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Figure 1-1. DC Power Supplv, Model 6253A
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MANUAL CHANGES
Model 6253A DC Power Supply
Manual HP Part No, 06253-90002

Make all corrections in the manual according to errata below, then check the following table for yvour power
supply serial number and enter any listed change (g} in the manual,

" Guard, Angle: Change gquantity from "1" to "2."
SERIAL MAKE
P fio I CHANGES On the schemgtic, connect new resistor BV 8 he~
tween Q5 lemitter) and Q4 (base).
8B 0346 ~ 0375 1
8R 0376 ~ 0473 1,2 CHANGE 3:
9A G476 - 1025 1,2,3.4 The Serial Number Prefix of the instrumesnt has been
ALL - - Errata . changed from "BB" to "9A."
GA 1326 - 1075 1,2,3,4,5
an V0785 - 1175 1,9,.3 4,5, 6 In the replaceable parts table, make the following
11404 1176 - 1625 1 thru 7 changes:
114048 1626 - 2035 I thru § Add: D51, Qv 1 {total Gty 2), Pilot Light, Naon,
£140A 2036 - up 1 thru 9 Sloan, HP Part No, 1450-0048,
Add: T1, Qivy 1 {total Qty 2), Tuse Cariridge,
2 amp, HP Part No, 2110-0002,
Qll: Change to 2N4045, Union Carbide, HP
Part No. 1834-0221,

Adds RBO, 33K, W, x5%, Qty 1 {total Qv 2),

CHANGE 1: HT Part No, 0686-3335,
The Serial Number Prefix of the instrument has been

i o . : On the schematic, in the input powsar area, show
changed from "7H" to "8B."

separate fuse, pilot Hghi, and resistor (RBO) for

In the replaceable parts table, delete 81 (switch/ the power transformer for each supply (h and B).

indicator, ON/oif) and replace with separate tog- Only the power~on switch (81) and the line cord

gle switch and pilot lHght as follows: are poW common to both supplies.  Input power
S1: Toggie switch, Carling, 110-72, HP Parg circuit now appears as shown balow,

No. 3101-1055,

DS1: Pilot Light, Neon, 59%-124, Drake, HF CHANGE 4:

Part No. 1450-0048. In the replaceable parts list, make the following
Rectifier Heat Sink: Delete 2 rectifier heat changes:

sinks {HP Part No, 5000-6084} from parts list, 41: Change to HP Part No. 3101-1061.

Schematic connections to the new switch and Terminal Strip: Add, HP Part No. 0360-0417
pilot light remain the same except that the two .
are phveically separate. ERRATA:

ANGE 2 In the replaceabte parts table make the following
CGHANGE 2t

change:
In the replaceable parts table make the following Options 08, 09, and 14: Change the HP Part No,
changes: of the 10-turn current notentiometer to 2100~
R78: Add new resistor R78, fxd, comp 100n, 2029,

lw, FB-1015%, A, B,, HP Part No, 0686~

Option 28: Add; 1A, 250V fusc for 230V input;
Quantity 2; Mir, Part No, 312,001; Mfr, Little-

70 T4 fuse; Mir. Code 75915; HP Part No, 2116~0001;
FOR surey @ :
RS 10,
7/
1 O3,5,8,10,12, 14,15 Change to 38 PNP 5i.,

ANZ2G074, Sprague, HT Pary No. 1853-0094%,

On Page 3-5%, Figure 3-11, remove straps between
A10 and +8 and +§ and + terminals on all "slave”
supplies, Connect ALY {0 4 terminal on all

: "slaves.”

“l CHANCGE 5
.y In the navts table and on the schematic make the
ey Tollowing change:
C21: Add new capacitor, C21, 0.1uF, 30V, HP
= =y Part Mo, 0150-0121. <21 is connecied be-
s_»{o\\\ ‘ Qi’fn o 70 T/ o ween emitter and basze of driver (04 and helps
ol surfly '8

prevent oscillation of the supply.
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Marnual Changes/Model 62534
DC Power Supply/Manual HP Part No. 06253-90002
Page «2-

CHANGE 6
In the repiaceable parts table and on the schematic

change power transformer T1 to HP Part No. 5080~
7184,

CHANGE 7

The Serial Prefix of this unit has been changed to
L1408, This iz the only change.

CHANGE §:

In the replaceable parts list, delete the two trans-—
former brackets:

HP Part No. 5000-6087 and 5000-6183; and add
these three transformer brackets: HP Part No,
S000-9398, 5000-839%, and 5000-6083 {one of
aach).

ERRATA:

in Table 1-1 under REMOTE PROGRAMMING speci-
fication, change second sentence to read: "In
congtant current made of operation, the current
can be remotely programmed at approximately 500~
ohims per ampere £ 0%".

In Table 1-1, change the INTERNATL IMPEDANCE AS
A CONSTANT VOLTAGE SOURCE {Output Impedance
specification to read:
OUTPUT IMPEDANCE (TYPICAL): Approximated
by & 4 milliohm resistance in series with a |
microhenry inductance,

In parts list and on schematic, change R!2 to
14K, 5%, 3W, 30ppm 0811-1804.

The standard colors for this instrument are now
mint gray (for front panel} and olive gray (for all
other external surfaces). Option X95 cdesignates
use of the former color scheme of Hght gray and
blue gray. OptionA85 designates use of a light
gray front panel with olive gray used for all other
external surfaces. New part numbers are shown
below.

ERRATA:

Effective January Taf, 1977, Option 007 {10-turn
voltage control) and 008 (1 0-turn current control)
are no longer available individually, but they are
still available combined as Option 009. Likewise,
Options 013 {10~turn voltage control with decadial}
and 014 (10-turn current control with decadial) are
no longer available indlvidually, but they are
avallable combined into a single new option desig-
nated Option 015. Make these changes wherever
Option 007, 008, 013 or 014 is mentioned in the
manual,

The front panel binding posts have been changed
to a type with better designed insulation. Delete
the two tvpes of posts listed on page 6-7 of the
parts list and add: black binding post, HP Part No.
1510-0114 {gty. 4); and red binding post, HP Part
No. 1510-0115 {gtv. 2).

Change the part number of pilot light DS1 to 1450~
0566. This new light is more reliable than the
former one.

The blue~gray meter bezel has been replaced by

a black one, HP Part No. 4040-0414,

CHANGE 9:

This change deletes capacitor €21, which was
added by Change 5.

b6-6-77

DESCRIPTION
STANIDARD

Front Panel, Letlered 362563-60004

Heat Sink 5060-7967
Chassis, Right Side 5060-7853
Chagsgis, Left Side 5060-7954
Cover 5000-9428

HP PART NUMBER
OPTION ABS OPTION X85
06253-60001 s
e 5060-6128
e 5060-6129
A 5060-6130
B 5000-6089
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SECTION I
GENERAL INFORMATION

1-1  DESCRIPTION

1-2 This power supply, Figure 1-1, is completely
transistorized and suitable for either rack or bench
operation. It ig a dual supply consisting of two in-
dependently controlled sections; both identical to
each other, Fach gsection is a well-regulated, Con-
stant Voltage/Constant Current source that will
furnish full rated cutput voltage at the maximum
rated outputcurrent or can be continuously adjusted
throughout either output range. The front panel
CURRENT controls can be usedto establishthe out-
put current limit {overload or short ¢ircuit) when the
supply is used as a constant voltage source andthe
VOLTAGE control(s) can be used to estakblish the
voltage limit {celling) when the supply is used as
a constant current source. FBach section will auto-
matically crossover from constant voltage to con-
stant current operation and vice versa if the cutput
current or voltage exceeds these preset limits,

1-3 Each supply has bothfront and rear terminals,
Either the positive or negative outputl terminal may
be grounded or the power supply can be operated

floating atup to a maximum of 300 volts off ground,

1-4 Each section has its own front panel meter

and operating controls. The meters are of the mul-
tiple range type and can measure output voltage or
current. The voltage or currentranges are selected
by the applicable METER switch on the front panel.

