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SECTION 1
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 iz a compact, well-regulated,
Constant Voltage/Constant Current gupply that will
furnish full rated output voltage at the maximum
rated output current or can be continuously adjusted
throughout the output range. The front panel CUR~
RENT controls can be used to establish the output
current limit (overload or short circuit) when the
supply is used as a constant voltage source and the
VOLTAGE controls can be used to establish the voli-
age limit {ceiling) when the supply is used as a
constant current source. The supply will automati-
cally crossover from constant voltage to consiant
current operation and vice versa if the cutput current
or voltage exceeds these preset limits.

1-3 The power supply has both front and rear ter-
minals. Either the positive or negative output ter—
minal may be grounded or the power supply can be
operated floating at up to a maximum of 300 Volts
off ground.

1-4 A single meter 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.

1-5 The programming terminals located at the rear
of the unit allow ease in adepting to the many oper-
ational capabilitieg 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 voltage source or resistance.

b. Remote Sensing. The degradation in regu-
lation which occurs &t the load because of the volt-
age drop in the load leads can be reduced by using
the power supply in the remote sensing mode of
operation.

c. Series and Ruto-Series Operation. Power
supplies may be used in series when a higher out—
put voltage is required in the constant voltage mode
of operation or when greater voltage compliance is
required in the constant current mode of operation.
Buto-Series operation permits ong knob control of
the total output voltage irom a "master" supply.

d. Parallel and Autc-Parallel Operation.
power supply may be operated in parallel with a
similar unit when greater output cumrent capability

The

is required. Autc-Parallel operation permits one
knob control of the total output current from a
"masier" supply.

e. Auto-Tracking. The power supply may be
used as a "master” supply, having contrel over one
{or more) "slave" supplies that furnish various volt-
ages for a sysiem.

1-8 SPECIFICATIONS

1-7 Detailed specifications for the power supply
are given in Table 1-1.

1-8 OFTION S

1-9 Options are factory modifications of a stand-

ard instrument that are requested by the customer.
The following cptions are available for the instru-
ment covered by this manual. Where necessary,
detailed coverage of the options is ingluded through-
out the manual.

Option No. Description

07 Voltage 10-Turn Potentiometer: A
single control that replaces both
coarse and fine voltage controls and
improves output settability (62814,
6284A, and 62894 only).

0g Current 10-Turn Pot: A single con=-
trol that replaces both coarse and fine
current controls and improves output
settability.

o[- Voltage and Current 10-Turn Pots:
Consists of Options 07 and 08 on the
same instrument. (6281A, 62844, and
GZ283%A only.}

11 Internal Overvoliage "Crowbar':
Protects delicate loads by monitering
the ouiput voltage and firing an SCR
that shorts the output when a preset
trip voltage is exceeded. The circuit
hoard is factory installed within the
supply and a Crowbar Adjust control
is mounted on the front panel.

Trip Voltage Range:

62814 62847 62894
2.5-10V 2.5-23V Z.5-44V
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Option No. Description

11 Trip Voltage Margin: The minimum
{Continued) crowbar trip setting above the de-
sired operating voltage to prevent

false crowbar tripping is 4% of the

output voltage setting plus 2 Volts.

Refer to Appendix A for complete
details.

13 Three Digit Graduated Decadial
Voltage Control: Control that re-
places voltage control permitiing
accurate resetiability.

14 Three Digit Graduated Decadial
Current Control: Control that re-
places coarse and fine current con-
trols permiiting accurate resettabil-
ity.

28 Rewire for 230Vac Input: Supply as
normally shipped is wired for 115Vac
input. Option 28 consists of recon-
necting the input transformer for 230
Vac operation.

1-10 ACCESSORIES

1-11 The accessories listed in the following chart
may be ordered with the power supply or separately
from your local Hewlett-Packard field sales office.
(Refer to 1list at rear of manual for addresses.)

@ Part No. Degcription
C05 g" Black Handle that can be attached
to side of supply.

145134 Rack Kit for mounting one 33 "-high

supply. (Referto SectionIlfor details 3

g Part No. Description
145234 Rack Kit for mounting two 33" -high

suppiies. (Refer to Section II for de-
tails.) .

1-12 INSTRUMENT IDENTIFICATION

1-13 Hewlett-Packard power supplies are identified
by a three—part serfal number tag. The first part is
the power supply model number. The second part is
the serial number prefix, which consists of a num-
ber-letter combination that denotes the daie of a
significant design change. The number designates
the year, and the letter A through L designates the
month, January through December respectively. The
third part is the power supply serial number.

1-14 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, backdating in-
formation is given in an appendix st the rear of the
manual. '

1-15 ORDERING ADDITIONAL MANUALS

1-16 One menual 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 ¢ part
numker provided on the title page.



Table 1-1.

Specifications

INPUT:
105-125/210-250VAC, single phase,
50-400 Hz.

OQUTPUT:
0-40 volts @ 1.5 amps.

LOAD REGULATION:
Constant Voliage--Less than 0.01% plus 2mv

for a full load to no load change in ouiput current.

Constant Current--Less than 0.01% plus 250pa
for a zero to maximum change in output voliage.

LINE REGULATION:
Constant Voltage—-Less than 0.01%. plus 2 mv
for any line voltage change within the inpul rating.
Constant Current--Less than 0.01% plus 250ua
for any line voltage change withinthe input rating.

RIPPLE AND NOISE:
Constant Voltage—-Less than 200pvrms.
Constant Current--Less than 500pa rms.

TEMPERATURE RANGES:
Operating: 0 to 50°C. Storage: -20 to +85°C.

TEMPERATURE COEFFICIENT:

Constant Voltage--Less than 0.02% plus 500uw
per degree Centigrade.

Constant Current--Less than 0.02% plus 0.8ma
per degree Centigrade.

STABILITY:

Constant Voltage—-Lesg than 0.10% plus 2.5mv
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 4ma
total drift for 8 hours after an initial warm-up
time of 30 minules at constant ambient, constant
line voltage, and constant load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE:
Less than 0.001 ohm from DC to 100Hz.
Less than 0.01 chm from 100H=z to 1KHz. .
Tess than 0.2 ohm from 1KHz to 100KHz.
Less than 2.0 ohms from 100KHz to 1MHz.

TRANSIENT RECOVERY TIME:

Less than 50psec for output recovery to with-
in 15mv following a full load current change in
the output.

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 voit-
age circuit limits the output voltagein the constant
current mode of operation.

METER:

i The front panel meter can be used as either a
0-50 or 0~5 volt voltmeter or as a 0-1.8 amp or
0-0.18 amp ammeter.

CUTPUT CONTROLS:

Coarse and fine voltage controls and coarse and
fine current contrcls set desired output veltage or
current.

CUTPUT TERMINALS:

Three " five-way" output posits are provided on
the front panel and an output terminal sirip is lo-
cated on the rear of the chassis. All power supply
output terminals are isclated from the chas sis and
either the positive or negative terminal may be con-
nectad to the chassis through a separate groungd
tarminal 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. Alse, provision is included on
the rear terminal strip for remote sensing.

REMOTE PROGRAMMING:

Remote pregramming of the supply output af
approximately 200 ohms per veolt in constant volt-
age iz made available at therear terminals. In con-
stant current mode of operation, the current can be
remotely programmed at approximately 500 chms
per ampers.

COOLING:
Convection cooling is employed. The sup-
ply has no moving parts.

SIZE:

34" Hx 141" D x 83" W. Two of the units can
be mounted side by side in z standard 19" relay
rack.

WEIGHT:
14 1bs. net, 19 1bs. shipping.

FINISH:
Light gray front panel with dark gray case.

POWER CORD:
A three-wire, five-foot power cord is provided
with each unit.




BECTION I1I
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was inspect-
ad and found to be free of mechanical and electrical
defects. As soon as the ingtrument is unpacked, in-
spect for any damage that may have ocourred in
transit. Save all packing materials until the inspec-
tion is completed. If damage is found, proceed as
described in the Claim for Damage in Shipment sec-
tion of the warranty page at the rear of this manual.

2-3 MECHANICAL CHECK

2-4 This check should confirm that there are no
broken knobs or connectors, that the cabinet and
panel surfaces are free of dents and scratches, and
that the mefer is not scratched or cracked.

2-5 ELECTRICAL CHECK

2-6 The instrument should be checked against its
electrical specifications. Section V includes an

"in-cahinet" performance check to verify proper in-
strument operation.

2-7 INSTALLATION DATA

9-8 The instrument is shipped ready for bench
operation. It is necessary only to connect the in-
strument to a source of power and it is ready for
operation.

2-9 LOCATION

2-10 This instrument is air cooled. Sufficient
space should be allotted so that a free flow of cool-
ing air can reach the sides and reer of the instru-
ment when it is in operation. It should be used in
an area where the ambient temperature does not ex-
ceed 50°C.

2-11 RACK MCUNTING

2-12 This instrument may bhe rack mounted in a
standard 19" rack panel either zlongside a similar

T Lo i o

® 1 ® —-y———
o)

arr - SHD —

B8 56 909 -

RACK EAR
HAAR(ION oC FOWER SUPFLY
NEWLETT . merhan
] & ®| --—jo =
O
L e G
VO fay OO
o| o PO® o «ollg

1 - S,
COMBINING
STRIP

Figure 2~1. Rack Mounting, Two Units
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unit or by itself. Figures 2-1 and 2-2 show how
both types of installations are accomplished.

2-13 To mount two units side-by-side, proceed as
follows: '

a. Remove the four screws from the front
panels of both units.

b. Slide rack mounting ears between the
front panel and case of each unit.

¢, Slide combining strip between the front
panels and cases of the two units.

d. After fastening rear portions of units to-
gether using the bolt, nut, and spacer, replace
panel screws.

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

a. BRolt rack mounting ears, combining straps,
and angle brackets to each side of center spacing
panels. Angle brackets are placed behind combin-
ing straps as shown in Figure 2-2,

b. Remove four screws from front panel of
unit.

¢.. Blide combining strips between front pan-
el 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 115V or 230V, 46-440Hz power source.
The unit, as shipped from the factory, is wired for
115V operation. The input power required when op-
erated from a 115V 60Hz power source at full load
is: 6281A,6289A, 62942 62844

11BW, 1.5A 135w, 1.54

2-2

Rack Meunting, One Unit

Ay

TRANSTORMER PRIMARY
GONNECTED FOR
230 VOLTS OFERATICN

TRANSFORMER PRIMARY
CONNECTED FOR
115 VOLT OFERATION

WOTE: CONNECTIONS BETWEEN
50 & 51, 54 & 55, ARE MADE WITH
CSOPFER ON THE PRINTED CIRCUIT
BOARD. THESE CONNECTIONS
MUST BE REMOVED FOR 230V
OFERATION. THE CONNECTICNS
ON THE PRINTED CIRCUIT BOARD
MUST BE BROKEN AND A SEPARATE
EXTERNAL CONNECTION MADE
BETWEEN FOINTS 50 & 55.

Figure 2-3. Primary Connections

2-17 CONNECTICNS FOR 230VOLT QOPERATION
(See Figure 2-3)

2-18 Normally, the two primary windings of the in-
put transformer are connected in parallel for opera~
tion from 115 Volt source. To convert the power sup-
ply to operation from a 230 Volt source, the power
transformer windings are connected in series as fol-
lows:




s. 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 circuit board.

c. Add strap between 50 and 55.

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

2-19 POWER GABLE

2-20) To protect operating personnel, the Naticnal
Electrical Manufacturers' Association (NEMA) recom-
mends that the instrument 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 recepiacle, the instrument is
grounded. The offset pin on the power cable three—

prong connector is the ground connection.

5-21 To preserve the protection feature 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.

2-22 REPACKAGING FOR SHIPMENT

2-93 To ingure safe shipment of the instrument, it
is recommended that the pacdkage designed for the
instrument be used, The originsl packaging material
is reusable. If it iz not available, contact your lo-
cal Hewlett-Packard field cffice to obtain the mate=
riale. This office will also furnish the address of
the nearest service office to which the instrument
can be shipped. Be sure to atta ch a tag to the in-
strument which specifies the cwner, model number,
full serial number, snd service required, or a brief
description of the trouble.
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SECTION 111
OPERATING INSTRUCTIONS

OPERATING CONTROLS AND INDICATORS

The front panel controls and indicators. to-

gether with the normal turn-on sedquence, are
shown in Figure 3-1.
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1, PUSH ON/OFF BUTTON AND RUTTON SHOULD LiGHT.
3. SET METER SWITGCH TO DESIRED YOLTAGE RANGE,

3, ADJUST YOLTAGE CONTROL UNTIL DESIRED OUTPUT VOLTAGE
IS INDICATED ON METER,

4, SET METER SWITCE DESIRED CURRENT RANGE AND SHCRT CIR-
CUIT OUTFUT TERMINALS.

5. ARJUST GURRENT CONTRCLS FOR DESIRED OUTPUT CURRENT.

5, REMOVE SHORT AND CONNECT LOAD TC OUTFUT TERMINALS(FRONT
OR REAR).

Tigure 3-1, Front Panel Controls and Indicators

3-3 OPERATING MODES

3-4 The powsr supply is designed so that its mode
of operation can be selected by making strapping
connections between particular terminals on the
terminal strip at the rear of the power supply. The
terminal designations are stenciled in white on the
power supply above their respective terminals, Al-
though the sirapping patterns illustrated in this
section show the positive terminal grounded, the
operator can ground either terminal or operate the
power supply up to 300Vdc off ground {floating).
The following paragraphs describe the procedures
for utilizing the various operational capabilities of
the power supply. A more theoretical description
concerning the operational features of this supply
is contained in Application Note 90, DC Power Sup-
oly Bandbook.which may be obtained frfom your
local Hewlett—Packard fleld sales office.

3-5 NCRMAL OPERATING MODE

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

| A2 A3 A4 AS AG A7 A8 A9 -5 — GND + +8§ AlD

elelalglelalglplelglelelelple]

g

Ry

MCONITORING
POINTS

Figure 3-2. Normszl Strapping Pattern

3-7 CONSTANT VOLTAGE

3-8 To select a constant voliage cutput, proceed
as follows:

a. Turn-on power supply and adjust VOLTAGE
controls for desired output voltage (output ferminals
open).

b. Short output terminals and adjust CUR-
RENT controls for maximum output current allowable
{current limit), as determined by load conditions.
1f a load change causes the cwrrent limit to be ex-
ceeded, the power supply will automaiically cross-—
over to constant current -output at the preset current
limit and the output voltage will drop proportionate-
ly. In setiing the cwrent limit, allowance must be
made for high peak current which can cause un-
wanted cross—cver. (Refer to Paragraph 3-486.)

3-9 CONSTANT CURRENT

3-10 To select a constant current cutput, proceed
as follows:

a. Short output terminals and adjust CUR-
RENT controls for desired output current.

h. Open output terminals and adjust VOLTAGE
controls for maximum output voltage allowable (volt-
age limit), as determined by load conditions. If a
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ioad change causes the voltage limit tobe exceeded,
the power supply will automatically crossover to’
constant voltage output at the preset voltage limit
and the output current will drop proportionately. In
seiting the voltage limit, allowance must be made
for high peak voltages which can cause unwanted
crossover. (Refer to Paragraph 3-46.)

3-11 CONNECTING LOAD

3-12 EBach load should be connected Lo the power
supply ouiput terminals using separate pairs of con-
necting wires, This will minimize mutual coupling
affecis between loads and willretain full advantage
of the low output impedance of the power supply.
Each pair of connecting wires should be as shortas
possible and fwisted or shielded to reduce noise
pickup. (f shield is used, connect one end 1o
power supply ground terminal and leave the other
end unconnected. )

3-13 If load considerations require that the output
power distribution terminals be remotely located
from the power supply, then the power supply out-
put terminals should be connected to the remoie
distribution terminals via a pair of twisted or
shielded wires and eachload separately connected
to the remote distribuiion terminals. For this case,
remote sensing should be used (Paragraph 3-20).

3-14 OQPERATION OF SUPPLY BEYONDRATED OUTPUT

3-15 The shaded area on the front panel meter face
indicates the amount of output voltage or current
that is available in excess of the normzl rated out-
put. Alihoughthe supply can be operated in this
shaded region without being damaged, it cannot be
guaranteed to meet all of its performance specif-
ications. However, if the line voltage is main-
tained above 115 Vac, the supply will probably op-
erate within its specifications.

