue E7108

Tei: (506} 265-3713

T 910-829-1665

156 Wyatt Drive
$as Cruces 88041
Tel: (505} 526-2485
TWX: 910-%83-0550

NEW YORK

1707 Central Avenus
Albany 12205

Tel: (518) BOG-R462
TWX: 710-441-8270

1219 Campyilie Road
£ngicott 13760

Tel: (607) 754-0050
TwW¥: 510-252-08%0

82 Washington Strest
Paughkeepsie 12603
Fel- {9143 434-7330
TWX: 510-248.0012

3% Saginaw Drive
Rochester 14523
Tal: (716) 4739500
TWX: 510-258-5881

5858 East Motloy Road
Syracuse 13211

Teb {315) 454-2486
TWX: TI0-041-G482

1 Crogsways Park West
Woedhury 11797

TFel: {516) 9210300
TWH: 51g-225-0811

NGRTH CARQLINA
P.0. Box 518E

1823 Norih Main Streef
High Point 27262

Tel: (519) 8858101
TWX: 510-928-1518

OHIO

25575 Center Ridee Road
Cleveland 44145

Tel: {215} 835-038G

TWX: 810-427-9129

3460 South Dixie Drive
Daylon 45432

Ted: [513) 256-035F
TWX: 816-45%-1925

1120 Merse Road
Columbus 53229
Tel: (614} 840-1300

OKLAHOMA

2919 United Fuunders Soulevard
Gklahoma Sity 73312

Tel: (405) 848-2801

WX $10-83C-GBS2

OREGON

Westhills MaH, Suite 158
4475 S.W. Stholls Ferey Road
Fortlend 97225

Tek (303) 262.0171

WX 910-484-6107

PENNSYLVANIA
2500 Moss Side Boulevard
Monrgevilie 15146
Tel: (412} 271.0724
TWX: 710-797-3650

1021 8th Aveque

Hing of Prussia Industrial Park
King of Prussia 19406

Tel: (215} 265-7000

THX: 516-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (402} 434-5535
TWX 710-381-7573

TEXAS

P.0. Box 1279

201 £, Arapsho Rd,
Richardsos 75080
Tal: {214} 2316101
TWX: 930-867-4723

SALES AND SERVICE

P Aon 22813
B30 Westpark Drlve
Sujte 100

Hauston 77027
Tel: {7313) 7EL-£000
TWX: 810-881-2648

234 Billy Mitchel Read
San Antemia 78226
Teb: (512} 4344171
TWX: 910-871-1170

UTAH

2890 South Main Slreet
Salt Lake City 84115
Tel: (801) 487.0715
TWX: 810-975-8681

VERMONT

P.0. Box 2287

Kennedy Drive

Sputh Birlingfen 05401
Tel: (802} G58-2455
TWX: 5R0-280.0025

VIRGINIA

P.0. Box €514
2111 Spencer Road
Rickmand 23230
Tel: {703} 2883231
TWX: 710-956-0157

WASHINGTON
433-108th N.E.
Beilevie 93004

Teb (2067 454-8971
TWX: 210-643-2303
PWEST VIRGINIA
Sharleston

Tel: (304 768-1232

FOR U.S. AREAS NOT
LISTED:

Contact the regional offlce near-
est wour  Atlanta, Geosgia. ..
forth Hollywaod, Catifernia. ..
Paramus, New Jersey . . . Skoide,
iHinois, Their cemplets  age
dresses are ilsted above.

*Service Gnly

CANADA

ALBERTA

Hewtett-Fackard (Canada) 14,
11745 Jasper Ave,

Egmonton

Ted {403} 482-5581

TWX: 810-831-2431

BRITISH COLUMBIA
Hewiett-Packard [Canada; Lig,
4419 Canada Way

North Burnaby 2

Ted: (B04) 433-8213

TWX: 610-922-303%

MAMITORA

Hewtett-Packard (Ganada) Lid.
511 Bradford {t.

Winnipeg

Tel: {204) 786-758]1

TWX: 610-671-3531

NOVA SCOTIA
rewletl-Packard (Canada) Lid.
2745 Duich Viltage Rd.

Suffe 206

Halifax

Tel: {902} 455-0511

TWX: 610-271-4482

ONTARIO

Hewvilett-Packard {Canada} Lid.
880 lady Ellen Place

Ottawa 3

Tol: {613) 722-4223

TWX: 610-552-1952

Hewlett-Packard (Sanada) Lid.
50 Gataxy Blvd.