1-5 Tweo sets of programming terminals located at
the rear of the unit allow ease in adapting to the
many operational capabilities of the power supply.
A brief description of these capabilities is given
below:
a, Remote Programming
The power supply may be programmed
from a remote location by means of an external
voltage source or resistance,
b, Remote Sansing
The degradation in regulation which
would ocour atthe load because of the voltage drop
in the load leads can be reduced by using the power

www.valuetronics.com

supply in the remote sansing mode of operation.

¢. Series and Auto-Series Operation
Power supplies may be used in series
when a higher output voltage is required in the
voltage mode of operation or when greater voliage
compliance is required inthe constant current mode
of operation, Auto-Series operation permits one
knob control of the total outpui voltage from a
"master" supply.

d, Paraliel and Auto-Parallel Operation
The power supply may be operated in
parallelwith a similar unit when greater outpul cur-
rent capability is required, Auto-Paralleloperation
permits one knob contrelof the total output current
from a "master" supply.

e, Auto~Tracking
The power supply may be used as a
“master" supply, having controlover one (or more}
“"glave" supplies that furnish various voltages for
a sysiem,

1-6 SPECIFICATIONS

1-7 Detailed specificationsior the power supply
are given in Table 1-1,

NOTE
Since both sections of this supply
are identical, only one section will
be discussed throughout the remain-
ing portions of this manual, All
descriptions, illustrations, tests,
and adjustments apply sgually to
both sections of the supply.
1-8  OPTIONS
1-9 Optiong arefactory modifications of a stand~
ard instrument that are requested by the customer.
The following options are available for the instru-
ment covered by this manual., Where necassary,
detailed coverage of the options is included through-
out the manual,



Option No.

Option No.

DResgcription

07

08

09

10

11

Voltage 10-Turn Pot: A single con- 13
trol that replaces both coarse and fine
voltage controls and improves output
settability. Standard item on Model
6258A power supplies.
14
Current 10-Turn Pot: A single con-
trol that replaces both coarse and fine
current controls and improves output
settability.
Z28
Voltage and Current 10-Turn Pot:
Consists of Options 07 and 08 on the
same instrument.

Chassis Slides: Enables convenient
access to power supply interior for

Description

Three Digit Graduated Decadial Volt-
age Control: Control that replaces
coarse and fine voltage controls per-
mitting accurate resettability.

Three Digit Graduated Decadial Cur-
rent Control: Control that replaces
coarse and line current controls per-
mitting accurate resettability.

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

1-10 INSTRUMENT IDENTIFICATION

maintenance purposes.

Iinternal Overvoltage Protection
"Crowbars™: This option includes
two crowbar circuits, one for each
power supply within the 62534 or
or 52535A, Each crowbar protects
delicate loads by monitoring the out-
put voltage and firing an SCR that
shorts the output when the preset
trip voltage is exceeded, The circuit
boards are factory installed within

1-11 Hewlett~Packard power supplies are identified
by a three-part serial number tag. The first part is
the power supply model number. The second part ig
the serial number prefix, which consists of a num=~
ber-letter combination that denotes the date of a
significant design change. The number degignates
the year, and the letter A through 1 designates the
month, January through December, respectively. The
third part ig the power supply serial number.

the supply,

ment,
Trip Yoltage Range:

6253A 6255A

The "Crowbar Adjust”
controls are mountad on the front
panel to permit convenient adjust-

2.5 10 23V 2.5 to 44V

Trip Voltage Margin: The minimum
crowhar irip setting above the desired
oparating output volitage to prevent
false crowbar tripping is 4% of tha

output veltage setting +2V.

Refer to Appendix A for complete

details.

www.valuetronics.com

1-2

1-12 If the serial number prefix on YOUr power sup-
ply does not agree with the prefix on the *itie page
of this manual. change sheets are included to up~
date the manual. Where applicable, backdating
information is given in an appendix at the rear of
the manual.

1-13 ORDERING ADDITIONAL MANUALS

i-14 One manual is shipped with each power sup-
ply. Additional manuals may be purchased from
your local Hewlett~Packard field office {see list at
rear of this manual for addresses). Specify the
model number, serial number prefix, ‘and % stock
number provided on the title page.



Taple 1-1,

Specifications

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

OUTPUT:
- Two independent outputs each of which can
ba set at 0-20 volts @ 3 amps.

LCAD REGULATION:

Constant Voltage - Less than 0.01% plus
4mv for a full load to no load change in output
current,

Constant Current -— Less than 0. 01% plus
250ua for a zero fo maximum change in output
voltage.

LINE REGULATION:

Constant Yoltage —- Less than 0. 01% plus
2mv for any line voltage change within the input
rating.

Constant Current == Less than 0.01% plus
250pa for any line voltage change within the in-
put rating.

RIPPLE AND NOISE:
Constant Voltage —- Less than 200wv rms.
Constant Current == Less than 2 ma rms.

TEMPERATURE RANGES:
Operating: 0to 509C. Storage: - 20 to +85°C.

TEMPERATURE COEFFICIENT:

Constant Voltage -~ Less than 0. 02% plus
500uv per degree Centigrade.

Constant Current -~ Legs than 6. 02% plus
1.5ma per degree Centigrade.

STABILITY:

Constant Voltage —-- Less than 0.10% plus
Z2.5mv total drift for 8 hours after an initial warm-
up time of 30 minutes at constant ambient, con-
stant line voltage. and constant load.

Constant Current -~ Less than 0. 10% plus
7.5ma total drift for 8 hours afteran initial warm-up
time of 30 minutes at constant ambient, constant
line voltage, and constant load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE:
Less than 0. 01 ohm from DC to 100 cps.
Less than 0.01 ohm from 100 ¢ps to 1Kc.
Less than 0.2 ohm from 1 K¢ to 100Ke.
Less than 2.0 ohms from 100 Kc to 1 Mc.

TRANSIENT RECOVERY TIME:

Tess than 50usec for output recovery to within
15 mv following a full load current change in the
output.

CVERLCAD PROTECTION:

A continuously acting constant current circuit
protects the power supply for all overloads in-
cluding a direct short placed acresg the termi-
nals in constant voltags operaticen. The constant
voltage circuit limits the output voliage in the
constant current mode of operation.

METERS:

Fach front panel meter can be used as either a
0-24Y or 0~2.4voltvoltmeteroras a 0-4A or (0-0. 4
amp ammeter.

QUIPUT CONTROLS:

Coarse and fine voltage controls and coarse
and fine cuwrrent controls setdesired outputvoltage
or current.

CUTPUT TERMINALS;

Six “five-way" output posts (three per section)
are provided on the front panel and output terminal
strips are located on the rear of the chassis. Al
power supply. output terminals are isclated ifrom
the chassis and either the positive or negative
terminals may be connacted to the chassis
through & separate ground terminal located on the
cutput terminal strip.