3-16 OPTIONAL OPERATING MODES

3-17 REMOTE PROGRAMMING, C ONSTANT VOLTAGE

3-18 The constantvoltage outputof the power sup-
ply can be programmed (controlled) from a remote
location if required, Either a resistance or voltage
source can he used for the programming device,
The wires conneciin the programming terminals of
the supply o the remote programming device' should
he twisted or shielded to reduce noise pick-up.
The VOLTAGE controls on the front panel are dis-
abled according to the following procedures,

3-19 Resistance Programming (Fiqure 3-3). In this
mode, the output voltage will vary at a rate deter-
mined by the programming coefficient (200 ohms per
Volt for Models 6253A, 62554, G281A, 62844, and
52894 or 300 ohms per Volt for Models 628434 and

3-2

§299A). The output voltage will increase 1 Volt for
each 200 ohms {or 300 ohms) added in series with
the programming terminais. The programming coeffi-
cient is determined by the programming curent. This
current is factory adjusted to within 2% of S5ma for
Models 62534, 6255A, 6281A, 62844, and 62894 or
29% of 3.3mA for Models 6294A and 6299A. If greater
programming accuracy isrequired, tmaybe achieved
by changing resistor R13.

Al AZ A3 A4 A5 AG AT AB 49 -5 — GND + 15 AIC

[elelelziplelelelelglpIgI2IRlp

L) L

PROGRAMM NG Ry
RESISTOR

Figure 3-3. Remote Resistance Programming
(Constant Voltage)

3-20 The output voltage of the power supply should
be zero Volts £20 millivelts when zero ohms is con-
nected across the programming terminals. If a zero
ohm voltage closer than this is required, it may be

achieved by changing resistor R6 or RB as described
in Paragraph 5-59.

3-921 To maintain the stability and temperature co-
efficient of the power supply, use programming
resistors that have stable, low noise, and low
temperature (less than 30 ppm per degres Centi-
grade) characteristics. A switch can be used in
conjunction with various resisiance values in order
to obiain discrete outputvoliages, The swiich
should have make-before-break contacts to avoid
momentarily opening the programming terminals
during the switching interval.

3-22 Voltage Programming (Figure 3-4), Employ
the strapping pattern shown on Figure 3-4 for

Al AZ A3 A4 A5 AB AT AB A3 -5 - GND + +5 410
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Figure 3-4, Remote Voltags Programming
{Constant Voltage)



voltage programming. In this mode, the output volt-
age 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 25ma.

3-23 The impedance matching resistor {(Ry) for the
programming voltage source should be approximately
500 ohms to maintain the temperature and stability
specifications of the power supply.

3-24 REMOTE PROGRAMMING, CONSTANT
CURRENT

3-25 Tither a resistance or a voltage source can be
used to control the constant current output of the
supply. The CURRENT controls on the front pa nel
are disabled according to the following procedures.

3.25 Resistance Programming (Figure 3-5). In this
mode, the output current varies at a rate determined
by the programming coefficient — 200 ohms per Amp
for Model 6281A, 500 ohms per Ampere for Medels
62537, 62554, 62844, and 6289A, and 1000 ohms per
Ampere for Models 62943 and 6299A. The program-
ming coefficient is determined by the Constant Cur-
rent programming current (Zmd for Models 62534,
6255A, 6284A, snd 62894, 5mA for Model 82813 1mh
for Model 62944 and 1.33mA for Model B2984). This
current is adjusted to within 10% at the factory. If
greater programming accuracy is required, it may be
achieved by changing resistor R19 as outlined in
Section V.

£3 A4 AS AB A7 AB AB -5 — GND + +5 AIO
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Figure 3-5. Remote Resistance Programming
(Constant Current)

3-27 Use stable, low noise, low temperature coef-
ficient (less than 30ppm/CC) programming resistors
to maintain the power supply temperature coefficient
and stability specifications. A switch may be used
to set discrete values of output current. A make-
hefore-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 AS)
should open at any time during this
mode, the output current will rise to a
value that may damage the power sup-
ply and/or the icad. To avoid this
possibility, connect & registor across
the programming terminals having the
value listed below. Like the program-
ming resistor, this resistor should be
of the low noise, low temperature coef-
ficient type.

Model EZ253A,6284A B5255A,6289A,6299A

Resistance 1. 58n 750n
Model GZ81A,6294A
Resistance 1K~

3-28 Voltage Programming (Figure 3-G). In this
mode, the output current will vary linearly with
changes in the programming voltage. The program-
ming voltage should not exceed 1,2 Volts, Voltage in
excess of 1.2 Volts will result in excessive power
dissipaticn in the ingtrument and possible damage.

Al AZ A3 A4 AS AB A7 AB A9 -5 — GND + +5 AlO
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Figure 3-6. Remote Voltage Programming
{Constant Current)

3-23 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 matching resistor (Ry)
should be approximately 500 ohms if the temperature
coefficient and stability specifications of the power
supply are to be maintained.

3-30 REMOTE SENSING (See Figure 3-7)

3-31 Remecte sensing is used to maintain good regu-
lation at the load and reduce the degradation of reg-
ulation which would occur due to the 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 he turned off before changing strap-



ping patterns. The leads from the +S terminals to
the 1oad will carry less than 10mA 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.

CAUTION

Observe polarity when connecting the
sensing leads to the load.

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

Al A2 A3 A4 A5 MG A7 AB AS -5 -~ GND + +35 Al0
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Figure 3-7. Remote Sensing

3.32 Note that it is desirable to minimize the drop
in the load leads and it is recommended that the
drop not exceed 1 Volt per lead if the power supply
is to meet its dc specifications. If a larger drop
must be tolerated, please consult a Hewlett-Packard
field representative. ‘

NOTE

Due o the voltage drop in the load
leads, it may be necessary 1o readjust
the current limit in the remote sensing
mode.

3-33 The procedure just described will result in a
low dc output impedance at the lpad. If a low ac
impedance is required, it is recommended that the
following precautions be taken:

a. Disconnect output capacitor C20 by dis-
connecting the strap betwesn A9 and -8S.

b. Connect a capaciior having similar char-
acteristics (approximately same capacitance, same
voltage rating or greater and having good high fre-
guency characteristics) across the load using short
leads.

3-34 Although the strapping patterns shown in Fig-
ures 3-3 through 3-6 employ local sensing, note
+hat it is possible io operate a power supply simul-
taneously in the remote sensing and Constant Volt-
age/Constant Current remote programming modes.

3-35 SERIES OPERATION

3.6 Normal Series Connections (Figure 3-8). Two

3-4

Al A2 A3 A4 AB A6 A7 AB AS -§ — GND ¥ +5 AlC
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Al A2 A3 A4 AS AB AT A8 A3 -§ — GND + +5 AID

Figure 3-8. Normal Series Connections

3-37 Auto-Series Connsecticns (Figure 3-9). The
Auto-Series configuration is used when it is desir-
able to have the output voltage 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 conirelled units are called slaves.
At maximum output voltage. the veltage of the
slaves is determined by the setting of the front
panel VOLTAGE contrel on the master. The master
supply must be the most positive supply of the
sories. The output CURRENT controls of all series
units are operative and the current limit is equal to
the lowest control setfing. If any output CURRENT
controls are set too low, automatic crogsover to
constant current operation will occour and the out-
put veitage will drop. Remote sens ing and pro-
gramming can be used; however, the strapping ar-
rangements shown in the applicable figures show
local sensing and programming.

3-38 In order to maintain the temperature coeffic-
jent and stability specifications of the power supply,
the axternal resistors (Rx) shown in Pigure 3-9
should be stable, low noise, low temperature co-
efficient {less than 30 ppm per degree Centigrade)
recistors. The value of each resistor is dependant
on the maximum voltage rating of the "master" sup-
ply. The value of Rx is this voltage divided by the
voltage programming current of the slave Supply
(1/KP where Kp is the voltage programming coef-
ficient). The voltage contribution of the slave is
determined by its voltage control setting.
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Pigure 3-89.

3-39 PARALLEL OPERATION

3-40 Normal Parallel Connections (Figure 3-10).
Two or more power supplies can be connected in
parallel to obtain a total output current greater then
that available from one power supply. The total
output current is the sum of the output currents of
the individual power supplies. The output CURRENT
controls of each power supply can be separately
set. The output voltage controls of one power sup-—

ply should be set to the desired output voltage;

the other power supply should be set for @ slightly
larger output voltage. The supply set to the lower
cutput voltage will act as a constant voltage
source; the supply set to the higher output will act
as a constant current scurce, dropping its output

3-5

Al A2 A3 A4 A5 AB A7 AB A8 -5 — GND + +5 AlD
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Figure 3-10, Normal Parallel Connections

volizge until it equals that of the other supply. The
constant voltage source will deliver only that frac~

tion of its total rated output current which is neces-
sary to fulfill the total current demand.
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Tigure 3~11. Auto-Parallel, Two and Three Units

3-41 Auto-Parallel. The strapping patterns for
Buto-Parallel operation of two power supplies are
shown in Figure 3-11. Auto-Parallel operation
permits equal current sharing under all load con-




ditions, and allows complete control of output cur-
rent from one master power supply. The output cur-
rent of each slave will be spproximatiely equal to
the master's regardless of the load conditions.
Because the cutput current controls 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 output
current setting exceeded the slave's.
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Figure 3-12. Auto-Tra cking, Two and Three Units

3-42 AUTO-TRACKING OPERATION (See Figure 3-12)

1-43 The Auto-Tracking configuration is used when
it iz necessary that seversl different voltages re-
ferred to a common bus, vary in proportion to the
setting of a particular instrument {the control or

master). A fraction of the masier's output voltage
is fed to the compariscn amplifier of the slave sup-
ply, thus corntrolling the slave's output. The master
must have the largest output voltage ol any power
supply in the group (must be the most positive sup-
ply in the example shown on Figure 3-12).

3-44 The output voltage of the slave is & 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 contrel of the slave supply,
Rp where: Eg= EpMRp/Rx+Rp. Turn-on and turn-off
of the power supplies is conirolled 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 to
maintain the temperature coefficient and stability
gpecifications of the power supply, the external re-
sistors should be stable, low noise, low temperature
(less than 30ppm per OC) resistors.

3-45 SPECIAL OPERATING CONSIDERATIONS
3-45 PULSE LOADING '

3-47 The power supply will automatically cross-
over from constant voltage to constant current oper-
ation, or the reverse, in response to an increase
(over the preseti limit) in the putput current or volt-
age, 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 1imit and cause
crossover to occur. If this crossover limiting is not
desired, set the preset limit for the peak require-
ment and not the average. '

3-48 QUTPUT CAPACITANCE

3-49 An internal capacitor connecied across the
output terminals of the power supply, helps to sup-
ply high-current pulses of short duration during
constant voltage operation. Any capacitance added
externally will improve the pulse current capability,
but will decrease the safety provided by the con-
stant current circuit. A high-current pulse may dam-
age load components before the average output cur-
rent is large enough to cause the constant current
circuit to operate.

3.50 The effects of the output capaciter during
constant current operation are as follows:

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

1. The recovery time of the output voltage is
longer for load resistance changes.

©. A large surge current causing a high pow-
er dissipation in the load occurs when the load re-
gistance is reduced rapidly.




3-5] REVERSE VOLTAGE LOADING

3-52 A diode is connected across the cutput termi-
nals. Under normal operating conditions, the diode
is reverse biased (anode connected to negative ter—
minal). If a reverse voltage is applied to the output
terminals (positive voltage applied to negative ter—
minal), the diode will conduct, shunting current
across the output terminals and limiting the voliage
o the forward voltage drop of the diode. This diode
protects the series transistors and the output elec-
trolytic capacitor.

3-53 REVERSE CURRENT LOADING

3-54 Active loads connected to the power supply
may actually deliver a reverse currernt to the power
supply during & portion of its operating cycle. An
external source cannot be allowed to pump current
intoc 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 8 dummy load resistor so that the power
supply delivers current through the entire operating
cycle of the load device.
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Figure 4-1.

4-1 OVERALL BLOCY DIAGRAM DISCUSSION

4-2 The power supply, as shown on the overall
block diagram on Figure 4~1, consists of a power
transformer, a rectifier and filter, a series regu-
iator, the mixer and error amplifiers, an "OR"
gate, a constant voltage input circuit, a constant
current input circuit, a reference regulator circuit,
a bias supply, and a metering circuit.

4-3 The input line voltage passes through the
power transformer to the rectifler and filter.

The rectifier-filter converts the AC input to raw
DC which is fed to the positive terminal via the
regulator and current sampling resistor network.
The regulator, part of the feedback loop, is made
to alter its conduction to maintain a constant out-
put voltage or current. The volitage developed

Owverall Block Diagram

across the current sampling resistor network isthe
input to the constant current input circuit, The
constant voltage inpui circuit obtains its input by
sampling the output voltage of the supply.

4-4  Any changes in output voltage/current are
detected in the constant voltage/constant current
input circuit, amplified by the mixer and error am-
plifiers, and applied to the series regulator in the
correct phase and amplitude to counteract the
change in output voltage/outputcurrent. The refer-
ence circuit provides siable reference voltages
which are used by the constant voltage/current in~
put circuits for comparison purposes. The bias
supply furnishes voltages which are used through-
out the instrument for biasing purposes. The meter.
gircuit provides an indication of output voltage or
current for both operating modes.
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Figure 4-2. Simplified Schematic

4-5 SIMPLIFIED SCHEMATIC terminals of the power supply, is a protective de-
vice which prevents internal damage that might
4-6 1A simplified schematic of the power supply occur if a reverse veltage were applied across the

is shown in Figure 4-2.
controls; the ON-off switch, the voltage and cur-
rent programming controls R10 and R186,

It shows the operating

Figure

output terminals,

Qutput 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.
Inder these conditions, capacitor Cl9 serves to
insure loop stability.

4-2 also shows the internal sources of bias and
reference voltages and their nominal magnitudes
with an input of 115 VAC,

4-7 Diode CR34, connected across the output



4-8 DETAILED CIRCUIT ANALYSIS (Refer to over—
all schematic diagram at rear of manual)

4-9 FEEDBACK LOOP

4-10 The feedback loop funciions continuously to
keep the output voltage constant, during constant
voltage operaiion, and the output current constant,
during constant current operation, For purposes of
this discussion, assume that the unit is in con-
stant voltage operation and that the programming
rasicstors R10 A and B have been adjusted so that
the supply is yielding the desired cutput voltage.
Turther assume that the output voltage instanta-
neously rises (goes positive) due to a variation in
the external load circuit.

4-11 Note that the changs may be in the form of a
slow rise in the output voliage or @ positive going
AC signal. An AC signal is coupled to summing
point A6 through capacitor C1 and a DC voltags is
coupled to &6 through R10.

4-12 The rise in output voltage causes the voltage
at A6 and thus the base of Q1A to decrease (go
negative). QLA now decreases its conduction and
its collector voltage rises. The positive going er-
ror voltage is amplified and inverted by 03 and fed
to the bases of series transistors Q6 and Q7 via
emitter followers Q5 and Q4. The negative going
input causes Q6 and Q7 to decrease their conduc-
tion so that they drop mere of the line voltage, and
raduce the output voltage to its original level,

4-13 If the external load resistance is decreased
to a certain crossover point, the output current in-
creases until transistor Q22 begins to conduct,
During this time, the output voltage has also de-
creased to a level so that the base of QlA is ata
high positive potential. ‘With Q1A in full conduc-
tion, its collector voltage decreases by the amount
necessary to back bias OR gate diode CR3 and the
supply is now in the constant current mode of op-
eration, The crossover point at which constant
current operation commences is determined by the
setting of CURRENT control R16. The operaticn of
the feedback loop during the constant current op-
erating mode is similar to that occuring during
constant voltage operation except that the input to
the differeatial amplifier comparison circuit is ob-
tained from the current sampling resistor network.