Rexdale

Tel: (416} 677-9611

TWX: §10492-4246

QUEBEC

Hewlett-Packard (Canada) Lid,
275 Hymus Boulevard

Pointe Ciaire

Tel {314} £697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CAMADIAN AREAS NOT
LISTED:

Contacl Hewlet-Packard {Can-
ada) Lid. in Pointz Claire, at

the complete address Hsted
abave.

CENTRAL AND SOUTH AMERICA
ARGENTINA Hewlett-Packard Do Brasil ECUADOR MEXiCC PERU URUGUAY
Hewlell-Peckard Argenting Indidsiriz & Comercla Etda, Laboratorios do Radio-ingeniesia  Hewletl-Packard Mexicanz, 5.A.  Compafiia Electro Medics 5.4 Fablo Ferrando S.A.
S.4.0.6.0 Praca Dom Feliciang 78 Calie Guayagull 1246 de GV, Ave. Entigue Taraual 312 Comercial @ Indusirial
Lavaile 317137 Salps BOS-B Post Office Box 31890 672 Adotfa Priete San Isidro Avenida Itaila 2877
Buengs Aires Porto Alegre RES Quita Cal. ded Valia Casilla 1030 Caslifa de Corres 370
Tel: 35-0436, 350627, 35-G831 Tei: 212-496; 219-185 Mexic 12, 0.F. Lima Mentevidea
Telox: 612-100% CHILE Cable; HORVATH Quito Tel: 543-4232; 523-1872 Teh 22-3660 Tel: 40-3102
Cable: HEWPACKERG Hécter Calcagnl y Cla, Lida, Ef. SALVADOR Tefex: 9017-74507 Cabie: ELMED Lima Cable: RADIUM Montevideo
BRAZIE, Bustos, 1932-3ec Fiso Electrénies NICARAGUA PLUERTO RICO VENEZUELA
Hewlett-Packard Do Brasil santiage Apartade Postal 1589 Roberto Terdn G. $an juan Etectronics, Inc. Hewlett-Packard De Venszusla
ted Uida, Tek 473 g5 Blvd. Verezuela 1231 Ap‘aAr_tado Pestal 689 P.O. Box 5167 CA
Ria Frei fanesa 1139 Ca‘u.\e-'"ALCAGN[ Santiags San Salvador ) Edificio Terdn Ponce de Lasn 154 hpartado 50633
San Pawio - 3, SF Y & Tel: 2{7527; 214805 Managua Pga. 3-PTA de Tierra Caratas
Tel 2887111, 287-5659 COLOMBEA Cable: ELECTRONIOA Tel: 3451, 3452 San 2uar 00905 Tel: 71.86.05, 71.88,69, 71.96.30
Cable: HEWPACK Sao Paule : San Salvador Cable: ROTERAN Managua Tel: (309) 725:3342, 722-3342 Cable: HEWPACK Caracas

istrumentacion Cable: SATRONICS San J Telex: 39321148
Hewlatt-Packers Do Brasil senrix A, Langehaek 4 Kier PANAMA Telet: SATAON 3450 352 e *
Praca Do Feticiang 78 tda, Eiectrénice Balboa, .. ’ FOR AREAS NOT LISTED
Saias 808/208 Carrera 7 Mo, 4859 P.0. Box 4829 SURINAME ’
Porlo Alagre Apartado hereo 6287 fue. Marue| Espingss No. 13-50  Surtel-Radio Hodlang N.V. CONTACT:
Rie Grande do Suf (R%4Brasii gogeta, 1 D.E. Bidg. Allnz P.5, Box 155 Hewlelt-Packard
Tei: 25-8470 Tel: 4E-78-06, 45-55-45 Panzmz City Paramariba ENTERCONTINENTAL
Caple: HEWPACK Porte Alegre  Cable: AARIS Bogote ek 230833 Tek 72118 3200 Hlilview Ave,

Hewieit-Packard Pe Brasil
Led. Lida

Rua da Matriz 2%

Bolafogo Z5-02

Rie de fapsire, GB

Tel: 236-4417

Cabte: HEWPACK Rin de Janeiro

Telex: 44400 INSTCO

COSTA RICA

Lic. Alfreds Gaftegos Gerdifn
Aparfado 10159

San José

Tel: 21-86-13

Gable: BALGUR Sgn José

Telex: 3481003, Curundy,
Canal Zone
Cable: ELEGTRON Panama &ity

Cable: Trevraiet Paramarize

Falo Aite, California 94304
Tel: (415) 483-1501

TWA 810-373-1257
Cabie: HEWPACK Palu Alio
Telex: 034-8461
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Model 6201B, Schematic Diagram