ERROR SENSING:

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

REMOTE PROGRAMMING:

Remote programming of the supply outputat ap-
proximately 200 ohmns per voltin constantvoltage
is made available atthe rear terminals. In con-
stant current mode of operation, the current can be
remotely programmed atapproximately 200 ohms
per ampera.

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

SIZE:;
3-1/2" Hx 14-1/2" D x 19" W. Easily rack
mounted in & standard 19" relay rack.

WEIGHT:
28 1lbs. net, 35 1bs. shipping.

FINISH:
Light gray front panel with dark gray case.

POWER CORD:
A three-wire, {ive~foot power cord is provided
with each unif.
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SECTICN I1I
INSTALLATION

2=1 INITIAL INSPECTION

2-2 Before shipment, this instrument was inspec-
ted and found to be free of mechanical and electri-
cal defects. As soon as the instrument is un-
packed, inspect for any damage that may have oc¢-
curred in transit. Save all packing materials until
the inspection is completed. If damage is found,
proceed as described in the Claim for Damage in
Shipment section 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 meter is not scratched or cracked.
2-5 ELECTRICAL CHECK

2-8 The ingstrument should be checked against its
electrical specifications. Section V includes an
Hinw-cabinet" performance check to verify proper
instrument operation.

2-7 INSTALLATION DATA

2-8 The instrument is shipped ready for bench
operation. It is necessary only o connect the
instrument to a source of power and it is ready for
operation.

2-9 LOCATION

2-10 This instrument is air cooled. Suificient
space should be allotted so that a free flow of
cooling air can reach the sides and rear of the
instrument when it is in operation. It should be
used in an area where the ambient temperature does
not exceed 50°C0.

2-11 RACK MOUNTING
2-12 This instrument is full rack size and can be
easily rack mounted in a conventional 19 inch rack

panel using standard mounting screws.

2-13 INPUT POWER REQUIREMENTS

2-14 This power supply mav be operated from

www.valuetronics.com

either a nominal 115 volt or 230 volt 50-400 cycle

power source. The unit,

tory, is wired for 115 volt operation.

as shipped from the fac-
The input

power required when operated from a 115 volt 60
cycle power source at full lead is 235 watts and

Z. 6 amperes,

2-15 CONNECTIONS FOR 230 VOLT OPERATION

(Figure 2-1}

=t
)

Si

FUSE
/115V

TRANSFORMER PRIMARY
CONNECTED FOR
{I5VOLT OPERATION

&l
D)

®

TRANSFORMER PRIMARY
CONNECTED FOR
230 VOLT OPERATION

-

||| worE: connecTions peTweeN
50 &SI, 54 8 55, ARE MADE
WITH COPPER ON THE PRINTED
[l| circurT Boaro, THESE
CONNECTIONS MUST BE
[} REMOVED FOR 230V
OPERATION. THE CONNECTIONS
|1l on TeE PRINTED CiRCUIT
BOARD. MUST BE BROKEN AND
[I| A SEPARATE EXTERNAL
||| SONNECTION Maoe b TweEN
POINTS 5O & 55

Figure 2-1.

Primary Connections

2=~18 Normally, the two primarv windings of the in-
put transformer are connected in paraliel for opera-
ticn from 1135 volt scurce. To convert the power
supply to operation from a 230 volt source, the
power transformer windings are connected in series
ag follows:



a. Unplug the line cord and remove the
unit covers.

b. Break the copper between 54 and 55 and
also between 50 and 51 on the printed circuit
board. These are shown in Flgure 2-1, and are
labeled on copper side of printed circuit board.

c. Add strap between 50 and 55.

d. Replace existing fuse with 2 ampere,
230 volt fuse. Return unit to case and operate
normally.

2-17 POWER CABLE

2-18 To protect operating personnel, the National
Electrical Manufacturers Association (NEMA) rec-
ommends 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 receptacle, the in-
strument is grounded. The offget pin on the power

www.valuetronics.com

2-2

cable three-~prong connector is the ground connec-
tion. )

2-19 To preserve the protection fsature when
operating the ingtrument from a two-contact outlet,
use a three-prong to two-prong adapter and con-
nect the green lead on the adapter to ground.

2-20 REPACKAGING FOR SHIPMENT

2-21 To insure safe shipment of the instrument,
it is recommended that the package designed for
the instrument be used. The original packaging
material is reusable. If it is not available. con-
tact your local Hewlett-Packard field office to
obtain the materials., This office will also furnish
the address of the nearest service office to which
the instrument can be shipped. Be sure to attach
a tag to the instrument which specifies the owner,
model number, full serial number, and service re-~
quired, or a brief description of the trouble.




SECTION III
OPERATING INSTRUCTIONS

3-1 QOPERATING CONTROLS AND INDICATORS

3~Z The front panel controis and indicators, to-
gether with the normal turn-on sequence, are
shown in Figure 3-1.

HARRISON DL POWER SUPRLY
HEWLEY T OaCRARD

iy

LANE METLR
PUSH ONASFF VDL TALE CURRLNT Wb

Fi %@@@ 8

SRS

TURN-ON SEQUENGCE

i. PUSH ONJOFF BUTTON AND BUTTON SHOULD LIGHT.
2. SEY METER $WITCH TO DESIRED VOLTAGE RANGE.

3, ADNUST VOLTAGE CONTROL UNTIL DESIRED QUTPUT VOLTAGE
15 INDICATED ON METER.

4. SET METER $WITCH DESIRED CURRENT RANGE AND SHORT CIR-
CUIT OUTPUT TERMINALS,

3. ADJUST CURRENT CONTROLS FOR DESIRED QUTPUT CURRENT.

8. REMOVE SHORT AND CONNECT LOAD TO OWIPUT TERMINALS{FRONT
OR REAR}.

Figure 3-1. Front Panel Controls and Indicators

3-3 OPERATING MODES

3~4 The power supply isdesigned so that its mode
of operation can be selected by making strapping
connections between particular terminals on the
terminal sirip at the rear of the power supply. The
terminal designations are stenciled in white on the
power supply above thelr respective terminals, Al-
though the strapping patterns illustrated in this
section show the positive terminal grounded, the
operator can ground either terminal or operate the
power supply up to 300Vde 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-
ply Eandbook.which may be obtained from vour
local Hewlett~-Packard field sales office.

3-1
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3-5 NORMAL QPERATING MODE

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

Al A2 A3 A4 AS A6 AT A8 A9 -5 = GND + r‘i

elelelg f@l‘?\}_}%&%@&%\l_}@!@i@f

Ry

MONITORING
POINTS

Figure 3-2. Normal Strapping Pattern

3~7 CONSTANT VOLTAGE

3-8 To select a constant voltage output, proceed
as follows:

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

b. Short output terminals and adjust CUR-
RENT controls for maximum output current allowable
{ourrent limit), as determined by load conditions.

If & load change causes the current limit to be ex-
ceeded. the power supply will automatically cross-
over to constant current output at the preset current
limit and the output voltage will drop proportionate-
ly. In setting the current limit, allowance must be
made for high peak current which can cause un-
wanted cross-over, (Refer to Paragraph 3-46.)