4-14 SERIES REGULATOR

4-15 The series regulator consists of fransistor
stages Q6 and Q7 (see schematic atrear of manual).
Transistor Q6 is the series element. Or pass transis-
tor, which controls the output, Transistor Q7, to-
gether with shuni resistors R81, RrR82, and RB3, are
connected in a manner which minimizes the power

dissipated in series transistor 6. The bias voltage
for Q7 is developed across zener dionde VR5. The
The conduction of Q7 will decrease as the collector—
to—emitter voltage of Q6 approaches the voltage
developed across the biasing diodes. At low out-
put voltages Q7 is completely cutoif and all of the
load current flows through the shunt resistors. The
yoltage that is dropped across Q7 and the shunt
resistors reduces the voltage dropped across QB,
thus diminishing its power dissipation. The reli-
ability of the regulator is further increased by
mounting the shunt resistors outside the rear of

the cabinet so that the iniernal components are
operated under lower temperature conditions,

Diode CR11, connected across Q6, pretects itfrom
reverse voltages that could develop across it dur-
ing parallel or auto-parallel operation if one sup-
ply is turned on before the other. Diodes CR18
and CR19 perform a similar function for Q7.

4-16 CONSTANT VOLTAGE INPUT CIRCUIT

4-17 The circuit consists of programming resistor
R10A and B, and a differential amplifier stage Q1
and associated components}, Transistor Q1 con-
sists of two transistors housed in a single package.
The transistors have matched characteristics min-
imizing differential voltages due to mismatched
stages. Moreover, drift due to thermal differen-
tials is minimized, since both transistors operate
ai essentially the same temperature.

4-18 The constant voltage input circuit continu-
ously 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
ertor cutput is fed back to the series regulator,
through an OR gate andthe mixer/error amplifiers,
The error voltage changes the conduction of the
series regulator which, in turn, alters the output
voltage so thatthe difference between the two in-
put voltages appliedtothe differential amplifier is
reduced to zero., The above action maintains the
output voltage constant,

4-19 Stage Q1B of the differential amplifier is
connected to a commen (+8) potential through im-
pedance equalizing resisior R5. Resistors R6& and
RE are used to zero bias the input stage, offsetting
minor base-to—emitter voltage differences in Ql.
The base of QlAis connectedto a summing point at
the junction of the programming resistor and the
current pullout resistor, R12. Instantansous
changes in output voltage result in an increase or
decrease in the summing point potential. Q1A is
then made to conduct more or less, in accordance
with the summing point voltage change. The re-
sultant output error voltage is fed back to the
series regulator via OR-gate diode CR3 and the

?



remaining components of the feedback loop, Re-
sistor R1, in series with the base of QlA, limits
+he curreni through the programming re sistor during
rapid voltage turn—down. Diocdes CR1 and CR2
form a limifing network which prevent excessive
voltage excursions from over driving stage QlA. -
Capacitors C1 and C2, shunting the programming
resistors, increase the high frequency gain of the
input amplifier, Resistor R13, shunting pullout
resistor R12, serves as a trimming adjustment for
the programming current,

4-20 CONSTANT CURRENT INPUT CIRCUIT

4-21 This circuit is similar in appearance and op=
aration to the constant voltage input circuit, It
consists bagically of the current programming re-
sistors R1GA and B, and a differential amplifier
stage (Q2 and associated compenents), Like
sransistor Q1 in the voltage input circuit, Q2 con-
sists of two transistors, having matched charac-
teristics, that are housed in a single package.

4-22 The constant current input circuit continu-
ously compares a fixed reference voliage with the
voltage drop acress the current sampling resistors
R54 and R55. If a difference exists, the differen-
+ial amplifier produces an error voltage which is
proportional to this difference. The remaining
components in the feedback loop (amplifiers and
series regulator) function to maintain the drop
across the current sampling resistors, and conse-—
quently the output curreni, at a constant value.

4-23 Stage QZB is connected to a common (+8) po-
tential through impedance equalizing resistor R26.
Resisiors R25 and R2B are used to zero bias the in-
put stage, offsetting minor base -to-emitter voliage
differences in Q2. Instantaneous changes in out-
put current on the positive line are felt at the cur-
rent summing point and, hence, the base of Q2A,
Stage Q2A varies its ccnduction in acgordance
with the polarity of the change at the summing
point. The change in (2A's conduction also varies

“the conduction of Q2B due to the coupling effects

of the common emitier resistor, R22. The error
voliage is taken from the collector of Q2B and fed
back to the series regulator through OR-gate diode
CR4 and the remaining components of the feedback
loop. The error voltage then varies the conduction
of the regulater so that the output curreni is main—
tained at the proper level.

4-24 Resistor R20, in conjunction with R21 and C3
helps stabilize the feedback loop. Dicde CRS lim-
its voltage excursions on the base of Q2A, Resis-
tor R19, shuntingthe pullout resistor, serves as a
trimming adjustment for the programming current
flowing through R16.

4-25 VOLTAGE CLAMP CIRCUIT

4-26 During consiant current operation the con-
stant voltage programming resistors are a shunt
load across the outputterminals of the power sup-
ply. If the output voltage changed, the current
through these resistors would tend to change re-
sulting in an output current change. The clamp
circuit ig a return path for the voltage programming
current, the current thatnormally flows through the
programming resistors, The circuit maintains the
current into the constant voltage summing point
(AG) constant, thus eliminating the error due to
shunting effects of the constant voltage program-—
ming resistors.

4-27 The voltage divider, R51, R52, and VR3,
back biases CRR0 and Q10 during constant voltage
oparation., When the power supply goes into con-
stant current operation, CR30 becomes forward
biased by the collector voltage of QlA. This re-
sults in conducticn of Q10 andthe clamping of the
summing point at a potential only slightly more
negative than the normal constant voltage potential,
Clamping this voltage at approximately the same
potential that exisis in constant voltage operation,
results in a constant voltage across, and conse—
guently a constant current through the pullout re-
sistor {R12). .

4-28 MI{ER AND ERROR AMPLIFIERS

4-29 The mixer and error amplifiers amplify the
error signal from the ccnstant voltage or constant
current input circuit to a level sufficient to drive
the series regulator transisiors. The emitter bias
potential for mixer amplifier Q3 is established by
the emitter followar, Transistor Q3 receives the
error voltage input from either the constant voliage
or constant current circuit via the OR-gate diode
{CR3 or CR4) that is conducting at that time.
Diode GR3 is forward biased, and CR4 reversed
biased, during constant voliage operation. The
reverse is true during consiant current operation.

4-30 The RC network, composed of CS and R30, is
an equalizing netwerk which provides for high fre-
quency roll off inthe lcop gain response in order to
stabilize the feedback loop. Emitter follower tran-
sistors Q4 and Q5 are the error amplifiers serving
as the driver and predriver elements, respectively,
for the series regulator, Transistor Q4. together
with dicde CR17, providss a low resistance dis-
charge path for the output capacitance of the power
supply during rapid down programming.

4-31 REFERENCE CIRCUIT

"~ 4-32 The reference circuit is a feedback power

4-4



supply similar to the main supply. It provides
stable reference voltages which are used through-
out the unit, The reference voltages are all de-
rived from smoothed DC obtained from the full
wave rectifier {CR22 and CR23} andfilter capacitor
C10. The +6.2 and -6.2 voltages, which are used
in the constant voliage and current input circuits
for comparlson purposes, are developed across
temperature compensaied Zener diodes VR1 and
YR2. Resistor R43 limits the gurrent through the
Zener diocdes 10, establish an optimum bias level,

4-33 The requlating circuit congists of series reg-
ulating transistor Q9 and error amplifier Q8. Oul-
put 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 hase of series transistor Q9. The
series element then alters its conduction in the
direction and by the amount necessary to maintain
the voltage across VR and VR2 constant, Resistor
R46, ihe emitter resistor for Q8, is connected in a
manner which minimizes changes in the reference
voltage caused by variations in the input line.
Outpui capacitor 9 stabilizes the regulater loop.

4-34 METER CIRCUIT

4-35 The meter circuit provides continuous indica-
tions of ouiput 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 the METER switch 89 on the front panel of the
supply. This switch aiso selects one of two meter
ranges on each scale. The meier circuit consists
basically of & selection circuit (switch 32 and asso~
ciated voltage dividers), stable differential amplifier
stages (Q11, Q12, and Q14), and the meter move-
ment.

4-36 The selection circuit determines which volt-
age divider is connected to the differential ampli-
fier input. ‘When the METER section of 82 is in
one of the voltage positions, the voltage across
divider R59, R60, and RE1 (connected across the
output of the supply) is the input to ihe differen-
tial amplifier.

4-37 When 82 is in one of the current positions
the voltage across divider R56, R57, and R58 is
the input to the differential amplifier. Note that
this divider is connected across the sampling re-
gistor network. The amplified output of the differ-
ential amplifier is used to deflect the meter.

4-38 The differential amplifier is a stable device
having a fixed gain of ten., Stage Ql1B of the am-
plifier recelves a negative voltage from the appli-

cable voltage divider when S2 is in one of the
voltage positions while stage Q113 is connected
to the +83 {common) terminal. With 82 in a current
position, stage Q11A receives a positive voltage
from the applicable voltage divider while stage
Q11B is comnected to the +5 rerminal. The differ-
ential output of the amplifier is taken from the
collectors of Q12 and Ql4, Transistor QlS is a
constant current source which sets up the proper
bias current for the amplifier. Potentiometer R63

permits zeroing of the meter.

4-39 The meter amplifier contains an inherent
current limiting feature which protects the meter
movement against overloads. Tor example, if
METER swiich 52 is placed in the low current
range when the power supply is actually deliver~
ing a higher ampere output, the differential ampli-
fiers are quickly driven into saturation limiting the
current through the meter to & safe valua.
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Figure 4-3. Voltmeter Connections,
Simplified Schematic
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Pigure 4-4. Ammeter Connections,
Simplified Schematic

4-40 TFigures 4-3 and 4-4 show the meter connec-=
tions when the METER section of 852 is in the
higher voltage and currant range positions,respec-
tively. For the sake of simplicity, some of the



actual circuit components are not shown on these
drawings. With the METER swiich in the higher
voltage range, position 2, the voltage drop across
RS9 is the input to the meter amplifier and the
meter indicates the output voltage across the +8
and -S terminals. For low output voltages, 82 can
Le swiiched to the low voltage position (1) result-
ing in the application of & larger percentage of the
output voltage (drop across R59 and R60) to the
meter amplifier,

4-5

4-41 As illustrated in Figure 4-4 with the METER
switch in the high current position (3) the voliage
drop across R58 is applied to the meter amplifier
and the meter indicates the output current which
flows through the sampling resistor network. For
low values of output current, the METER switch
can be setto position 4and the voltage drop across
R57 and RSB is applied to the meter amplifier,



BECTION V
MAINTENANCE

5-1 INTRODUCTION

5-2 Upen receipt of the power supply, the per-
formance check {(Paragraph 5-10) should be made.
This check is suitable for incoming inspection, If
afault is detected inthe power supply while making
the performance check or during normal operation,
proceed to the troubleshooting procedures (Para-
graph 5-41), After troubleshooting and repair {(Para-
graph 5-46), perform any necessary adiustments
and calibrations (Paragraph 5-48), Before returning
the power supply to normal operation, repeat the
performance checkto énsure that the fault has been
properly corrected and that no other faults exist,
Before deing any maintenance checks, turn on pow-
er supply, allow a half-hourwarm-up, and read the
general information regarding measurement tech-
niques (Paragraph 5-3).

5-3 CGENERAL MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
across the sensingleads of the supply or as close
tothe outputterminals as possible when measuring
+he output impedance, transient response, regula-
tion, or ripple of the power supply in order to
achieve valid measurements, A measurement made
acrose the load includes the impedance of the leads
i5 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 connected
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 terminals
if the load is connected across the rear terminals.
Note that when measurements are made atthe front
terminals, the monitoring leads are connected at A,
not B, as shown in Figure 5-1, Failure to connect
the measuring device atA willre sultin a measure-
ment that includes the resistance of the leads be-
tween the outputterminals andthe point of connec-
tion, ‘

5-6 For outpui current measurements, the current
sampling resistor should be a four-terminal resis-

OUTPUT TERMINAL
B

LOAD LEAD—'E

MONITOR HERE

Figure 5-1. TFront Panel Terminal Connections

ror, The four terminals are connected as shown in
Figure 5-2. In addition, the resistor should be of
the low ncise, low temperature coeificient {less
than 30ppm/CC) type and should be used at no
more than 5% of its rated power sothat its temper-
ature rise will be minimized.

CURRENT SAMPLING
TERMINALS

EXTERNAL
LDAD

TO UNGROUNDED
TERMINAL OF
POWER SURPPLY

T0O GROUNDED
TERMINAL OF

SAMPLING POWER SUPPLY
RESISTOR

L.OAD
TERMINALS

Figure 5-2. Output Current Mea surement Technique

5-7 When using an oscilloscope, ground one ter-
minal of the power supply and then ground the case
of the oscilloscope to this same poini. Make cer-
tain 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 oscilloscope is not exhibi-
ting aripple or transient due to ground loops, pick-
up, or other means,

5-8 TEST EQUIPMENT REQUIRED

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



Table 5-1. Test Equipment Required

i REQUIRED JSE RECOMMENDED
TYPE CHARACTERISTICS MODEL
Differential Sensitivity: 1mV full scale (min. ). Measure DC voltages; 3 3420 (See Note)
Voltmeter Input impedance: 10 megohms {min.).| calibration proceadures
Variable Range: 90-130 volts. Equipped with Vary AC input -
Voliage volimeter accurate within 1 volt.
Transformer

AC Volitmeter

Oscilloscope

Oscillator

DC Voltmeier

Repetitive
Load Switch

Resistive
Loads

Current
Sampling
Resistor

Resistor

Resistor

‘Resistor

Resistor

Capacitor

Decade
Resistance
Rox )

Accuracy: 2%, Sensitivity: 1mV full
ecale deflection {min.)."

Sensitivity: 100pv/cm, Differential
input.

Range: 5 Hz to 600 kHz. Accuracy:
2%. Output: 10Vrms,

Accuracy: 1%. . Input resistance:
20, 000 ohmse/volt (min, ).

Rate: 60-400 Hz, Zpsec rise and
fall time,

vValues: See Paragraph 5-14 and
Figure 5-4. 5%, 75 watts,

6253A, 6284A; 0,33~
6255A, 6289A: 0.66a
6281A: 0. 2
6254A: ln

1K +1%, 2 watlt non-inductive,
100 ohms, #£5%, 10 watt,

Value: See Paragraph 5-59. *=0.1%,
1/2 watt.

Value: See Paragraph 5-62, 0.1%
1/2 watt.

500pf, 50 wVdc.

Range: 0-500K. Accuracy: 0.1%
plus 1 ohm. Make-before-break
contacts.

Measure AC voltages and
ripple

Display transient response
waveforms

Impedance checks
Measure DC vcltages

Measura iransient
response

Power supply load resis-
tors '

Measure current; calibrate
meter; cc ripple and noise

Measure impedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
coefficients

@ 4038

@ 140A plus 14004
plug-in, 14024
plug~-in for spike
measurements only,

¢z 200 CD

¢ 4128

See Figure 5-B,

See Parts List
R54 (R55)

NOTE

A satisfactory substitute for a differential volimeter is to arrange a refarence voliage
source and null detector as shown in Figure 5-3. The reference voltage source is ad-
justed so that the voltage difference between the supply being measured and the refer-
ence voltage will have the required resolution for the measursment being made. The
voltage difference will be a function of the null detector that is used. Examples of sai-
isfactory null detectors are: @ 41 9A null detector, a d¢ coupled oscilloscope utilizing
differential input, or a 30mV meter movement with a 100 division scale. For the latter,
a 2mV change in voltage will result in a meter deflecticn of four divisions.

5-2




-CAUTION-

Care must be exercised when using an
electronic null detector in which one
input terminal is grounded to avold
ground loops and circulating currents.

POWER SUPPLY REFERENCE
UNDER TEST VOLTAGE
SOURCE
_ s ﬁ}
0o P00
LOAD
NULL
DETECTOR
-+
0
Figure 5-3. Differential Voltmeter Substitute,

Test Setup

5-10 PERFORMANCE TEST

5-11 The following test can be used as an incom-
ing inspectioncheck and appropriate portions of the
testcan be repeated either tocheck the operation’of
the instrument after repairs or for periodic mainte-
nance tesis. Thetestsare performedusinga 115Vac
£0Hz, single phase inputl power source. If the cor—
rect result is not obtained for a particular check.
do not adjust any controls; proceed to trouble-~
shooting (Paragraph 5-41),

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Cutput and Meter ACCUracy.