3-9  CONSTANT CURRENT

3-10 To select a constant current output, proceesd
as follows:

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

b, Open cutput terminals and adjust VOLTAGE
control s for maximum output voltage allowable (volt-
age limit), as determined by load conditions. If a



load change causes the voltage limit to be exceeded,
the power supply will autometically crossover to
constant voltage cutput at the preset voltage limit
and the output cwrrent will drop proporticonately. In
setting 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 Each load should be connected to the power
supply output terminals using separate pairs of con-
necting wires, This will minimize mutual ¢coupling
effects 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 twisted or shielded to reduce noise
plckup. (If shield is used, connect one end to
power supply ground terminal and leave the other
end unconneciad, )

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

3-14 OPERATION OF SUPPLY BEYCNDRATED OUTPUT

3-15 The shaded area on the front panel meter face
indicates the amount of output voltage or current
thatis available in excess of the normal rated out~
put, Althoughthe 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, CONSTANT VOLTAGE

3-18 The constantveltage outputof the power sup=-
ply can be programmed (controlled) from a remote
iocation if required, Either a resgistance or voliage
source ¢an be used for the programming device,
The wires connecting the programming terminals of
the supplyto 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 (Figure 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, 52554, 62814, 62844, and
£2894 or 300 ohms per Volt for Models 62344 and

3-2
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6299A). The output voltage will increase 1 Volt for
each 200 ohms {or 300 ohms) added in series with
the programming terminals., The programming coeffi-
cient is determined by the programming current. This
current is factory adjusted toc within 2% of 5mA for
Models 6253A, 62554, 62814, 62844, and 62894 or
2% of 3.3mA for Models 62344 and 62984, If greater
programming accuracy isrequired, it may be achieved
by changing resistor R13.

A AP A3 A4 AS AE A7 A8 A9 -8 — GND + +5 AW

lelelzlglpiglplelglz 2l2lolzle)

PROGRAMMING Ry
RESISTOR

FPigure 3-3., Remote Resistance Programming

{Constant Veltage)

3-20 The output voltage of the power supply should
be zero Volts £20 millivolis 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 R8 as described
in Paragraph 5~59,

3-21 To maintainthe stability andtemperature co-
efficient of the power supply, use programming
resistors that have stable, low noise, and low
temperature {less than 30 ppm per degree Centi~
grade) characterisiics, A switch can be used in
conjunction with various resistance values in order
1o obtain discrete outputvoliages., The switch
should have make~before~break contacis 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

AlAZ AZ A4 AB AE AT A8 A9 -8 - GND + +3 /10

lelelglglololelelq]

Rx
REFERENCE L Ry
VOLTAGE T
Figure 3-4. Remote Voltage 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 (RX) for the
programming voltage source should be approximately
500 ohms to mpintain the temperature and stability
specifications of the power supply.

3~24 REMOTE PROGRAMMING, CONSTANT
CURRENT

3-25 Either & resistance or a voltage source can be
used to control the constant current output of the
supply., The CURRENT controls on the front panel
arae disabled according to the following procedures.

3-26 Resistance Programming (Figure 3-5). In this
mode, the cutput current varies at a rate determined
by the programming coefficient — 200 ohms per Amp
for Model 6281A, 500 ohms per Ampere for Models
6253A, 6255A, 6284A, and 628394, and 1000 ohms per
Ampere for Models 6294A and 62992, The program-
ming coefficient is determined by the Constant Cur-
rent programming current (ZmA for Models 62534;
5255h, 62844, and 62894, 5mA for Model 62814, Ima
for Model 82944 and 1.33mA for Model 62994). 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
Saction V.

At A2 A3 A4 A5 AB AT AB A9 -S —~ GND + +5 AID

9lelelzlelzlglelelzlelglalalo]

d LY | N W

PROGRAMMING RL
RESISTOR
Figure 3-5. Remote Resistance Programming

{Constant Current)

3-27 Use stable, low noise, low temperature coef-
ficient {less than 30ppm/OC) programming resistors
to maintain the power supply temperature coefficient
and stability specifications. A switch may be used
to set discrete values of cutput current. A make-
before-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.

3-3
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CAUTION-

If the programming terminals (A1 and A5)
should open at any time during this
mode, the output current will rige o a
value that may damage the power sup-
ply and/or the load. To avoid this
posgibility, connect & resistor across
the programming terminsls having the
value listed below. Like the program-
ming resistor, this resistor should be
of the low noise, low temperature coef
ficient type.

Model 62537, 62847 62554, 6289A, 52994
Resistance 1.5Kn 750A

Model 62814, 6294A
Resgistance 1A

3~28 Voliage Programming {Figure 3-8). 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 resuit in excessive power
digsipation in the instrument and possible damage.

At A2 AS A4 AS A5 AT A8 AS -5 — GND 4+ +5 AID

[plelelglolelalplclglelelglalo)

Ry
§| AN b e
REFERENCE Re
VOLTAGE
Figure 3-6. Remote Voltage Programming

{Constant Current)

3-2% The output current will be the programming
voltage divided by 1 chm. The current required

from the voltage source will be less than 25 micro-
amperes. The impedance matching resistor (Ry)
should be approximately 500 chms if the temperature
coefficient and stability specifications of the pPOWEr
supply are to be maintained.

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

3-31 Remote sensing is used to maintain good regu-
iation &t the load and reduce the degradation of reg-
ulation which would occur due to the volitage drop

in the leads between the power supply and the load.
Remote sensing is accomplished by utilizing the
strapping pattern shown in Figure 3~7, The power
supply should be turned off before changing strap-



ping patterns. The leads from the +S terminals to
the load 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.

e B UTIO N

Observe polarity when connecting the
sensing leads to the load.

or more power supplies can be operated in series to
obtain a higher voliage than that available from a
single supply. When this connection is used, the
output voltage ig the sum of the voltages of the in-
dividual supplies. Tach 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 partner(s) is on.

Al AZ A3 A4 A5 A6 A7 AG AT -5

lelelqlglgl]lale

= GND + 5 A0

2l9l2ig9/0]0]

G § B W W

~
1
1

i
|
[w=2T

Figure 3-7. Remote Sensing

3-32 Note that it is desirable to minimize the drop
in the leoad leads and it is recommended that the
drop not exceed 1 Volt per lead if the power supply
is to meet its d¢ specifications. If a larger drop
must be tolerated, please consult a Hewlett~Packard
field representative,

NOTE

Due to the voltage drop in the load
leads, it may be necessary to 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 load, If a low ac
impedance is required, it ig recommended that the
following precautions be taken:

a. Disconnect ocuiput capacitor C20 by dis-
cennecting the strap between A9 and ~S.

b. Connect a capacitor 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
that it is possible to operate a power supply simul-
tanecusly in the remote sensing and Constant Volt-
age/Congtant Current remote programming modes.