5-14 Voltage. Proceed as follows:

, a. Connect lpad resistor across rear ouiput
werminals of supply. Resistor value to be as fol-
lows:

Model 52534 6255A 62B1A 6284A 62894 62344
Resistance 6n 26n 1.5 6n 26n €0a

. Connectdifferential voltmeter across +8
and ~Sterminals of supply observing correct polar-
ity.

o. Set METER swiich to highest voliage
range and turn on supply.

d. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated
cutput voliage.

e. Differential voltmeter should indicate
maximum rated output voltage within =2%.

5-3

5-15 Current, Proceed as follows:

a. {onnect test setup as shown in Figure
5-4 lsaving switch 81 open,

b. Turn CURRENT controls fully clockwise,

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

d. Adjust VOLTAGE control{s) until front
panel meter indicates exactly the maximum rated
output current.

e. Differential voltmeter should read 1. 0«
0, 02 Vdc.

POWER SUPPLY a1
UNDER TEST
+ =
QO O
LoaD DIFFERENTIAL
RESISTOR VOLTMETER
-+
CURRENT 2
SAMPLING oa
RESISTOR

MODEL NO. RES|STANCE [OHMS)
Rx Ry
£253A,6284A | 0.33 6
62554,6269A | 0.66 26
62Bla, 0.2 13
62944 Lo 59
Tigure 5-4. Output Current Test Setup

5-16. Load Requlation. To check constant voltage
load regulation, proceed as follows:

a. Connecttestsetup as shown inFigure 5-5.
b. Turn CURRENT controls fully clockwise.
c. Set METER switch to highest current

range and turn on supply.

4. Adjust VOLTAGE control{s} until front
panel meter indicates exactly the maximum rated
ouiput voliage.

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

f. Disconnect load resistors,

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

Model No, 6253A, 6284A B2Z55A, 6Z2B9A
Variation (mvdc) *6 +6
Model No. G281A 6294A
Variation {mvdc) £5 8

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




representation of the neise, since fairly high out-
put noise spikes of short duration could be present
in the ripple and not appreciably increase the RMS
value,

5-20 'The technigue usedtomeasure highfrequency
noise or "spikes" on the output of a power supply
is more critical than the low frequency ripple and
noisze measurement technique; therefore the former
is discussed separafely in Paragraph 5-28,

POWER SUPPLY
UNDER TEST
4 -
n° (
\ MoDEL NO.  |RESISTANCE(OHMS)
R Ry Ry
X 62534, 62844 | 0.33 &
6255A,62894 | D.66 26
o 6281A 0.2 13
¥ 62944 1,0 59

LOAD RESISTORS

DIFFERENTIAL
VOLTMETER

/

Figure 5-5. Load Regulation, Constant Voltage
Test Setup

a. Connect variable auto transfiormer between
input power source and power supply power input.
b. Turm CURRENT controls fully clockwise.
¢. Connect test setup shown in Figure 5-3.
d. Adjustvariable auto transformer for 105Vac
input.
i e. Set METER switch to highest voltage
range and turn on supply.

f, Adjust VOLTAGE control{s) until front
panel meter indicates exacily the maximum rated
output voltage.

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

h. Adjustvariable auto transformer for 125Vac
input.

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

Model No. 6253A, 62B4A G255A, 62B0A
Variation {(mVdc) +4 %5
Model No. 6281A £294A
Variation (mvde) +2.75 +8

5-18 Ripple and Noise. Ripple andnoise measure-
ment can be made at any input AC line voltage
combinedwith any DC output voltage and load current
within rating.

5-19 The amount of ripple and noise thatis present
on the power supply output is measured either in
terms of the RMS or (preferably} peak-to-peak value.
The peak-to-peak meagurement is particularly im-
portant for applications where nolise spikes could
be detrimental to a sensitive load, such as logic
circuitrv. The RMS measurement is not an ideal

5-4

POWER SUPPLY CASE OSCILLOSCOPE CASE
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o+
- — VERTICAL
L ?‘J__ INPUT
1

A. INCORRECT METHOD-GROUND CURRENT Ig PRODUCES 60
CYGLE DROP IN NESATIVE LEAD WHICH ADDS TO THE POWER
SUPPLY RIPPLLE DISPLAYED ON SCOPE.
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POWER SUPPLY CASE 0SCILLOSGOPE CASE
AC R AC
AGS F Acc
BND BRD
=5 , 4
TR e D vERTIGAL
L &M __BREAK L INFUT
GND
PATH

B. A CORRECT METHOD USING A SINGLE-ENDED SCOI;‘E.
BUTPUT FLOATED TO BREAK GROUND CURRENT LOOR TWISTED
PAIR REDUGES STRAY PICKUP ON SGOPE LEADS.

POWER SUPPLY CASE 0SCILLOSCOPE CASE
AC AC
ACC % RL E—l: ACC
GND GND
Mg » =0
- - VERTICAL
= _(-fr%, INPUT

C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INFUT GROUND CURRENT PATH IS BROKEN; COMMON
MODE REJESTION OF DIFFERENTIAL INPUT SCOPE IGNORES
DIFFERENCE . IN GROUND POTENTIAL OF POWER SUPPLY &
SGOPE: SHIELDED TWC WIRE FURTHER REDUCES STRAY
PICK-UP ON SCOPE LEADS.

Tigure 5-6. CV Ripple and Noise Test Setup

5-21 Ripple and Noise Measurements. Figure 5-6A
shows an incorrect method of measuring p-p ripple.
Note that a continuous ground loop exists from the
third wire of the input power cord of the supply 1o
the third wire of the input power cord of the oscil-
loscope via the grounded power supply case, the
wire between the negative output terminal of the
nowsr supply and the vertical input of the scope,
and the grounded scope case. Any ground current



circulating in this loop as a re sult of the difierence
in potential Eq between the two ground points
causes an iR drop whichisin series with the scope
input. This IR drop, normally having a 60Hz line
frequency fundamental, plus any pickup on the un-
chielded leads interconnecting the power supply and
scope, appears on the face of the CRT. The magni-
sude of this resulting noise signal can easily be
much greater than the true ripple developed bestween
the plus and minus output terminals of the power
supply, and can completely invalidate the measure-
mernt.

£-22 The same ground currentand pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6, However,
+he oscilloscope display, unlike the true RMS
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-
played is 8. 3 milliseconds (1/120Hz) or 16. 7
milliseconds (1/60Hz}, Sincethe fundamenial rip-
ple fregquency present on the output of an @ supply
is 120 Hz (due to full-wave rectification), an os-—
cilloscope display showing a 120 Hz fundamental
component is indicative of a "clean" measurement
setup, while the presence of a 60 Hz fundamental
usually means that an improved setup will re sult
in a more accurate (and lower) value of measured
ripple.

5-23 Figure 5-6B shows a correct method of mea-
suring the outpui ripple of a constant voltage pow-
er supply using a single—ended scope. The ground
lcop path is broken by floating the supply output.
Note that to ensure that no potential difference
exists between the supply ané the oscilloscope, it
is recommended that whenever possible they both
be plugged into the same AC power buss. If the
same buss cannot be used, both AC grounds must
be at sarth ground potential.

5-24 Either a twisted pair or (preferably) a shield-
ad two-wire cable should be used to connect the
cutput terminals of the power supply to the vertical
input terminals of the scope. When using a twist—
ed pair, care must be taken that one of the two
wires is connected to the grounded input terminal
of the oscilloscope. When using shielded two-
wire, it is essential for the shield to be connected
to ground at one end only so that no ground current
will flow through this shield, thus inducing a
noise signal in the shielded leads.

5-25 To verify that the oscilloscops is not dis-
playing ripple that is induced in the leads or picked
up from the grounds, the (+) scope lead should be
shorted to the {-) scope lead at the power supply
tarminalg, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement,

5-5

5-26 In most cases, ihe single-ended scope
method of Figure 5-6B will be adeguate to elimi-
nate non-real compenents of ripple and noise sc
that a satisfactory measurement may be obtained.
However, in more stubborn cases it may he nec-
essary to use a differential scope with floating in-
put as shown in Figure &-6C. If desired, two
single conductor shielded cables may be substi-
tuted in place of the shielded two-wire cable with
equal success. Because of its common mode re-
jection, a differential oscilloscope displays only
the difference in signal betwaen its two vertical
input terminals, thus ignoring the effects of any
cemmon mode signal introduced because of the
difference in the AC potential between the power
supply case and sCOpe case. Refore using a dif-
fereniial input scope in this manner, however, it
is imperative that the commecn mode rejection ca-
pability of the scope be verified by shorting to-
gether its two input leads at the power supply and
observing the trace on the CRT. If this trace is a
straight line, the scopes is properly ignoring any
commoen mode signal present. If this trace is not
a straight linz, then the scope is not rejecting the

“ground signal and must be realigned in accordance

with the manufacturer's insiructions until proper
common mode rejection is attained.

5-27 To check the ripple and noise output, pro-
ceed as fcllows:

a. Conne.: the oscilloscope or RMS volt-
meter as shown in Figures 5-6B or 5-6C,

b. Turn the CURRENT controlfully clockwise
and adjust VOLTAGE control until front panel meter
indicates maximum rated outputi voltage.

¢. The cbhserved ripple and noise should be
less than 200pV RMS and 1lmV p~-p.

5-28 Noise Spike Measurement. When a high fre-
guency spike measurement is being made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 20 MZiz ormore is
adequate. Measuring noise with an ifistrument that
has insufficient bandwidth may conceal high fre~
guency spikes detrimental to the load.

5-29 The test serups illustrated in Figures 5-6A
and 5-6B are generally netacceptable for measur-
ing spikes; a differential oscillescope is necessary.
Purthermore, the measurement concept of Figure
5-6C mustbe modifiedif accuraie spike measure-
ment ig to be achieved:

1. As shown in Pigure 5-7, two coax cables,
must be substituted for the shielded two-wire cable.

2. Impedance matching resistors must be
included to eliminate standing waves and cable
ringing, and the capacitors must be connected to
block the DC current path.
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Tigure 5-7. CV Noise Spike Test Setup

3. The length of the test leads outside the
coaxiscritical and mustbe keptas shortas possi-
ble: the blocking capaciior and the impedance
matching resistor should be conrected directly from
the inner conducter of the cable to the power supply
terminals. ‘

4. Notice that the shields of the power sup-
ply end of the two coax cables are notesonnected to
the power supply ground, since such a connection
would giverise to a ground cwrent path through the
coax shield, resulting in an erroneous measurement,

5. The measured noise spike values must be
doubled, since the impedance matching resistors
constituie a 2-to-1 atienuator,

6. The noise spikes observed on the oscillo-
scope should be less than 0. SmV p~p.

5-30 The circuitof Figure 5~7 can also be used for
the normal measurement of low frequencyripple and
noise: simply remove the four terminating resistors
and the blocking capacitors and substitute a higher
gain vertical plug-inin place of the wide-band plug-
in required for spike measuremenis. Notice that
with these changes, Figure 5-7 becomes a two-
cable version of Figure 5-6C.

5-31 Transient Recovery Time. To check the
rransient recovery time proceed as follows:

a. Connect test setup shown in Figure 5-8.

b. Turn CURRENT controls fully clockwise,

c. 8et METER switch to highest current
range and turn on supply.

d. Adjust VOLTAGE conirol(s) until front
panel meter indicates exactly the maximum rated
ouiput veltage.

e. Close line switch on repetitive load
switch setup.

f. Adjusi 25K potentiometer until a stable
display is obrained on oscilloscope. Wawveform
should be within the tolerances shown in Figure
5-9 (output should return to within 15mV of original
value in less than 50 microseconds).

POWER SUPPLY 0SCILLOSCOPE
UNDER TEST hp 1404
e \, &
oQ Rep
I
CONTACT PROTECTION
NETWORK Ry
JuF 50 5W
400V-  [NOTE 3) "Ry
NOTES:
|, THIS DRAWING SHOWS A
SUGGESTED METHOD OF
BUILDING A LOAD SWITCH,

!

| HOWEVER, OTHER METHODS

| COULD BE LSED; SUCH AS
A TRANS!STOR SWITCHING

| NETWORK, MAXIMUM LOAD
RATINGS OF LOAD SWITCH

| ARE; 54MPS, 500V,

|

I

15V

250W INOT 2500W)
2. USE MERCURY RELAY]

CLARE TYPE HGP IDO2
OR W.E. TYPE 276E.

2. WIRE wWOU E
1 REPETITIVE | USE ND RESISTOR
1.OAD SWITCH (NOTE I} J

MOBEL ND.. RE;)I(STANCEFQSHMS)
G281A 0.20 1.3
62534,62B4A | 0.33 g
5255A,6288A | 0.66 28
52944 1.0 59
5299A 1.33 132

Tigure 5-8. Transient Response, Test Setup
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Pigui’e 5-9, Transient Response, Waveforms

5-32 Programming Speed. This measurement is
made by monitoring the output veltage with an os-
cilloscope while rapidly changing the remote pro-
gramming resistance. For up-programming, the re-
mote resistance is varied from zero ohms to the val-
ue that will produce maximum output voltage; and
for down-programming, theremote resistance is var-
ied from the value that will produce maximum output
voltage to zero ohms. To check the up-programming
speed, make the connections indicated in Figure
5-10; for down-programming, simply remove R
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Test Setup

FPigure 5-10.

The load resistance is included for up-programming
and removed for down-programming to present the
worst possible conditions for the supply to reach
the programmed voliage. Refer to Application Note
90, Power Supply Handbook for further details on
remote programming speed. To check the program-—
ming speed, proceed as follows:

1. Restraptherear barrier stripas indicated
in Figure 5-10. Noie that the jumper between +8
and A10 is removed. This disconnects the cutput
capacitor G20 to increase the programming gpeed.
A minimum amount of output capacitance {C19) ig
permanently wired to the output and should not be
removed, because the supply could oscillate under
certain load conditions. The programming speed in-

creases by afactor of from 10 to 100 when the out- .

pui capacitor C20 is removed.

2. Connecttherelay, oscilloscope, and pro-
grammingresistor Rpas illustrated in Figure 5-10.
Select the value of the programming resistor that
will produce maximum output voltage of the supply.
This value is obtained by multiplying the program-
ming coefficient (200 ohms/volt, 300 chms,/volt
for Model 5294A) by the maximum rated ouiput
voliage of the supply. ‘

3. A mercury-wetted relay is employed to
rapidly switch the programming resistance from zero
to maximum at a 60 Hz rate. Other antomatic
switching devices can be used; however, a hand-
operated switch connected across the programming

resistor is notadequate, because the resulting one-

shot displays are difficuli to observe on most 08—
cilloscopes.

4, The time (T) required for the output voli-
age to change from zero velts to maximum rated out-
put or from maximum rated output to zerc should be
iess than 10 milliseconds.

5-33 Qutpui Impedance. To check the output im-
pedance, proceed as follows:
a. Connect test setupas showninTigure 5-11L

VOLTMETER VOLTMETER
hp403B hp403B
INDICATES Eo INDICATES Ein

[sleq o) QO

POWER SUPPLY
UNEER TEST

OSCILLATOR
hp 200 CD

A% 2

1K 500 MFD
=1+
100 OHM
Figure 5-11. Qutput Impedance. Test Setup

b. Set METER switch to highest voliage range
and turn CURRENT controls fully clockwise, and turn
on supply.

¢, Adjust VOLTAGE control(s) until front
panel meter reads 20 volts,

d. BSet AMPLITUDE contrel on Oscillator to
10 volts (Ejn), and FREQUENCY control to 1 kHz.

e. Record voltage across ouiput terminals of
the power supply {Eo) as indicated on AC voltmeler,

f. Calculate the output impedance by the
following formula: Zout = (EoR)/(Ein - Eo)

E, = rmg voltage across power supply output
terminals.
1000,
in = 10 volts,

g. The output impedance (Zout} should be
less than 0, 01 ohm,

h. Using formula of stepi, calculate ocutput
impedance at frequencies of 10kHz, 100kHz, and
1MHEz., Values should be less than 0, 05 ohm,

0,5 ohm, and 5 ohms, respectively.

il

R
E

i

5-34 CONSTANT CURRENT TESTS

5-35 Load Regulation. To check the constant cur-
rent load regulation, proceed as follows:
a, Connecttestsetupas shown in Figure 5-4,
b. Turn VOLTAGE control{s) fully clockwise.
c¢. Seti METER switchto highestcurrent range



and turn on supply.