3-35 SERIES CPERATION

3-36 Normal Series Connections {Figure 3-8). Two
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Al A2 A3 A4 AS AE AT A8 A% —S — OND + +5 AID
1%

LOAD
N 1019 %]
Al AZ A3 A4 A5 AB AT A8 AY -5 — GND + +5 A
Figure 3~8. Normal Series Connections

3-37 Auto-Series Connections (Figure 3-9). The
Auto-Serles configuration is used when it is desir-
able to have the output voltage of sach of the series
connected suppiies vary in accordance with the
setting of a contro} unit. The control unit is called
the master; the controlied units are called slaves.
Al maximum output voltage, the voliage of the
slaves is determined by the setting of the front
panel VOILTACE control on the master. The master
supply must be the most positive supply of the
series, The output CURRENT controls of all series
units are operative and the current limit is egual to

the lowest control setting., If any output CURRENT
controls are set too low, automatic crossover to

constant current operation will occur and the out-
puf voltage will drop. Remote sensing and pro-
gramming ¢an 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~

tent and stability specifications of the power supply.
the external resistors (Rx) shown in Figure 3-9 .
should be stable, low noise, low temperature co-
efficient {less than 30 ppm per degree Centigrade)
resistors. The value of each resistor is dependant
on the maximum voltage rating of the "master” sup-
plv. The value of Rx 15 this voltage divided by the
voltage programming current of the slave supply
{1/Kp where Kp 18 the vollage programming coeaf-
ficient). The voltage contribution of the slave is
determined by its voltage control setting.



Al_AZ A5 A4 A5 A6 AT AB AG -5 - GND + +5 A0 Al A2 AS A4 AB A6 AT AB A9 -5 -~ GND + +5 A0
T

elelelglelalrlplalglolelz]zlp] elelglglelzigleiclalplelz] o]
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MASTER

R
[ ATV

BRI RS

Al AZ AT A4 AS A8 AT AB AT -5 -~ GND + +5 A0

Ry LOAD

LA A3 A4 AD AS AT AB/AY -3 - GN +)+S 430 Figure 3-10, Normal Parallel Connections

g 2RIz plsle lelalflelrIRl2]

SLAVE

voltage 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.

Al Ap A3 A4 AB AB A7 AB AR -S — GND + +5 AIQ

elelqlzlelalglelaleleiglglzle]

glelglglel¢lrlzlglalelqlelzlp]
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AL A2 A3 A4 AS AB A?\aa A9 -5 GNy+/+5 AlD Al A2 A3§A4 AS[Abj;A?g.QB A3 -5 -l GND +/:é\A\®O
7/stave v plelgiglolzlelolclz[¢leldo]e]

SLAVE

SN [2le]elglel2lal2l2lz]2l2 alp o]
W) LA W )

|
BRI ARERY S
A A2 A3 A4 RS AE ATNAB 4% -8 —N\GND + /+S AID .
SLAVE NO.2 n—k/%%}w
Figure 3-9. Buto-Series, Two and Three Units / r ’3 ‘1-
[¢lelelalglel2lelelglplelol]e]
| - vivd | —
3-39 PARALLEL CPERATION SLAVE NO.|
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 than r"\ - A T o
that available from one power supply. The total [éi I & E@ié]@f E%!@ECZE ‘ IP?!
output current is the sum of the output currents of At AZ A3 A4 A5 AB AT A8 A% -% — GNP + 810
the individual power supplies, The outpui CURRENT SLAVE NO.2

contrals of each power supply can be separately
set. The cutput voltage controls of one power sup-
ply should be set to the desired output voltage:
the other power supply should be set for & slightly

Figure 3-11. Auto-Parallel, Two and Three Units

larger output voltage. The supply set to the lower 3-41 Auto-Parsllel. The strapping patterns for

output voltage will act as a constant voltage Auto-Parallel operation of two power supplies are

source; the supply set to the higher output will act shown in Figure 3-11. Auto-~Paraliel operation

a8 a constant current source, dropping its output permits equal current sharing under all load con~
3-5
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ditions, and allows complete control of output cur-
rent from one master power supply. The output cur—
rent of each slave will be approximately equal to
the master's regardless of the load conditions.
Because the output current controls of each slave
are operative, they should be set to maximum to
aveid having the slave revert to constant current
operation; this would occur if the master ouiput
current setting exceeded the slave's.

Al A2 A3 A4 A5 AG A7 A8 A9 ~S — GND + +5 AIO
T

©© |

Rxg LOAD

F s WY . WY i,

fam W

BEEREERBER

A1 AZ A% A4 AS A6 ATNAS AT -5 - GND +/+5 A0
SLAVE

leleigiglellrlolalalglele lp)

MASTER

L0AD
b AAAA

LOAD

BEEEBLERIRLIER

4l AZ A3 A4 A5 AB AT A8 AS -5 - GND + +5 AIO
SLAVE NO.J
Ry
MW LCAD

W

EREEREBE LR IBERR
Al AZ A3 A4 AS A8 A7 AS\AQ “8G - GND +/+S A0

SLAVENO.2

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

3-42 AUTO-TRACKING CPERATION (See Figure3-12)

3~43 The Auto-Tracking configuration is used when
it ig necessary that several different voltages re~
ferred to a common bus, vary in proportion to the
setting of a particular instrument (the control or

3-8
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master). A fraction of the master's output voltage
is fed to the comparison amplifier of the slave sup~
ply, thus controlliing the siave's output. The master
must have the largest output voltage of 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 voitage of the slave ig a percent-
age of the master's output voltage, and is deter~
mined by the voltage divider consisting of Ry {or Ry
and Ry) and the voltage control of the slave supply,
Rp, where: Eg= EpnRp/Rx+Rp. Turn-cn and turn—-off
of the power supplies is controlled by the master.
Remote sensing and programming can be used; al~
though the strapping patterns for these modes show
only local sensing and programming, In order to
maintain the temperature coefficient and stability
specifications of the power supply, the externsl re-
sistors should be stable, low noise, low temperature
(less than 30ppm per OC) resistors.

3-45 SPECIAL OPERATING CONSIDERATIONS

3~-46 PULSE LOADING

3-47 The power supply will sutomatically cross-
over from constant voltage to constant current oper-
ation, or the reverse, in response to an increage
(over the preset limit) in the cutput 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 limit 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 OUTPUT CAPACITANCE

3-49 An internal capacitor, connected 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-
gtant current circuit. A highwcurrent 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 capacitor during
constant current operation are as Ioliows:

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

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

¢. A large surge current causing & high poww
ar digsipation in the load occurs when the load re-
sistance is reduced rapidly.




3~51 REVERSE VOLTAGE LOADING

3-52 A diode is connected across the output termi-
nals. Under normal cperating conditions, the diocde
is reverse bilased (anode connecied to negative ter—
rminal). If a reverse voltage is applied to the output
terminals (positive voltage applied to negative ter-
minal), the diode will conduct, shunting current
acrosg the output terminals and limiting the voltage
to the forward voltage drop of the diode. This diode
protects the series transistors and the output elegw~
trolytic capacitor.
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3-53 REVERSE CURRENT LOADING

3-54 Active loads connected to the power supply
may actually deliver a reverte current to the power
supply during a pottion of its operating cvcle. An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor. To avoid
these effects, it is necessary to preload the sup-
ply with a dummy load resistor so that the power
supply delivers current through the entire cperating
cycle of the load device,