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

g, Read and record voliage indicated on
diff~renilal voltmeter,

_ f. Short out load resistor {Ry) by closing
switch S1,
g. Reading on differential voltmeter should

not vary from reading recorded in step e by more
than the following:

Model No. 62534, 6284A 2554, 62854
Variation (mVdc) +0,183 +0, 265
Model No, G281A £294A
Variation (mvdc) +0, 5 20, 35

5-36 Line Regulation,
proceed as follows:

a. Utilize test setup shown in Figure 5
leaving switch 81 open throughout test.

b. Connect variable auto transformer be-
tween input power source and power supply power
input.

g¢. Adjust auto transformer for 105Vac input,

d, Turn VOLTAGE conirol (s) fully clockwise,

e. BSet METER switchto highest current range
and turn on supply.

f.
meter reads exactly the maximum rated ouiput cur-
rent,

-4

g. Read and record voliage indicated on dif-
ferential voltmeter.

h. Adjust variable auio transformer for 125
Vac input.

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

Maodel No. 62534, 6284A 62557, G280A
Variation (mvdc) +0, 183 +0, 265
Model No, 62814 62944
Variation (mvdc) +0, 15 +0, 35

5-37 Ripple and Noise. Most of the instructions
pertaining to the ground loop and pickup problems
associated with constant voliage ripple and noise
measurement also applytothe measurement of con-
stant current ripple and noise. Figure 5-12 illus-
trates the most important precautions to be ohserved
when measuring the ripple and noise of a constant
current supply. The presence of a 120 cycle wave-
form onthe oscilloscope is normally indicative of a
correct measurement method, A wave shape having
60 Hz as its fundamental component is typically as-
sociaied with an incorrect measurement setup.

5-38 Ripple and Noise Measuremeni, To check the
ripple and noise, proceed as follows:

a. Connect the oscillescope or RMS voli-
meter as shown in Figures 5-12B or 5-12C.

To check the line regulation

Adjust CURRENT conirols until front panel

POWER SUPPLY CASE

Eaant
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| +0—— Rr b0 - {
l . XL |
I - - I
| Eg ig |
R .
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CYCLE DROP IN NEGATIVE LEAD WHICH ADDS TO THE POWER
SUPPLY RIPPLE DISPLAYED ON SCOPE.
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% LENGTH OF LEAD BETWEEN Rr AND DUTPUT
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MINIMUM.
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TERMINAL GF POWER SUPPLY MUST BE HELD TD ABSOLUTE
MINIMUM.

€. 'A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INPUT. GROUND CURRENT PATH IS BROKEN;
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Figure 5-12. CC Ripple and Noise Test Setup

1. Rotate the VOLTAGE control fully cw.

c. 8et METER switch to highest cwrrent range
and turn on supply-

d. Adjust CURRENT control until front panel
meter reads exactly the maximum rated output current.

e. The ripple and noise indication should be
less than the follocwing:
Model B253A,8284A 6255A,6289A 62BlA 6294A
mA rms 2 0.5 4 0.5



5-39 TROUBLESHOOTING

5-40 Components within Hewlett—-Packard power
supplies are conservatively operated to provide
maximum reliability, In spite of this, parts within
a supply may fail. Usually the instrument must be
immediately repairedwith a minimum of "down time"”
and a systematic approachas outlined in succeeding
paragraphs can greatly simplify and speed up the
repair.

5-41 TROUBLE ANALYSIS

5-42 General. Before alttempting to troubleshoot
this instrument, ensure that the fault is with the
instrument and notwith an associated circuit, The
performance test (Paragraph 5-1 0) enables this tohe
determined without having to remove the instrument
from the cabinet,

5-43 Once it is determined that the power supplyis
at fault, check for obvious troubles such as open
fuse, a defective power cable, or an input power
failure., Next, remove the top and bottom covers
(each held by fourretaining screw s) and inspect for
open connections, charred components, etc. If the
srouble source cannotbe detected by visual inspec-
tion, follow the detailed procedure outlined in suc-
ceeding paragraphs. Once the defectiive component
has been located {by means of visual inspection or
frouble analysis) correct it and re-conduct the per-
formance test. ¥ a component is replaced, refer to
the repair and replacementand adjustment and cali-
bration paragraphs in this section,

5-44 A good understanding of the principles of op-
eration is a helpful aid in froubleshooting, and it

Table 5-2.

+

is recommended that the reader review Section IV of
the manual before attempting to troubleshoot the
unit in detail. Once the principles of operation are
understond, logical application of this knowledge
used in conjunction with the normal voltage read-
ings shown on the schematic and the additional
procedures given in the following paragraphs should
suffice to isolate a fault to a component or small
group of components, The normal voltages shown
on the schematic are positioned adjacent to the
applicable test points {identified by encircled num-
bers on the schematic and printed wiring boards).

5-45 Tabkle 5-2 includes the symptoms and prob-
able causes of many possible troubles, If either
high orlow outputvoltage is a symptom, there are
two meihods of isolating the fault. The first is a
simplified procedure that involves only measuring
voltages; the second is a more thorough approach
requiring that transistor stages be opened or shor-
tad. Both methods are described as follows:

1. First, the reference, bias, and filtered dc
voltages as given in Table 5-3 should be checkead.
Then the voltage levels at critical points (base and
collector) in the feedback loop should be measured
and compared to the normal voltages given on the
overall schematic diagram atthe rear of the manual.
This method of troubleshooting a feedback loop is
notalways conclusive; a better method is de scribed
in (2).

2. First, measure the reference, bias, and
filtered dc voltages as given in Table 5-3. Then,
drive each stage in the feedback loop into conduc-
tion or cutoff by either shorting or opening the pre-
vious stage as indicated in Tables 5-4 or 5-5.

Common Troubles

Symptom

Probable Cause

Low ouiput or no output voltage

High output voltage

High ripple a.

Refer to Table 5-3, then 5-4,
Refer to Table 5-3, then 5-5.
Check operating setup for ground-refer to Paragraph 5-18.

b, If output floating, connect lpf capacitor between output
and ground.

c. Check for excessive internal ripple; refer to Table 5-3.

d. Ensure that supply is not in constant-current operation
under loaded conditions,
CURRENT control fully clockwise,

e. Check for low voltage across Cl4,Cl12, or C10,

To prevent this condition turn

5-9



Tahle 5-2. Common Troubles (Continued)

Symptom

Probabhle Cause

Poor line regulation

a. Improper measuring technique; refer to Paragraph 5-3.
1. Check reference circuit voltages, Table 5-3.

c. Check reference circuit adjustment, Paragraph 5-62.

Poor Joad regulation
(Constant Voltage)

i

Improper measuring technique; refer to Paragraph 5-3.

b. Check the regulation cheracteristics of Zener diode VR1 as

follows: '

(1) Connect differential voltmeter acress VR1

(2} Connect appropriate load resistor (Ry), given in Figure 5-4,
across {+) and {-) output terminals

{3) Perform steps b through f of Paragraph 5-18

{(4) If the differential volimeter reading varies by more than
0.5mV, replace VRI.

¢. Ensure that supply is not in constant-current operation under
loaded conditicns. To prevent this condition turn CURRENT
control fully clockwise.

Poor lecad regulation
(Constant Current)

7 Improper mea suring technique; refer to Paragraph 5-3.

‘b,./ffheck the regulation characteristics of Zener diode VR2 as

follows:

(1) Connect differential volimeter across VRZ

(2} Connect appropriate load resistor {Ry), given in Figure 5-4,
across (+) and () output terminals

(3) Perform steps b through £ of Paragraph 5-35

(4) If the differential veltmeter reading varies by more then
0.5mV, replace VRZT

c. “©T8, 020, and CR&T Teaky. _ ,
d. Check clamp circuit, QT0, €R30, \h{ and CR32.

&

e. Ensure that supply is not crossing over into constant voltage
operation. To prevent this condition, load the supply and
turn the VOLTAGE control fully clockwise,

QOscillates Check C5 open. Adjustment of R30; refer toParagraph 5-64.
b. Check R21 and C3 in current input circuit.
Poor stability (Constant Voltage) a. Check +6.2Vde referance voltage (Table 5-3).
1. Noisy programming resistor R10.
c. CR1, CRZ legky.
d. Check R1, R12, R13, and C2 for noise or drift.

e. Stage Q1 defective.

Poor stability (Constant Current)

a. Check -6.2Vdc reference voltage (Table 5-3).
. Noisy programming resistor R16.

CRS5, CR34, C19, C3 leaky.

Check R18, R19, R20, R2l, R54, and R55 for noise or drift.
e. Stage Q2 defective.

Poor transient recovery

a. Check R30 and C5. Refer to adjustment procédure
Paragraph 5-64.




Table 5-3, Reference. Bias, and filtered DC Troubleshooting

Meter Meter Normal Normal Probable
Common Positive Vdc Ripple (P-P) Cause
L
31 +8 6.2 s 0. 5mV VR2
!
+8 33 6.2 L 8 0.5mV VR1 ‘
]}.‘{V
+8 37 12.4 _{% 5mvV Q3, Q2
8
34 a7 g4 T A 1.4V C10, CR22,
©OR23,T1
. \J;\}’t‘*o
41 23 4.4 @ 20mV VR4
11 38 28V (6253A) 3 Cl2, CR24,
53V(5255A) 57'_1 . v CR25, T1
12V(6281R) - 2y
28V (62844) 3V
53V{6289A) Y
80V(6294A) v
- Out 27 38V{62533) 0. 4V cl14,C16,
62V (62558) \;7 0,6V CR26, CR27,
21V(62814) b 0.2V R49,T1
38V (6284A) AT
62V {6289A) 0.5V
90V (5294A) 0.8V

Table 5-4, Low Output Voliage Troubleshooting

Step Action Response Prcbable Cause
1 Turn the VOLTAGE control fully
cloqkwise and disconnect the
load
2 To eliminate the constant cur— Output increases Stage Q2 defective
rent circuit as a canse of the .
malfunction, remove CRA cath- 1. Output remains low %, Reconnect CR4 and proceed
to step 3
ode or anode lead
3 Check conduction of Q6 and a, Output remains low a. @6,Q7,CRl1 or ass ociated
Q7 by connecting a jumper be~ parts defective
tween Q4 emitter (22} and . .
vase (1B) b. Output increases 1. Remove jumper and rroceed
to step 4
4 Check turnoff of Q4 by short- a, Outpui remains low a. Q4,CRL7,R38 defective
ing Q5 emitter to base , .
b, Output increases b. Remove jumper and proceed
to step &
5 Check turnoff of Q5 by short- a. Ouiput remains low a, 0Q5,R31 or agsociated com=

ing Q3 emitier to collector

L., Output increases b.

ponents defective

and proceed to step 6

5-11
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Table 5-4. Low Output Voltage Troubleshooting (Continued)

Step Action Response Probable Cause
6 Check conduction of Q3 by a, Output remains low a. Stage Q3 or Q16 defective
. shorting Q1A emitter to col- '
lector b, Output increases 1. Remove short and proceed
to step 7
7 Remove CR32 ancde or cath- a. Output increases a. Voltage clamp circuit is de~
ode lead fective
b. Output remains low | b. Reconnect CR32, GStage
' Q1 defective, Chesck R10,
C1 for short and R12,R13
for open.
Table 5-5. ¥igh Output Voltage Troubleshooting
Step Action Response Probable Cause
1 Turn the VOLTAGE control to
approximately mid-range and
disconnect the load, If the
output voltage should rise to
an excessive value with the
VOLTAGE control turned cow, .
the control could be damaged. - <
< oS Ve
2 Check turnoff of Q6 and Q7 a, Output remains high | a. Q6,Q7%, CR11,R23, ]52*"7, R34
by shorting collector of Qb defective V R 5o
itt £
to emitter of Q4 b, Output decreases b. Remowve short across Q4
. and proceed fo step 3
3 Check conduction of Q4 by a. Output remains high Q4, CR17,R38 defective
horti 5 emitter to col-
feg,;;ng Q5 emitter 10 €0 b, Output decreases L. Remove short across Q5 and
proceed to step 4
4 Open Q3 collecter lead ~ a. Output remains high| a. Q5, R31 or associated com-
Check conduction of Q5 by ponents defective
horti 33
shorting R b, Outpui decreases b, Remove short and proceed
to step 5
5 Check tumoff of Q3 by a. Output remains high | a. Stage Q3 or Q17 defective
i 3 ba t itt
shorting Q Be 10 emitier b, Output decreases b. Remove short and proceed
to step 6
& Remove CR32 anode or-Gathode a. Ouiput decreases a. Voltage clamp circuit is de-
fective
b. Output remains high ] b. Reconnect CR32 and pro-
. ceed to step 7
7 On rear terminal board, short a. Output remains high{ a. Stage Q1 defective
AG to {-) ]
L. Output decreases ‘b. Remowve short across termil-

nals AG and {~), Check
R1D for open and R12,R13
for short.

5-12




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 that lifts
off the board should be cemented in place with a guick 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 ping suchastube 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: ¥ the specific instroctions outlinedinthe 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 2. Reheai solder invacant eyeletand guickly
tobe replaced. I lead of component passes insert a small awlio cleaninside of hole.

through an eyelet If hole does
in the circuit not have an CONDUCTOR
board, apply eyelet, in- SIDE

sert awl or
a #57 drill

heat on com-
ponent side

af board. I (u from con-
lead of com- * ductor side
ponent does of hoard.

not pass through an
eyelet, apply heat to conductor side of board.

4, Hold partagainst board (avoid overheating)

3. Bend clean finned lead on new part and and solder leads,
carefully insert Apply heat to compo-
through eyelets or nent leads on correct
holes in board. side of board
as explained

\rearsssillrarsasessonserrrere) [ pascexs in step 1.

In the eventthat either the circuit boardhas been damaged or the conventional method isimprac-
tical, use method shown below. Thisis especially applicablefor circuii boards without eyelets,

1. Clip lead as shown below, 2. Bend protruding leads upward. Bend l=ad
of new APPLY

/ CLIP component SOLDER
HERE around pro-

truding lead.

Apply sclder

using a pair

of long nose pliers as a heat sink,

T

N L L T T L T e T T

NIFESELL SRFFINNESNERIEREFANN. . CAEENEES

This procedure is used in the field only as an alternaie means of repair. If is not used within
the factory. ‘

Tigure 5-13. Servicing Printed Wiring Boards
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5-46 REPAIR AND REPLACEMENT

5-47 Before servicing a printed wiring board, refer
1o Figure 5-13, Section VI of this manual contains
a list of replaceable parts, Before replacing a semi-
conductor davice, refer to Table 5-6 which lisis the

special characteristics of selected semiconductors,
If the device to be replaced is not listed in Table
5-6, the standard manufacturers part number listed
in Sectipon VI is applicable. After replacing a semi-
conductor device, refer to Table 5-7 for checks and
adjustments that may be necessary.

Table 5-6. BSelected Semiconductor Characteristics
Reference L - Suggesied
Designator Characterisiics ¢ Stock No. Replacement
Matched differential ampli-
fier, NPN 3i Planar.
Q1,2,11 70 (min,) hrE ic = 1 ma. 1854-0229 2N2817 G.E.
VCE = 5V, Ico 0. Olp.a @
Veho = SV
NPN Power. hrg = 35 (min.)
.7 1854-0228 2N3055 R.C.A,
@6, 7(16) @ Io = 4A, VQE = 4V. (85 R.C
CR1-5, 19, Si. rectifier, 200ma, 200prv 1901-0033 1N4853 Sylvania
20, 30, 32
VR3 Diode, zener, 4,22V, 400mW 1902-3070 IN749 Motorola
VR4, 5 Diode, zener, 4,3V, 1W 1902-0797 1N3824 Motorola
[ e e
Table 5-7. Checks and Adjustments After Replacement of Semiconductor Devices
Reference Function b Check Adjust
Gonstant voltage (CV)
Q1 Constant voliage differential amplifier line and load regulaticn.
Zero voli output, R6 or R8
Constant current {CC)
Q2 Constant current differential amplifier line and load regulation,
Zero current output. R25 or RZ8
) . CV/CC load regulation.
Q3,Qle Mixer amplifier CV transient response. R30,
Q4, 05 Frror amplifiers and driver CV/CC load regulation.
Q6, Q7 Series regulator CV/CC load regulation.
Reference circuit line
8, Q9 Reference regulator regulation, R4
QlO Clamp circuit CC load regulation.
o Meter zero. Voltmeter/ RG3,R72
Q11-Ql5 Meter circuit ammeter fracking. R56
CR1, CR2 Limiting diodes CV load regulation.
CR3,CR4, CRS OR-gate diodes and limiting diode CV/CC load regulation.
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Table 5-7. Checks and Adjustments After Replacement of Semiconductor Devices (Continued)

Reference " Function Check Adjust
. i Voltage across each

CRB8-CR10 Forward bias regulator diode 0. 6 to 0.9 volts.