SECTION IV
PRINCIPLES OF OPERATION

REFERENCE
REGULATOR
CIRCUIT
CONSTANT Lg
Ac POWER BIAS o BIAS CURRENT
INPUT  ETRANSFORMER SUPPLY TTVOLTAGE INPUT
CIRCUIT  p&
RECTIFIER +
SERIES
AND AN "]
FiLTER REGULATOR CURRENT
SAMPL ING
MIXER AND RSESISTOR
ERROR
AMPLIFIER
GR “
CONSTANT &
GATE - VOLTAGE
iNpur |
NOTE CIRCUIT
—em e DENOTES VOLTAGE
FEEDBACK PATH +
@ METER
et BENOTES CURRENT 0 ciRewIT |
FEEDBACK PATH *
O
Figure 4-1. Owverall Block Diagram
4-1  OVERALL BLOCK DIAGRAM DISCUSSION across the current sampling resistor neiwork is the
input to the constant current input circuit, The
4-2  The power supply, as shown on the overall constant voltage inpul circuit obtains its input by
block diagram on Tigure 4-1, consists of a power sampling the output voltage of the supply.
transformer, a rectifier and filter, a series regu-
lator, the mixer and error amplifiers, an "OR" 4-4  Any changes in output voltage/current are
gate, a constant voltage input circuit, a constant detected in the constant voltage/constant current
current input circuit, a reference regulator circuit, input circuit, amplified by the mixer and error am-
a bias supply, and a metering circuit, plifiers, and appilied to the series regulator in the
correct phase and amplitude 10 counteract the
4~3 The input line voltage passes through the change in outputvoltage/outputcurrent, The refer-
power transiormer to the rectifier and filter. ence circuit provides stable reference voltages
The rectifier~filter converts the AC input to raw which are used by the constantvoltage/current in-
DC which is fed to the positive terminal via the put ¢ircuits for comparison purpeses, The bias
regulator and current sampling resistor network. supply furnishes voltages which are used through—
The regulator, part of the feedback loop, is made out the instrumentfor biasing purposes, The meter
10 alter its conduction to maintain a constant out- circuit provides an indication of output voltage or
put voltage or current, The voltage developed current for both operating modes,
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Figure 4~2.

4-5  SIMPLIFIED SCHEMATIC

4-6 A simplified schematic of the power supply
is shown in Figure 4-2. It shows the operating
controls; the ON-off switch, the voltage and cur-
rent programming controls R10 and R16, Figure
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
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Simplified Schematic

terminals of the power supply, is a protective de-
vice which prevents internal damage that might
occur if a reverse voltage were applied across the
output terminals, Cutput capacitor, C20, is also
connected across the output terminals when the
normal strapping patiern shown on Figure 4-2 is
employed, Note that this capacitor can be' removed
if an increase in the programming speed is desired.
Under these conditions, capacitor G19 serves to
insure loop stability,




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

4-$ TEEDBACK LOOP

4-10 The feedback leop functions continuously to
keep the output voltage constant, during constant
voltage operation, and the output current constant,
during constant current operation, Tor purposes of
this discussion, assume that the unit is in con=-
stant voltage operation and that the programming
resistors R10 A and B have been adjusted so that
the supply is yielding the desired cutput voltage,
Further assume that the output voltage instanta-
neously rises {goes positive) due to a variation in
the external load circuit,

4-11 Note that the change may be in the form of a
slow rise in the output veoltage or a positive going
AC signal, An AC signal is coupled to summing
point A6 through capacitor C1 and a DC voltage is
coupled to A6 through R1O0.

4-12 The rise in output voltage causes the voltage
at A6 and thus the base of QlA to decreass {go
negative). QIlA now decreases its conduction and
its collector voltage rises. The positive going er-
ror veltage is amplified and inverted by Q3 and fed
10 the bases of series transistors Q6 and Q7 via
emitter followers Q5 and Q4, The negative going
input causes {6 and Q7 to decrease their condug=
tion so that they drop more of the line voltage, and
reduce the output veltage to its original level,

4-13 1If the external load resistance is decreased
to a certain crossover point, the output current in-
creases until transistor Q24 begins to conduct,
During this time, the outpul voltage hag also de~
creased to a level so that the base of QIA ig at a
high positive potential, With QiA 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 operation 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 differential amplifier comparison circuit is ob~
tained from the current sampling resistor network,

4-14 SERIES REGULATOR

4-15 The series regulator consists of transistor
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 shunt resistors R81, R82, and RE83, are
connected in a manner which minimizes the power
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dissipated in seriestransistor Q6, The bias voliage
for Q7 is developed across zener diode VRS, The
The conduction of Q7 will decrease as the collector—
to~emitter voltage of Q6 approaches the voltage
developed across the blasing diodes, At low out-
put voltages Q7 ig completely cutoff and all of the
load current flows through the shunt resistors, The
voltage that is dropped across Q7 and the shunt
resistors reduces the voltage dropped across Q6,
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 internal components are
operated under lower temperature conditions,

Dicde CR11, connected across 6, protects itfrom
reverse veltages that could develop across it dure
ing parallel or auto~parallel operation if one sup~-
ply is turned on before the other. Diodes CRIS&
and CR19 perform a similar function for Q7,

4-16 CONSTANT VOLTAGE INPUT CIRCUIT

4-17 The circuif consists of programming resistor
R10A and B, and a differential amplifier stage (Q1
and associated components). Transistor Q1 con-
sists of two transisiors 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
at 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
exisis, produces an error voltage whose amplitude
and phase is proportional to the difference. The
error output is fed back to the series regulator,
through an OR gate andthe mixer/error amplifiers.
The error veoltage changes the conduction of the
series regulator which, in turn, alters the output
voltage so thatthe difference betweenthe twa in-
pui voltages appliedtothe differential amplifier is
reduced to zero, The above action maintaing the
output voltage constant,

4-19 Stage Q1B of the differential amplifier is
connected to a common (+3) potential through im=
pedance equalizing resistor RS, Resistors R6 and
R8 are used to zero bias the input stage, offsetting
minor base~to-emitter voltage differences in Q1.
The base of QlAis connectedto a summing point at
the junction of the programming resistor and the
current pullout resistor, R12. Instantaneocus
changes in output veltage result in an increase or
decrease in the summing point potential, QA 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 componants of the feedback loop, Re-
sistor R1l, in series with the base of QlA, limits
the current through the programming resistor during
rapid voltage turn-down, Diodes CR1 and CR2
form a limiting network which prevent excessive
veltage excursions from over driving stage QLA,
Capacttors Cl 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-
eration to the constant voltage input circuit, It
consists basically of the current programming re-
sistors R16A and B, and a differential amplifier
stage (Q2 and associated components). Like
transistor 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 comparas a fixed reference voltage with the
voltage drop across the current sampling resistors
RS54 and R35, If a difference exists, the differan-
tial amplifier produces an error voltage which is
proportional to this difference. The remaining
components in the feedback loop (ampiifiers and
series regulator) function to maintain the drop
across the current sampling resisters, and conse-
guently the output current, at a constant value,

4-23 Stage QIZB is connected to a common (+8} po-
tential through impedance equalizing resistor R26.
Resistors R25 and R28 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 QZA,
Stage QZA varies its conduction in accordance
with the pelarity of the change at the summing
point, The change in Q2A's conduction also variss
the conduction of Q2B due to the coupling effects
of the common emitter resistor, R22, The error
voltage is taken from the collector of Q2B and fed
back to the series regulator through OR~gate diade
CR4 and the remaining components of the feedback
loop. The error voltage then varies the conduction
of the regulator go that the output current is main-
tained at the proper level,

4-24 Resistor R20, in conjunction with R21land C3
helps stabilize the feedback loop. Diode CRS lim-
its voltage excursiong on the base of Q2ZA. Resis-
tor R19, shunting the pullout resistor, serves as a
trimming adjustment for the programming current
flowing through R16.
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4-25 VOLTAGE CLAMP CIRCUIT

4-26 During constant current operation the cone
stant voltage programming resisiors are a shunt
toad across the outputterminals of the power sup-
ply. If the output voltage changed, the current
through these resistors would tend to change ra~
sulting in an cutput current change, The clamp
circuit is a return path for the voltage programming
current, the current thatnormally flows through the
programming resistors, The circuit maintains the
cuwrrent into the constant volitage summing point
{AB) constant, thus eliminating the error due to
shunting effects of the constant voltage programe=
ming resistors,

4-27 The voltage divider, R51, RS2, and VR3,
back biases CR30 and Q10 during constant voliage
operation, When the power supply goes into con-
stant current operation, CR30 becomes forward
biased by the collector voliage of GlA,  This re~-
sults in conduction 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 exists in constant voltage operation,
resulis in a constant voltage across, and conse-
guently a constant current through the pullout re-
sistor (R12).