L Voliage across appro-
CR22-CR27 Rectifier diodes oriate filter capacitor,
CR34 Protection diode Output voltage

e Positive reference
VR1 Positive reference voltage voltage (+6. 2V).

N Negative reference

VR2 Negative reference voltage voltage (-6. 2V).
VR4 Bias voltage 4, 4V

Tahle 5-8. Calibration and Adjustment Summary

Adjusltmerllt or Paragraph Gontlrol Adjus‘tmen't or Paragraph Oontlrol
Calibration Device Calibration Device
Meter Zero 5-50 Pointer "Current" Program-
ming Current 5-61 R19
Voltmeter Tracking 5-52 R63 and R72
' Reference Circuit
Ammeter Tracking 5-54 R56 Line Voltage Ad-
"Zero" Volt Output 5-57 R6 or R8 justment 5-63 R46
"Yoltage" Program- Negative Reference -
ming Current 5-58 R13 Toad Adjustment 5-64 Replace VRZ
"Zero" Current Pogitive Reference
QOutput . 5-60 R25 or R28 Load Adjustment 5-G65 Replace VR1
Transient Response 5-66 R30

5-48 ADJUSTMENT AND CALIBRATION

5-49 Agdjustment and calibration may be required
after performance testing, troubleshooting, orrepair
znd replacement, Perform only those adjustments
that affect the operation of the faulty Gircuit and no
others, Table 5-B summarizes the adjusiments and
calibrations contained in the following paragraphs,

5-50 METER ZERO

5~51 The meter pointer mustrest onthe zero cali-
bration mark onthe meter scale whenthe instrument
ig at normal operating temperajure, resting in its
normal operating position, and the instrument is
turnad off, To zero-set the meter proceed as fol-
lows:

a. Turn on instrument and allow it to come
up to normal operating temperature {about 20

5-15

minutes).

b, Turn the instrument off, Waittwo minutes
for power supply capacitors to discharge completely,

¢c. Rotate adjustment screw on front of meter
clockwise until the meter poinier is to the left of
zero and further clockwise rotation will move the
pointer upscale towards zero.

d. Turn the adjustment screw clockwise un-
1il the pointer is exactly over the zero mark on the
scale. If the screw is turned too far, repeat steps
c and ¢, ‘

e, Turn meter adjustment screw counter—
clockwise about 15 degrees to break contact be-
wween adjustment screw and pointer mounting yoke,
but not far enough to move the peinter back down-
scale. If screw is turned too far, as shown by the
needle moving, repeat the procedurs. The meter is
now zero-set for best accuracy and mechanical
stability,



5-52 VOLTMETER TRACKING

5-53 To calibrate volimeter tracking, proceed as
follows:

a. To elecirically zero meter, sel METER
switeh to highestcurrent positionand, with supply
on and no load connected, adjust R63 until front
panel meter reads zero,

b, Connectdifferential voltmeter across sup-
ply, observing correct polarity.

c, Set METER switch to highest voltage
range and turn on supply. Adjust VOLTAGE control
until differential volimeter reads exactly the max-
imum rated output voltage.

@, Adjust R72 until front panel meter also in-
dicates maximum rated output voltage.

5-54 AMMETER TRACKING

5-55 To calibrate ammeter tracking proceed as
follows:

a. Connect test setup shown on Figure 5-4
leaving switch S1 open.

b. Turn VOLTAGE controlfully clockwise and
set METER switch to highest current range.

¢. Turn on supply and adjust CURRENT con-
wrols until differential voltmeter reads 1, 0Vde.

d. Adjust R56 until front panel meter indi-
cates exactly the maximum rated ouiput current.

5-56 CONSTANTVOLTAGE PROGRAMMING CURRENT

5-57 To calibrate the zero volt programming accu-
racy, proceed as follows:

4. Connect differential voltmeter between 45
and -8 terminals.

b. Short out voltage controls by connecting
jumper between terminals Ab and -5.

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

d. Observe reading on differential voltmeter,

o. If it is more positive than D volis, shunt
resistor R6 with decade resistance box.

f, Adjustdecade resistance until differential
volimeter reads zero, then shunt RE with resistance
value equal to that of the decade re sistance.

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

h. Adjust decade resistance until differen—
tial voltmeter reads zero then shunt RB with resis-
sance value equal to that of the decade box.

5-58 To calibrate the constant voliage programming
curreni, proceed as follows:

a. Connect a 0. 1%, L watt resistor between
terminals -8 and A6 on rear barrier sirip. Resistor
value to be as follows:

Model 6253A,6284A 6255A,6285A 62B81A 62854A
Resisiance e BKn 1.5k~ 18Kn
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b. Disconnect jumper between Af and A8
{leaving A6 and A7 jumpered) on rear tarminal bar-
rier sirip.

c. Connect a decade resistance in place of
R13.

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

e. Adjust decade resistance box 5o that dif-
ferential voltmeter indicates maximum rated output
voltage within the following tolerances:

Meodel No, 65253A, 62844 62554, 62894
Tolerance (Vdz) =0, 4 +0, 8
Model No. 6281A 52944
Tolerance (Vdc) 20, 15 +1, 2

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

5-59 CONSTANT CTURRENT PROGRAMMING CTURRENT

5-60 To calibrate the zero current programming ac-
curacy, proceed as follows:

a. Connect differential volimeter between +5
and -8 terminals.

b. Short out current controls by connecting
jumper between terminals Al and AS.

c. Rotate VOLTAGE control(s) fully clockwise
and-turn on supply.

&, Observe reading on differential voltmeter.

e. If it is more positive than 0 volts, shunt
resistor R25 with a decade resistance box.

f.  Adjust decade resistance until differen-
tial voltmeier reads zero, then shunt RZ5 with re~
sistance value squal tc 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, then shuntR28 with resistance
value equal to that of decade box,

5-61 To calibrate the constant current programming
current, proceed as follows:

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

b. Remove strap between A3 and Aé (leaving

A4 and AS jumpered).

c. Connect a 0. 1%, twalt resistor between
Al and A5, Resistor value to be as follows:

Model No. 62534, 62847 G255A, 62B9A
Resistance 1. 5%~ 750n
Model No. 6281A 5294A
Resistance 1%n 1K¥n

d. Connect decade resistance box in place
of R18.

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

f. Adjust the decade resistance so that the
differential voltmeter indicates 1.0+ 0,01 Vdc.

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



5-62 REFERENCE CIRCUIT ADJUSTMENTS

5-63 Line Regulation. To adjust the line regula-
tion capabilities of the insirument proceed as fol-
lows:

a. Connect the differential voltmeter be-
twaen +S {common) and 33 (positive).

b. Connect variable voltage transformer be-
tween supply and input power source.

¢. Adjust line to 105 Vac.

d. Comnect decade resisiance in place of R46.

e. Turn on supply and adjust VOLTAGE con-
trol(s) for maximum rated ouiput voltage.

f. Adjust decade resistance so that voltage
indicated by differential voltmeter does not change
more ihan the following as input line voltage is
varied from 105 to 125Vac:

Model No, 62534, 62B4A G255A, G28%A
Variation (mVdc) 0. 95 0. 81
Model No. 6281A 6294A
Variation {mVdc} 1,24 0.75

g. Replace decade resistance with appro-
priate value resistor in R46. position.

5-64 CONSTANT VOLTAGE TRANSIENT RESPONSE

5-65 To adjust the transient response, proceed
as follows:

a. Connect test setup as shown in Figure
5-8.

. Repeat steps & through e as outlined in
Paragraph 5-31.

c, Adjust R30 so that the transient response
is as shown in Figure 5-0,



SECTION VI
REPLACEABLE PARTS

6-1 INTRODUCTION

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

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

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

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

d, Manufacturer's Part Number or Type.

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

f. Hewlett-Packard Part Number.

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

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

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or
inquiry to vour local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following information for each part:
Model, complete serial number, and any Option or
special medification () numbers of the instrument;
Hewlett-Packard part number; circuit reference des-
ignator; and description, To order a part not listed
in Table 6-4, give a gcomplete description of the
pari, its function, and its locatien.

Table 6-1, Reference Designators
A = assembly E = miscellanecus
B = blower (fan) electronic part
C = capacitor F = fuse
CB = ¢ircuit breaker (7T = jack, jumper
CR = diode K = relay
DS = device, signal- | L = inductor

ing (lamp) M = meter

Table 6-1. Reference Designaters (Continued)
P = plug v = vacuum tube,
Q = transistor necn bulb,

R = registor phoiocell, etc.

3 = gwitch VR = zener diode

T = transformer X = sccket

TB = terminal block Z = integrated cir-

TS = thermal switch cuit or network

Table 6-2. Description Abbreviations

A = ampere mir = manufacturer

ac = alternating mod. = modular or
current modified

assy, = assembly mtg = mounting

bd = board n = nano = 1079

bkt = bracket NC = normally closed

oC = degree NO = normally open
Centigrade NF = nickel~plated

cd = card n = ¢chm

coef = coefficient obd = order by
comp = composition description
CRT = cathode-ray OD = cutside

tube diameter

CT = center-tapped | p = pico = 10-12
dc = direct current P.C. = printed circuit
DPDT = double peole, pot. = potentiometer

double throw p~p = peak-to-peak

DPST = double pole, ppm = parts per

single throw million
eleat = electrolytic - pvr = peak reverse
encap = encapsulated voltage

F = farad rect = rectifier
op = degree rms = root mean

Farenheit sguare

fxd = fixed 81 = silicon
Ge = germanium SPDT = single pole,
H = Henry double throw
Bz = Hertz SPST = single pole,
I = integrated gsingle throw

circuit S5 = smail signal
1D = inside diameter{ T = slow-blow
inend = incandescent tan. = tantulum

13 = kilo = 103 Ti = titanium
m = milli = 10-3 v = volt
M = mega = 106 var = variable
il = micro = 1076 ww = wirewound
met. = metal W = Watt

6-1




Table 6-3.

CODE
NO, MANUFACTURER ADDRESS
00629 }EBY Sales Co., Inc, Jamaica, N.Y.
00656 | Aerovox Corp. New Bedferd, Mass.
00853 | Sangamo Eleciric Co,
8, Carolina Div, Pickens, 5.C.
01121 |Allen Bradley Co. Milwaukee, Wis.
01255 {Liiton Industries, Inc.
Bewverly Hills, Calif.
01281 | TRW Semiconductors, Inc.
Lawndale, Calif.
01295 | Texas Instruments, Inc.
Semiconducior-Components Div,
Dallas, Texas
01686 |RCL Electronics, Inc. Manchester, N, H.
01930 |Amerock Corp. Reckford, Il
02107 |Sparta Mfg. Co. Dover, Chio
02114 |Perroxcube Corp. Saugerties, N.Y,
02606 | Fenwal Laboratories Morton Grove, I1l,
02660 |Amphenol Corp. Broadview, Il
02735 {Radio Corp. of America, Solid State
and Receiving Tube Div, Somerville, N.T.
03508 |G. E. Semicenductor Products Dept.
Syracuse, N.Y.
03797 |Eldema Corp. Compton, Calif,
03877 | Transitron Electronic Corp,
Wakefield, Mass.
03REB | Pyrofilm Resistor Co. Inc.
Cedar Knoils, N.]J.
04009 |Arrow, Hart and Hegeman Electric Co,
Hartford, Conn.
04072 |ADC Electronics, Ing, Harbor City, Calif,
04213 |Caddell & Burns Mig. Co. Inc.
- Mineola, N.Y.
04404 | *Hewlett-Packard Co. Palo Alto Div.
Palo Alto, Calif.
04713 |Motorola Semiconducter 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, S.C.
06004 |Bassik Div. Stewart-Warner Corp.
Bridgeport, Conn.
06486 |IRC Div. of TRW Inc,
Semiconductor Plant Lynn, Mass.
06540 |Amatom Electronic Hardware Co. Inc.
New Rochelle, N.Y,
06555 |Beede Elecirical Instrument Co.
. Penacook, N, H, .
06666 |General Devices Co. Inc.
Indianapolis, Ind.
056751 |Semcor Div. Components, Inc.
Phoenix, Arizona
06776 |Robinson Nugent, Inc. New Albany, Ind,
06812 |Torrington Mfg. Co., West Div,
Van Nuys, Calif,
07137 |Transistor Electronics Corp.

Minneapolig, Minn,

*Use Code 28480 assigned to Hewlett~Packard Co.

Code List of Manufacturers

CODE
NO. MANUFACTURER ADDRESS
07138 | Westinghouse Electric Corp,

07263

07387
07397
07716
07610
07933
08484
08530
8717
08730
08806
08863
08919
09021
05182
09213
09214
08353
09922
11115

11236
11237

11502
11711
12135
12615
12617
12687
13103
14493

14655

14836

15801
16299

Elecironic Tube Div, Blmira, N.Y.
Tairchild Camera and Instrument
Corp, Semiconductor Div.
Mountain View, Calil.
Birtcher Corp, , The Los Angeles, Calif,
Sylvania.Electric Prod. Inc.
Sylvania Elecironic Systems
Weetern Div, Mountain View, Calif.
TRC Div, of TRW Inc, Burlingion Plant
Burlington, Iowa
Continental Device Corp.
Hawthorne, Calif,
Raytheon Co. Components Div,
Semiconductor Operation
Mountain View, Calif,
Breeze Corporations, Inc. Union, N.J.
Reliance Mica Corp. Brooklyn, N.Y,
Slcan Company, The Sun Valley, Calif.
Yemaline Products Co. Inc. Wyckoff, N.T.

General Elect. Co, Minia~
ture Lamp Dept. Cleveland, Ohio
Nylomatic Corp. Norrisville, Pa.

RCH Supply Co, Verneon, Calif.
RAirco Speer Electronic Componeants
Bradiord, Pa.
*Hewlett-Packard Co. New Jersey Div.
Berkeley Heights, N.7J.
General Blect, Co. Semiconductor

Prod, Dept. Bufialo, N.Y.
General Elect. Co. Semiconductor
Prod. Dept. Auburn, N.7Y,

Newton, Mass.
Norwalk, Conn.

C & K Components Inc.
Burndy Corp,
Waagner Electric Corp.
Tung-Sol Div,

CTS of Berne, Inc.
Chicago Telephone of Cal. Inc,

So. Pasadena, Calif,
IRC Div. of TRW Inc, Bocone Plant

Bloomifield, N.7J.
Berne, Ind,

Boone, N.C.
General Instrument Corp
Rectifier Diwv. Newark, N.J.
Philadelphia Handle Co. Inc,
Camden, N.]J.
U. 8, Terminals, Inc, Cincinnati, Ohio
Hamlin Inc, Lake Mills, Wisconsin
Clarostat Mfg. Co. Inc, Dover, N, H.

Thermalloy Cp. Dallas, Texas
*Hewlett-Packard Co, Loveland Div.

Loveland, Coleo.
GCornell-Dubilier Electronics Div.
Federal Pacific Electric Co.
Newark, N.T.

Generzl Instrument Corp, Semicon-—
ducter Prod, Group Hicksville, N.Y.
Penwal Elect, Framingham, Mass.
Corning Glass Works, Electronic
Components Div, Raleigh, N.C.

, Palo Alto, California
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Table 6-3.
CODE
NO. MANUFACTURER ADDRESS
16758 | Delco Radio Div, of General Motors Corp.
Kokomo, Ind,
17545 { Atlantic Semiconductors, Inc.
Agbury 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.J.
18324 | Signetics Corp. Sunnyvale, Calif.
19215 | Bendix Corp. The Navigation and
Control Div, Teterboro, N.J,
19701 | Electra/Midland Corp.
Mineral Wells, Texas
21520 | Pansteel Metallurgical Corp.
No. Chicago, Ili,
22229 | Union Carbide Corp. Electronics Div.
Mountain View, Calif.
22753 | UID Electronics Corp, Hollywood, Fla.
23936 | Pamotor, Inc. Pampa, Texas
24446 | General Eleciric Co. Schenectady, N.Y.
24455 | General Electric Co. Lamp Div, of Con-
sumer Prod. Group
Nela Park, Cleveland, Ohio
24655 | General Radio Co. West Concord, Mass.
24581 |LIV Electrosystems Inc Memcor/Com-
ponents Operations Huntington, Ind.
26982 | Dynacoo! Mifg, Co. Inc. Saugerties, N.¥.
27014 | National Semiconductor Corp.
Santa Clara, Calif,
28480 | Hewlett—Packard Co. Palo Alto, Calif,
28520 | Heyman Mig, Co, Kenilworth, N.T.
28875 |IMC Magnetics Corp.
New Hampshire Diw, Reochester, N. H.
31514 |SAE Advance Packaging, Inc.
Santa Ana, Calif.
31827 | Budwig Mfg. Co. Ramona, Calif,
33173 |G.E. Co. Tube Dept. Owensbhoro, Ky.
35434 | Lectrohm, Inc, Chicago, I,
37942 [P. R Mallory & Co. Inc.
Indianapolis, Ind,
42190 |Muter Co, Chicago, Iil
43334 |New Departure~Hyatt Bearings Div,
General Motors Corp. Sandusky, Ohio
44655 | Ohmite Manufacturing Co. Skokie, Il
46384 |Penn Engr. and Mfg, Corp,
Doylestown, Pa,
47904 |Polarcid Corp. Cambridge, Mass,
49956 |Raytheon Co. Lexington, Mass,
55026 |Simpson Electric Co. Div. of American
Gage and Machine Co. Chicago, Il
56289 |S8prague Eleciric Co, North Adams, Mass.
58474 |Buperior Electric Co, Bristol, Conn.
58849 |8yntron v, of FMC Corp.
Homer City, Pa.
59730 |Thomas and Betts Co. Philadelphia, Pa.
61637 |Union Carbide Corp. New York, N.Y.
63743 |Ward Leonard Electric Co,

Mt., Vernon, N.Y.

*Jge CGode 71785 assigned to Cinch Mfg, Co., Chicago, Il

6-3

Code List of Manufacturers {Continued)

CODE
NO. MANUFACTURER ADDRESS
70563 | Amperite Co, Inc, Union City, N.T.
70901 | Beemer Engrg. Co. Fort Washington, Pa,
70803 | Belden Corp. Chicago, Il
71218 | Bud Radio, Inc. Willoughby, Ohio
71279 | Cambridge Thermionic Corp.
Cambridge, Mass,
71400 | Bussmann Mifg, Div. of McGraw &
Edison Co, St. Louis, Mo,
71450 | CTS Corp. Elkhart, Ind.
71468 | 1. T, T. Cannon Electric Inc.
Log Angeles, Calif,
71590 | Glebhe-Unicon Inc.
Centralal Div. Milwaukee, Wis,
71700 | General Cable Corp, Cornish
Wire Co, Div, ‘Williamstown, Mass.
71707 | Coto Ceil Co, Inc, Providence, R, I,
71744 | Chicago Miniature Lamp Works
Chicago, I1l.
71785 | Cinch Mfg. Co., and Howard
B. Joneg Div, Chicago, Il
71984 | Dow Corning Corp, Midland, Mich.
72136 | BElectro Motive Mig., Co, Inc.
Willimantic, Conn,
72619 | Dialight Corp. Brooklyn, N.7Y.
72699 | General Instrument Corp. Newark, N,TJ.
72765 | Drake Mifg. Co. Harwood Heights, 1ill,
72962 | Flastic Stop Nut Div, of
Amerace Esna Corp. Union, N.J.
72982 | Erie Technological Products Inc, Erie, Pa,
73096 | Hart Mfg, Co. Hartford, Conn,
73138 | Beckman Instruments Inc,
Helipot Div. Fullierton, Calif,
73168 | Fenwal, Inc, Ashland, Mass.
73293 | Hughes Aircraft Ceo, Eleciron
Dynamics Div, Torrance, Calif.
73445 | Amperex Electronic Corp.
Hicksville, N.Y.
73506 | Bradley Semiconductor Corp.
New Haven, Conn,
73558 | Carling Electric, Inc. Hartford, Conn,
73734 | Federal Screw Products, Inc,
Chicago, 11l
74193 | Heinemann Electric Co. Trenton, N.T.
74545 | Hubbell Harvey Inc, Bridgeport, Conn,
74868 | Amphencl Corp. Amphenol RF Div,
Danbury, Conn.
74870 | E. F. Johnson Co. Wageca, Minn,
75042 { IRC Div. of TEW, Inc, Philadelphia, Pa.
75183 { *Howard B. Jones Div. cof Cinch
Mig., Corp. New York, N.Y.
75376 | Kurz and Xasch, Inc, Dayton, Ohio
75382 | Kilka Electric Corp. Mt, Vernon, N.Y.
75915 | Littlefuse, Inc, Des Plaines, I\
76381 | Minnesota Mining and Mfg. Co,
§t. Paul, Minn,
76385 | Minor Rubber Co. Inc, Bloomfield, N.]J.
76487 |Tames Millen Mfg., Ce. Inc.
Malden, Mass.
76493 |7.W, Miiler Co. Compton, Calif.




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

CODE
NO. MANUFACTURER ADDRESS
76530 | Cinch City of Industry, Calif,
76854 | Oak Mfg., Co. Div. of Oak
Flectro/Netics Corp. Crystal Lake; Il
77068 | Bendix Corp., Electrodynamics Div.
No. Hollywood, Calif,
77122 | Palnut Co, Mountainside, N.T.
77147 | Patton-MacGuyer Co. Providence, R.L
77221 | Phaostron Instrument and Electronic Co.
South Pasadena, Calif,
77252 | Philadelphia Steel and Wire Carp.
Philadelphia, Pa.
77342 | American Machine and Foundry Co.
Potter and Brumfield Div. Princeton, Ind.
%7630 | TRW Electronic Components Div.
Camden, N.L.
77764 | Resistance Products Co. Harrisburg, Pa.
78189 | Illinois Tool Works Inc, Shakeproof Div.
Elgin, TIL.
78452 | Everlock Chicago, Inc. Chicago, Il
78488 | Stackpole Carbon Co. St. Marys, Pa,
78526 | Stanwyck Winding Div. San Fernande
Electric Mfg, Ceo, Inc. Newburgh, N.Y,
78553 | Tinnerman Products, Inc. Cleveland, OChio
78584 | Stewart Stamping Corp. Yonkers, N.Y.
79136 | Waldes Kohinoor, Inc. L.I.C., N.Y.
79307 | Whitehead Metals Inc. New York, N.Y.
75727 | Continental-wirt Electronics Corp.
Philadelphia, Pa.
79963 | Zierick Mig, Co. Mt, Kisco, N.Y,
80031 | Mepco Div. of Sessions Clock Co,
Morristown, N.T.
B0294| Bourns, Inc. Rivetside, Calif.
81042 | Howard Industries Div. of Msl Ind. Inc,
Racine, Wisc.
81073| Gravhill, Inc. La Grange, Il
81483 ] Iniernational Reciifier Corp.
! El Segundo, Calif,
81751 | Columbus Electronics Corp, Yonkers, N.Y.
82009 | Goodyear Sundries & Mechanical Co. Inc.
New York, N.Y.
82142 | Airco Speer Electronic Components
Du Bois, Pa.
822191 Sylvania Electric Preducts Inc.
Electronic Tube Div, Receiving
Tube Operaticns Emporium, Pa,
82389 | Switchcraft, Inc. Chicago, Il
82647 | Metals and Controls Inc. Control _
Products Group Attleboro, Mass,
g82866 | Research Precducts Corp. Madison, Wis,
82877 | Rotron Inc. Woodstock, N.Y.
82892 | Vector Electronic Co. Glendale, Calif.
83058 Carr Fastener Co. Cambridge, Mass.
83186 | Victory Engineering Corp.
Springfield, N.T.
83298 | Bendix Corp. Electric Power Div,
_ Eatontown, N.T.
83230 | Herman H. Smith, Inc. Brooklyn, N.Y.
83385 | Central Screw Co. Chicage, IIL
83501 | Gavitt Wire and Cable Div, of

Amerace Esna Corp. Brookfield, Mass.

CODE
NO. MANUTFACTURER ADDRESS
83508 | Grant Pulley and Hardware Co,
West Nyack, N.YV.
83554 | Burroughs Corp, Electronic
Components Div, Flainfield, N.J.
83835 | 1. 8. Radium Corp. Morristown, N,7J.
B3877 | Yardeny Laboratories, Inc.
New York, N.Y.
84171 | Arco Blectronics, Inc, Great Neck, N.Y,
84411 | TRW Capacitor Div. Ogallala, Neb.
B5684 | RCA Corp. Electronic Components
Harrison, N.J.
85838 Rummel Fibre Co. Newark, N.J.
87034 | Marco & OCak Industries a Div, of Oak
Electre/netics Corp. Anaheim, Calif,
87216 | Philce Corp. Lansdale Div. Lansdale, Pa.
87585 | Stockwell Rubber Co. Inc,
Philadelphia, Pa.
87928 | Tower-Olschan Corp, Bridgeport, Conmn.
88140 Cutler-Hammer Inc. Power Distribution
and Control Div, Lincoln Plant
Linceln, Ill,
88245 | Litton Precision Preducts Inc, USECO
Div. Litton Industries Van Nuys, Calif,
90634 | Gulton Industries Inc. Metuchen, N.]T.
90763 | United-Car Inc. Chicago, I11.
81345 | Miller Dial and Nameplate Ce,
El Monte, Calif,
g1418 | Radio Materials Co. Chicago, Il
91506 | Augat, Inc. Attleboro, Mass,
91637 | Dale Electronics, Inc. Columbus, Neb,
91662 | Elco Corp. Willow Grove, Pa,
91929 | Honeywell Inc, Div. Micre Switch
Freeport, Ili,
928251 Whitso, Inc, Schiller Pk., 111,
93332 | Sylvania Electric Prod. Inc. Semi-
conductor Prod. Div, ‘Wobum, Mass,
93410| Essex Wire Corp. Stemco ‘
Controls Div, Mansfield, Chioc
94144 | Raytheon Co, Components Div.
Ind., Components Oper. Quincy, Mass,
94154 Wagner Electric Corp.
Tung-Sol Div. Livingston, N.]J.
942221 Southco Inc, Lester, Pa.
852563] Leecrait Mig. Co. Inc. L.IL.C., N.Y.
65354 | Methode Mfg, Co. Relling Meadows, Ill,
95712 | Bendix Corp, Microwave
Devices Div, Franklin, Ind,
95987 ] Weckesser Co. Inc, Chicago, Il
96791 | Amphenc! Corp. Amphenol
Controls Diwv. Janesville, Wis,
974641 Industrial Retaining Ring Co.
Irvington, N.].
97702 | IMC Magneiics Corp. Eastem Div,
‘Westbury, N.Y.
88291 | Sesalectiro Corp. Mamarcneck, N, Y.
98410 | ETC Inc, Cleveland, Ohio
98978 | Intermational Electronic Research Corp.
Burbank, Calif,
99934 | Renbrandt, Inc. Bosicn, Mass,




Reference Mir, Part # Mir, @
Designator  Description Cuantity or Type Mir, Code Stock No. RS
Cl ixd, elect 4. 7pf 50vde 1 150D475%905082 Sprague 55289 0180-1731 1
C2,18 fxd, film . 01pf 200vdc 2 192P10382 Sprague 56289 0150-0161 1
C3 fxd, film 0, 1pf 200vde 1 192P10482 Sprague 56289 0150~-0168 1
Cc4,7, 8,

11,13,15,

17 NOT ASSIGNED - - : - - - -
(OF] faed, film , 001pf 200vde 1 182r10292 Sprague 56289 0160-0153 1
Ct fxd, elect 20pi 15vde 1 30D206G0L5RB4  Sprague  562E9 0180~-0300 1
Ca fxd, elect 4. 7pf 35vdce 1 HLAB 09182 0180-0100 1
C10 fxd, elect 100pf 50vde 1 HLAB 09182 0180-1852 1
cl12,20 fxd, elect 490uf 85vde 2 D38618 HIAB 09182 0180-1888 1
Cl4 fxd, elect 1600uf 85vde 1 HLAB 09182 0180-1986 1
Cls fxd, ceramic ., 05uf 500vdc 1 33C17A Sprague 56289 0150-0052 1
Ccls fxd, elect 15puf 50vde 1 150D156X0050B2 Sprague 56289 0180-1834 1
CR1-5,19,

20, 30,32 Rect. si, 200ma 200prv 250mw 9 HLAB 0e182 1801-0033 6
CR6-10, '

12-16, 21,

28,29, 31,

33 NOT ASSIGNED - - - - _ - -
CR11,18, 34 Rect. si. 3A 200prv 3 MR1032B Motorola 04713 1501-0416 3
CR17,22-27 Rect. si. 900ma 200prv 7 1N5058 G.E. 03508 1901-0327 6
DSl Lamp, neonpart of si, ass'y Ref HLAB 09182 2140-0244 1
F1 Fuse cartridge 2A @250V 3AG 1 3yz002 Littlefuse 75915 2110~0002 5
01,2,11 88 NPN diff. amp. si. 3 HLAB pe182 1854-0229 3

,5,8,10,
19,32, 14,15 S8 PNP si. 7 2N2907A Sprague 56289 1853-0089 G
. Power PNP si, 1 MJ 2268 Motorola 04713 1853-0063 1
Wal Wi Power NPN si, 2 HLAB 08182 1854~0225 2
p@lé, 16 88 NPN si. 2 4TX16A1014 G. E. 03508 1854~0071 2
Ql3 NOT ASSIGNED - - - - - -
Rl fxd, ww 1Xn £5% 3w 1 242E1025 Sprague 56289 0813-0001 1
R2, 22,23, '

86 fxd, met. film 6.2Kn 1% 1/Bw 4 Type CEA T-O IL.R.C. 07716 0698-5087 1
R3 fxd, met. film 15K~%1% 1/Bw 4 Type CEA T-0O LLR.C. 07716 0757-0446 1
R4, 64, 65 fxd, met. film 20Kn=1% 1/Bw 3 Type CEA T-0 I.R.C. 07716 0757-0448 1
R5, 26, 29,

76,77 fxd, met, film1.5%~21% /8w 5 Type CEA T-0 I.R.C. 07716 0757-0427 1
R6, 25 fxd, comp 360Kn 5% iw 2 EB-3645 A.B, 01121 0686-3645 1
R7 fxd, met. film 61.9K~x1% 1/8w 1 Type CEA T-O I,R. C. 07716 0757-0460 1
R8, 28 fxd, comp 560Kn £5% 4w 2 EB-5645 A.B, 01121 0686~5645 1
RS, 11,17,

27.32, 37,

48,55,78 NOT ASSIGNED - - - - - -
R10 var., ww DUAL 10X-100~ 1 HLAB 09122 2100-0987 1
R1Z fxd, ww 1.3Kn 5% 3w 1 242E1325 Sprague 56289 0811-1803 i
R13.18 fxd, comp SELECTED +5% 2 Type EB A, B. 01121 1
Rl4 ixd, comp 3. 3n 5% 1w 1 EB-0335 A, B. 01121 0686-0335 1
R15 fxd, comp 330Kn £5% 3w 2 EE-3345 01121 0886-3345 1
R16 var. - ww DUAL 800-10n 1 HLAE 09182 2100-0994 1
R18B fxd, ww 5Kn £5% 3w 1 242E5025 Sprague 56289 0811~-2188 1
R20 fxd, met, film 1Kn 1% 4w 1 Type CEB T-O LR C. 07716 0757~0338 1