4-~28 MIXER AND ERROR AMPLIFTERS

4-29 The mixer and error amplifiers amplify the
arror signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series regulator transistors. The emitter bias
potential for mixer amplifier 03 is established by
the emitter follower, Transistor Q3 receives the
error voltage input from either the constant voltage
or constant current circult via the OR-gate diode
{CR3 or CR4) that is conducting at that time,
Diode CR3 is forward biased, and CR4 reversed
biased, during constant voltage operation. The
reverse is true during constant current Operation,

4-30 The RC network, composed of G5 and R30, is
an equalizing network which provides for high fre-
quency rell off inthe loop gain responsge in order to
stabitize the feedback loop. Emitter follower tran—
sistors Q4 and Q5 are the error amplifiers serving
as the driver and predriver elements, respectively,
for the saries regulator. Transistor G4, together
with diode CR17, provides a low resistance dig—
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



supply similar to the main supply. It provides
stable reference voltages which are used through-
out the unit, The reference voliages are all de-
rived from smocthed DC obtained from the full
wave rectifier (CR22 and CR23) and{ilter capacitor
C10. The +6,2 and ~6.2 voltages, which are used
in the constant veltage and current input circuits
for comparison purposes, are developed across
temperature compensated Zener diodes VR1 and
YRZ2. Resistor R43 limits the current through the’
Zener diodes to establish an optimum bias level,

4-33 The regulating circuit consists of series reg-
ulating transistor Q9 and error amplifier Q8. Out-
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 signais are amplified and inverted by Q8 and
applied to the base of series transistor Q9. The
series element then alters its conductiion in the
direction and by the amount necessary to maintain
the voltage across VR1land VRZ constant. Resistor
R46, the emitter resistor for Q8, is connected in a
manner which minimizes changes in the reference
veltage caused by varlationg in the input line.
Output capacitor C9 stabilizes the regulator loop.

4-34 METER CIRCUIT

4-38 The meter circuit provides continudus indica-
tions of cutput voltage or current on a single multi-
ple range meter. The meter can be used either ag a
voltmeter or an ammeter depending upon the position
cof the METER switch §2 on the front panel of the
supply. This switch also selects one of two meter
ranges on gach scale. The meter circuit consists
basically of a selection circuit {switch 92 and asso-
ciated voltage dividers), stable differential amplifier
stages (Ql1, Q1l2, and 014}, 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 S2 ig in
one of the veltage positions, the voltage across
divider R59, REC, and R61 (connected across the
output of the supply) is the input to the differen=~
tial amplifier,

4-37 When 82 is in one of the current posiiions
the voltage across divider R56, R37, and R58 is
the input to the differential amplifier. Note that
this divider is connected across the sampling re-
sistor network, The amplified output of the differ~
ential amplifier is used to deflect the meter,

4-38 The differential amplifier ig a stable device
having a fixed gain of ten. Stage Ql1B of the am-
plifier receives a negative voltage from the appli-
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cable voltage divider when $2 is in one of the
voltage positions while stage Q11A is connscted
to the +5 {common) terminal. With 82 in a current
position, stage Q11A receives a positive voltage
from the applicable voltage divider while stage
Q118 is connected to the +8 terminal. The differ-
ential output of the amplifier i¢ taken from the
collectors of Q12 and Q14, Transistor Q15 is a
constant current socurce which sets up the proper
bias current for the amplifier, Potentiometer R53
permits zeroing of the meter,

4-3% The meter amplifier contains an inherent
current limiting feature which protects the meter
movement against overloads, For example, if
METER swiitch 82 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
currant through the meier to a safe value.

+8
&
s S
-5 R&1 1
O AN VWA
RBO
Figure 4-3. Voltmeter Connections,
Simplified Schematic
RS7
R56
RSS;
CURRENT
SASM;-‘%ING
SERIES RESSTOR(S)
HEG. A
R54
Figure 4-4, Ammeter Connections,

Simplified Schematic

4-40 Figures 4-3 and 4-4 show the meter connec-
tions when the METER section of $2 is in the
higher voltage and current range positions, respec-
tively, For the sake of simplicity, some of the




actual circuit components are not shown on these
drawings, With the METER switch in the higher
voltage range, position Z, the voltage drop across
R59 is the input to the meter amplifier and the
meter indicates the output voltage across the +8
and -3 terminals, For low output voltages, $2 can
be switched to the low voltage position (1) result-
ing in the application of a larger percentage of the
output voltage (drop across R59 and RED) to the
meier amplifier,
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4-6

4-41 As illustrated in Figure 4-4 with the METER.
switch in the high current position (3) the voltage
drop across R58 is applied to the meter amplifier
and the meter indicates the ocutput current which
flows through the sampling resistor network., For
low values of cutput current, the METER swiich
can be setto position4andthe voltage drop across
R57 and R58 is applied to the meter amplifier,



SECTION V
MAINTENANCE

.5-1  INTRODUCTION
5-2 Upon 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}, Aftertroubleshooting andrepair (Para-
graph 5-46)}, perform any necessary adjustments
and calibrations (Paragraph 5-48), Before returning
the power supply to normal operation, repeat the
performance checkto ensure thatthe fault has been
propérly corrected and that no other faults exist,
Before doing any maintenance checks, turn on pow-
er supply, allow a hali~hourwarm-up, and read the
general information regarding measurement tech-
niques {Paragraph 5-3).

5-3 GENERAL MEASUREMENT TECHNIQUES

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

5~5 The monitoring device gshould be connected
to the +3 and ~S terminals {see Figure 3-2) or as
shown in Pigure 5-1, The performance characterig~
tics should never be measured on the front terminals
if the load is connected across the rear terminals,
Note that when measuremants are made at the front
terminals, the monitoring leads are connected at A,
not B, as shown in Figure 5-1. Failure to connect
the measuring device atA willresult in a measure-~
ment that includes the resistance of the leads be~
tween the outputterminals and the point of connec~
tion,

5-6 For output cuirent measurements, the current
sampling resistor should be a four-terminal resis-
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5-1

QUTPUT TERMINALW"\\

5 \ P
LOAD LEAD~%

]

e

MONITOR HERE

Figure 5-1. Front Panel Terminal Connections

tor. The four terminals are connected as shown in
Figure 5-2, 1In addition, the resistor should be of
the low noise, low temperature coefficient (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
LOAR

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

T0 GROUNDED
TERMINAL OF

SAM?’L}NGT POWER SUPPLY

RESISTOR
LOAD
TERMINALS

Figure 5-2. Output Current Measurement 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 point., 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 ortransient 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

REQUIRED 1Sk RECOMMENDED
TYPE CHARACTERISTICS ; MODEL
Differential Sensitivity: 1mV full scale (min. }. Measure DC voltages; #3420 (See Nots)
Voitmeter Input impedance: 10 megcohms fmin.), | calibration procedures
Variable Range: 90-130 volts. Equipped with Vary AC input ——
Voltage voltmeter accurate within 1 volt,
Transformer

AC Voltmeter

Oscilloscope

Oscillator

DC Voltmeter

Repetitive
Load Switch

Resistive
Loads

Current
Sampling
Resistor
Resistor
Resgistor

Resistor

Resistor

Capacitor

Decade
Resistance
Box

Accuracy: 2%, Sensitivity: 1mV full
scale deflection (min. )},

Sensitivity: 100uV/cm, Differential
input.