62894 \1




Reference Mir. Part # Mi{r. @

| _Designator Description Quantity or Type Mir Code Stock No, RS
R21 fxd, comp 39n =5% $w 1 EB-3905 A, B, 01121 0686-3905 1
R24 fxd, met. film 4, 75K~ +1% VBw 1 Type CEA T-0O LR C. 07716 0757-0437 1
R30 var. ww 5Kn (Modify) 1 Type 110-TF4 C.T.8. 11236 2100-1824 1
R31 fxd, comp 1XKn 5% 3w 1 EB-1025 A, B. 01121 0686-1025 1
R33, 38 fxd, comp 10Kn £5% Lw 2 EB~1035 A, B. 01121 0686-1035 1
R34 fxd, comp 160n +5% 1w 1 EB-1615 A, B. 01121 068B-1615 1
R35 fxd, comp 200. £5% Lw 1 EB-2015 A, B, 01121 0686-2015 1
R36 fxd, ww 500n £5% 10w 1 HLAB 03182 0811-1909 1
R39 fxd, met, film1,21Kn£1% /8w 1 Type CEA T-O I.R. C. 07716 0757-0274 1
R40,57, 60,

52 fxd, met. film 900~ +1% 1/Bw 4 Type CEA T-O LR C. 07716 0757-1099 1
R41 fxd, comp 12K~ 5% %W 1 EB-1235 AL B, 01121 0G86-1235 1
R42 fud, comp 6.8Kn 5% +w 1 EB-6B25 A, B. 01121 0586-6825 1
R43 fxd, met, film 422, £1% +w 1 Type CEB T-0O LRC, 07716 0698-4590 1
R44 fxd, comp 47Kn £5% iw 1 EB-4735 A, B. 01121 0686-4735 . 1
R45 fxd, comp 5.1Kn +5% tw 1 EB-5125 A, B. 011721 0686-5125 1
R46 fxd, comp 100K~ 5% +w 1 EB-1045 A, B. 01121 D6B6~1045 1
R47 fxd, comp 470n 5% 1w 1 EB-4715 A B, 01121 06B6-4715 1
R49 fxd, ww 900n £5% 15w 1 HLAB 05182 0811-0957 1
R50 fxd, comp 10~ £5% tw 1 EB-1005 A, B, 01121 0686-1005 1
R51 fxd, comp 30Kn £5% 1w 1 EB-3035 A, B, 01121 0686-3035 1
R52 fxd, comp 22Kn £5% $w 1 EB-2235 A B. 01121 06B6~2235 1
R53 fxzd, comp 3Kn 5% +w 1 ER-3025 A, B. 01121 0686-3025 1
RS54 fxd, ww 0.66~C,T. £5% 20w 1 HLAB 08182 0811-1818 1
R56 var, ww 1K (Modify) 1 Type 110-F4 C.T.8. 11236 2100-0391 1
R58,59 fxd, met, film 100, %1% /8w 1 Type CEA T-O I.R. C. 07716 0757~0401 1
R61 fxd, met, film 47.5K £1% V/Bw 1 Type CEA.T-O LR C. 07716 . 0757-0457 1
R63 var. ww 10Kn 1 Type 110-F4 C.T.8. 11236 2100-03%6 1
R6G, 67 fxd, met, film 3.40Kn=1% 3w 2 Type CEB T-0O I.R. C. 07716 0698-4642 1
RE8, 69 fxd, met. film 365,+1% 2w 2 Type CEB T-0O LR C, 07716 0757=-0723 1
R70,71,75,

BS fxd, met. film 3Ka 1% /8w 4 - Type CEA T-0O I.R. C. 07716 D757-1083 1
R72 var, ww 250~ (Modify) 1 Type 110-F4 C.T.S 11236 2100-0439 1
R73 fxd, met. film 750n%1% 1/8w 1 Tvpe CEA T-O LR C. 07716 0757-0420 1
R74 fxd, met, film9,.09KA+1% 1/8w 1 Type CEA T-O LR C, 07716 0757 0288 1
REO fxd, comp 33Kn £5% 3w 1 EB-3335 A, B, 01121 0686-3335 1
R81-83 fxd, ww 120, £5% 75w 3 Type GBR-37 H.H, 73978 0811~1971 1
81 Switch-pilot 1t, (red)ON/Off -

SPDT 1 54-61681 26 A1H 0Oak 87034 3101-0100 1
582 Switch, meter 1 HLAB 09182 3100-1¢10 1
Tl Power transformer 1 HLAB 09182 9100-1838 1
VRZ Throde 2eel LRV MWy o
~WR1 Diode, zener 6. 2V  wwme——d J ECEINE21 N, A, Elect, 06486 1902~-0761 2
VR3 Diode, zener 4, 22V 400mw 1 HLAB 09182 1902-307G 1
AR4; 5 Diode, zener 4. 3V 1 watt 2 FCE EO0LLA. HLAB 09182 1902-0797 2
QOutrigger—-chassis 1 HIAB 09182 5000-6081
Brackei-transformer 1 HIAB 0gisz 5000-6083
Outrigger-cover 1 HII1AR 09182 5000-6077
Angle —guard 1 HILAB 09182 5020-5540
Cover 2 HIAB 09182 5000-6061
P. C. Board assembly
(includes Components} 1 HLAB 08182 06289~60021
Printed Circuit Board {blank) 1 HLAB 09182 5020-5598
Chassis assembly - right 1 HILAB 0g182 5060-6129
8289A




Reference Mfr. Part # Mir, @
Designator  Description Quantity or Type Mir, Code Stock No, RS
Chassis assembly - left 1 HIAB 09182 5060-6130
Panel ass'y - front 1 HLAR 09182 0628%~50001
Sink ass'y ~ heat 1 HLAB pel8z 5060-6128
5 Way binding post {maroon) 1 DF21 Mn HIAR pg182 1510-0040 1
5 Way binding post (black) 2 DF21B8C Superior 58474 1510-0039 1
Cable clamp 7 L D, 1 T4~4 ‘Whitehead 78307 1400-0330 1
Line cord plug PH151 7% ft, 1 KH-4096 Beldon 73903 8120-0050 1
8pacer - captive 2 HILAB 08182 0380-0742 1
Strain relief bushing 1 SR-5P-1 Hevco 28520 0400~0013 1
Knob 17/64 insert pointer 2 HIAB 08182 0370-0101 1
¥nob 3/16 insert ' 2 HILAB 03182 0370-0179 1
Barrier strip 1 HIAB 09182 0360-1234 1
Tumper 8 £22-13-11~013 Cinch 71785 0360-1143 2
Rubher humper 4 MB 50 Stockwell 87575 0403-0088 1
Knob 1 insert pointer 1 HLAB polgz 0370-0084 1
Fuse holder assembly 1 342014 Littlefuse 75915 1400-0084 1
Miga insulator 2 734 Reliance 085330 0340-0174 2
Meter 2" DUAL scale
0-50V 0-1, BA 1 HLAB pglg2 1120-1139 1
. Bezel 1/6 MOD 1 HIAB pglsz 4040-0295 1
Spring 4 HIAB 09182 1460~0720 1
Fastener 10 C8091-632-248 Tinnerman 89032 0510-0275 2
Insulator, transistor pin 4 HLAB 09182 0340-0166 4
Insulator 4 HIAB 09182 0340-0168 4
Rubber bumper 3 4072 Stockwell 87575 0403-~0086 1
62894
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APPENDIX A

Option 11, COvervoltage Protection "Crowbar"

DESCRIPTION:
This option is installed in DC Power Supplies, 6253A, G255A, 6281A, G2B84A, and 6288A, and tested

at the factory. It consists of a printed circuit board, screwdriver~type front panel potentiomeier,
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 trip voltage. The trip voltage is determined by the setting of the CROW-
BRAR ADJUST control on the front panel. The trip voltage range is as follows:

Model 62532 B6255A 6281A B2B4A G289A

Trip Veltage Range 2, 5-23V 2. 5=-44y 2, 5-10V 2.5-23v 2.5-44v

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 margin
represents 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 false
crowbar tripping, the irip voltage should exceed the desired output voltage by the following
amount: 4% of the output voltage plus 2V.

3. Slowly turn the CROWBAR ADJUST ccw uniil the crowbar trips, output goes to 0 Volt.

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

5. If the CROWEAR must be completely disabled, remove the lead attached to the CROWBAR ADTUST
potentiometer RS.



A-1, Replaceable Paris

REF. MFR, HP
DESIG. DESCRIPTION TQ | MFR. PARTNC. | cope | parr No, | RS
Cl1 fxd, elect 1pF 50Vdc 1 30D105GO50BAZ 56289 0180-0108 1
C2 fxd, mica 510pF 500Vde 1 | RCM15EE11T 04062 0140-0047 1
CR1-CR3 Diode, S5i, 200mA 200prv’ 3 09182 1901-0033 3
CRr4 BCR 7.4A 100prv 1 czoa 03508 1884-0031 1
Q1,2 88 NPN 8i. 2 2N3417 03508 1854-0087 2
R1 fxd, met, film 10~ £1% 1/8W 1 Type CEA T-C 07716 0757-0346 1
RZ fxd, comp 6.2Kn 5% 1W 1 (B~ 5225 01121 0689-6225 1
R3 fxd, met. film 1.21Xn £1% 1/8W 1 Type CEA T-C 07716 0757-0274 1
R4 fxd, met, film 7.5K~ £1% 1/BW 1 Type CEA T-O 07716 0757-0440 1
R5 var., ww 10K~ 5% 1 09182 2100-1854 1
RG fxd, ww 1Ka £5% 3W 1) 242E1025 56289 0813-0001 1
R7 fxd, comp 22. £5% 3 W 1 EB-2205 01121 0686-2205 1
RB fxd, met. film 196,+1% 1/BW 1 Type CEA T-O Q7716 0698-3440 1
Tl Transformer, Pulse 1 09182 5080-7122 1
VR1 Diode, zener 6,19V 5% 1 09182 1302-0049 1
VR2 Diode, zener 2,37V £5% 1 08182 1802-3002 1
MISCELLANEQUS
Heat Sink, CR4 1 08182 5000-6229
Insulator, CR4 1 08182 0340-0462 1
Mica Washer, CR4 1 039182 2180-~0709 1
Cable Clamp 1 T4-4 79307 1400-0330 1
Bushing, Potentiometer, R5 1 09182 1410-0052
Nut, Hex, R5 1 08182 2950-0034
Label, Information, (Crowbar Adj.) 1 08182 | 7124-0389
Printed Circuit Board Assembly, :
Includes Components 1 09182 5060-6176
Modified Front Panel, Includes
Components 1 09182 | 06289~60003
62894
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DC POWER SUPPLY

FROM INBQARD

SIDE OF R54
BIAS VOLTAGE FROM

COLLECTOR OF Q7
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Figure A-1,

Model 6255A and 6288A QOvervoltage Protection Crowbar

CIRCUIT PATENTS APPLIED FOR,LICENSE TO USE

PACKARD CO. HARRISON DIVISION.

MUST BE OBTAINED IN WRITING FROM HEWLETT-
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MANTUAL CHANGES

Model 6289A DC Power Supply
Manual HP Part No. 06289-30002

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

SERIAL MAKE

Prefix © Number CHANGES
7G .} 0776 = 0850 1

7G 0851 - 1150 1,2

7G 1151 - 1325 1,2,3
7G 1326 - 2150 1,2,3,4
ALL - Errata
7G 2151 - 2200 1thru 5
1A 2201 - 2250 1 thru 6
18 2251 - 2380 1 thru 7
1143A 2381 - up 1 thru 9

CHANGE 1:

In the Replaceable Parts Table, make the follow-
ing changes:
R35: Change ic fxd, comp 1204 5% W,
EB-1215, A, B., HP Part No. 0686-1215.
RE3: Change to var. ww 5Kn, Type 110-F4,
C.T.S., HP Part No, 2100-1824,

CHANGE 2:

In the Replaceable Parts Table, make the follow-
ing changes: '
R15: Change to fxd, comp 240Kn £5% 3W,
ER-2445, A, B,, HP Part No, 0686-2445,
R40: Deleie resistor R40,
R62: Change to fxd, met. film 750 1%, 1/8W,
CFEA T-0, IRC, HP Part No, 0757-0420,
R64, R65: Change to fxd, met, film 12K~ 1%,
1/8W, CEA T-0, IRC, HP Part No, 0698-5088,
VRG: Add new zener diode VR6, 4,22V 400mW,
08182, HP Part No, 1902-3070.

On the schematic at the rear of the manual, delete
R40 in the meter circuit and connect zener diode
VRE in its place, Cathode of VRG to +12.4V and
ancde to base of Q15.

CHANGE 3:

On the schematic, interchange positions of CUR-
RENT controls R16A and R16B., Top of R16B now
connected to terminal A3 and bottom of R18A con-
nected to terminal A1, Also, add new resistor
(R78, 100n, +5%, W)} between emitter of Q5 and
base of Q4.

CHANGE 4:

In the Replaceable Parts Table, change Q11 to
2N4045, Union Carbide, HP Part No, 1854~0221.

FRRATA:
On Page 3-2, reverse Figures 3-3 and 3-4.

On Page 3-5, in Figure 3-11, remove straps be-
tween + and 48, and between +8 and 210 terminals
on all slave supplies; connect A10 terminal to +
terminal on all glave supplies,

Q3,5,8,10,12,14,15: Change te 85 PNP 5i.,
9N?2907A, Sprague, HP Part No, 1853-0099.

On Page 5-16, in Paragraph 5-80, change Step (a)
to read: Connect test setup shown in Figure 5-4.

Add the following options to the Replaceable Parts
Table:
OPTION 07; 10-Turn Qutput Voltage Control
R10: var, ww L0Kn 5% (10 Turn) Qty. 1, HP
Part No. 2100-1866,
Knob, R10: Qty. 1, HP Part No, 0370-0137.

OPTION 08: 10-Turn Output Current Control
R16: var, ww 1Kn 5% (10 Tum) Qty. 1, HP
Part No, 2100-1864,
¥nob, R11: Qty. 1, HP Part No, 0370-0137,

OPTION 09: 10-Turn Cutput Voltage and Current
Controls

R10: var, ww 10K, 5% (10 Turn) Qty. 1, HP
Part No, 2100-18G6,

R16: wvar. ww 1Kq £5% (10 Turn) Qty. 1, HP
Part Ne, 2100-1864,

Knob, R10 and R16: Qty. 2, HP Part No.
0370-0137,

OPTION 13: 10-Turn Vcltage Conirol with
Dacadial
R10: wvar, ww 10K, 5% (10 Turn) Qty. 1, HP
Part No., 2100-1866, -
Decadial: Qty. 1, HP Part No. 1140-0020,

OPTION 14: 10-Turn Current Centrol with
Decadial
R16: var. ww 1K, 5% {10 Turn) Qty. 1, HP
Part No, 2100-1864,
Decadial: Qty. 1, HP Part No, 1140-0020.

OPTION 28: 230V Input
Fl: Fuse 1A, 250V, Qty. 1, 312,001, 75915,
HP Part No, 2110-0001.

On Page 3-5, in the top half of Figure 3-8, remove
the connection between {+) and (GND) on the slave
supply.

In the specifications table on Page 3-1, change the

‘cutput impedance specification to read:

4 millichms in series with 1 microhenry.




Manual Changes/Model 628894
Manual Serial Number Prefix 7G
Page -2~

CHANGE &:

In the Replaceable Parts Table, add Terminal Strip,
HP Part No. 0360-0417,

CHANGE 63

In the Replaceable Parts Table, change Switch 51
to HP Part No. 3101-1248.

CHANGE 7:
In the Replaceable Parts Table and on the sche-
matic, change power transformer Tl to HP Part No,
5080-7185,

CHANGE 8:

The Serial Prefix of this unit has been changed to
1143A, This is the only change.

» CHANGE 9:
In Appendix A, Option 11 Replacement Parts Table
A-1, change CR4 from IIP Part No. 1884-0031 to
1884-0032.

» ERRATA:
Change thr first sentence of paragraph 3-29 to

read: "The output current will be the programming
voltage divided by 0. 66 ohms. "

10/18/73



	HP6289A.p1-10 [10].pdf
	HP6289A.p11-20 [10].pdf
	HP6289A.p21-30 [10].pdf
	HP6289A.p31-40 [10].pdf
	HP6289A.p41-50 [10].pdf
	HP6289A.schematic [3].pdf
	HP6289A.changes [2].pdf