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

Accuracy: 1%. Input resistance:

20, 000 ohms/volt (min, }.

Rate: 60~400 Hz, 2psec rise and
fall time,

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

62534, 6284A; 0, 334
62554, 6289A: 0. 66
6281A; G, 2n
6294A: la

1A %1%, 2 watt 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,

500uf, 50 wvde,

Range: 0-500K, Accuracy: 0,1%
plus 1 ochm, Make-before~break
contacts,

Measure AC voltages and
ripple

Display transient response
waveforms

Impedance checks

Measure DC voltages

Measure transient
response

Power supply load resis-
tors

Measure current; calibrate
meter; cc ripple and noisa

Measure impedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
coefficients

& 4038

@ 140A plus 1400A
plug~in, 1402A
plug-in for spike
measurements only,

& 200 CD

& 412a

See Figure 5-8,

See Parts List
RS54 {R55)

NOTE

A satisfactory substitute for a differential voltmeter is to arrange a reference voltage
source and null detector as shown in Figure 5-3. The reference voltage source is ad-
justed so that the voliage difference between the supply being measured and the refer~
ence voltage will have the required resolution for the measurement being made. The
voltage difference will be a function of the null detector that is used. Examples of sat-
isfactory null detectors are: & 419A null detector, a do coupled oscilloscope utilizing
differential input, or & 50mV meter movement with a 100 division scale. For the latter,
a 2mV change in voltage will result in a meter deflection of four divisions.

SmZ
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CAUTION:
Care must be exercised when using an
electronic null detector in which one
input terminal ig grounded to avold
ground loops and circulating currents,

POWER SUPPLY REFERENCE
UNDER TEST VOLTAGE
SOURCE
-4 \“
o) j (o] e}
gedql g fle
LOAD
NULL
DETECTOR
-+
QP Q
Tigure 5-3. Differential Voltmeter Substitute,

Test Setup

5-10 PERFORMANCE TEST

5-11 The following iest can be used as an incom-
ing inspectioncheck and appropriate portions of the
testcan be repeated either tocheck the operationof
the instrument after repairs orfor periodic mainte-
nance tests, Thetestsare performedusingallsVac
60Hz, single phase input power source, If the cor-
rect result is not obtained for a particular check,
do not adjust any conirols; proceed to trouble=
shooting (Paragraph 5-41),

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Output and Meter Accuracy,

5-14 Voltage. Proceed as follows:
a, Connect load resistor across rear output
terminals of supply. Resistor value to be as fol-

lows:
Model 6253A G255A E281A 6284A 6289A 6294A
Resistance 6 26 1.5~ B 26~  60n

b. Connectdifferential voltmeter across +8§
and -Sterminals of supply observing correct polar=
ity.

c. Set METER swifch to highest voltage
range and turn on supply,

d. Adjust VOLTAGE control(s) until front
panel meter indicates exactly the maximum rated
oputput voltage,

e. Differential voltmeter should indicate
maximum rated output veltage within +£2%.
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5-3

5-15 Current, Proceed as follows:

a. Connect test setup as shown in Figure
5-4 leaving switch 51 open,

b, Turn CURRENT controls fully clockwise,

¢. 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 vde,

POWER SUPPLY
UNDER TEST 51
+ —
O O O
LCAD DIEFERENTIAL
RESISTOR VOLTMETER
—
CURRENT
SAMPLING '
RESISTOR

MODEL NO. RESISTANCE IBHMS)

Rx Ry
6253A,62844A | 0.33 [
62554,6289A | 0.66 26
6261A, 0.2 13
62944 LG 59

Figure 5-4. Output Current Test Setup

5~16, Load Regulation, To check constant voltage
load regulation, proceed as. follows:

a, Connecttest setup as shown inFigure 5-5,

b, Turn CURRENT controls fully clockwise,

. Bet 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 voltage,

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

_f. Disconnect load resistors,

g. Reading on differential volimeter should
net vary from reading recorded in stepe by more
than the following:

Model No, 6253A, 6284A 6255A, 6289A

Variation (mVdc) +6 +6
Model No, 62814 62944
Variation {mVdce) +5 +8

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




POWER SUPPLY

w2
pog]

representation of the noise, 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 usedto measure highirequency
noise or "spikes" on the output of a power supply
is more critical than the low frequency ripple and
noise measurement technique; therefore the former
is discussed separately in Paragraph 5-28,

_/ AN
woner mo. |RESISTANCE (ORMIS)
Rx Ry
Rx 5253h 62B4A | 0.33 | 5
62554,6289A | 0.68 | 26
GLBIA 0.2 1.3
Ry G 294A 1.0 59

LOAD RESISTORS

OHFFERENTIAL
VOLTMEYER

X5 §

7

Load Regulation, Constant Voltage
Test Setup

Figure 5-3,

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

b, Turn CURRENT conirols fully clockwise,

¢, Connect test setup shown in Pigure 5~5,

d, Adjustvariable auto transformer for 105Vac
input,

2, Set METER switch to highest voltage

range and furn on supply.

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

g. Read and record voltage indicated on dif-
ferential voltmetar,

h, Adjustvariable auto transformer for 125Vac
input.

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

Model No, 62534, 62844 6255A, 628%A
Variation (mVdc) +4 *+6
Model No. 6281A 6294A
Variation (mVdc} +2, 75 8

5-18 Ripple and Noise, Ripple andnoiss maasure-
ment can be made at any input AC line voltage
combinedwith any DC output voltage and load current
within rating,

5-19 The amountofripple 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 measurement is particularly im~
portant for applications where noise spikes could
be detrimental to a sensitive load, such as logic
circuitry. The RMS measurement is not an ideal

5-4
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POWER SUPPLY CASE 0sCILLOSCOPE CASE
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E | D
+ [-: I
|
|
|

- -~ VERTICAL
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A. INCORRECT METHOD-GROUND GURRENT Ig PRODUCES 60
CYCLE OROP IN NEGATIVE LEAD WHICH ADDS TO THE POWER
SUPPLY RIPPLE DISPLAYED ON SCOPE,

POWER SUPPLY CASE

AC3 E

§ R
ACC L
GND ]

QSCILLOSCOPE CASE

R

+ +
ZoR O BN T veRTIcAL
4 4 _BREAK L INPUT
GND
PATH

B. A CORRECT METHOD USING A SINGLE - ENDED SCOPE.
QUTPUT FLOATED TO BREAK GROUND CURRENT LOOR TWISTED
PAIR REDUCES STRAY PICKUP ON SCOPE LEADS.

POWER SUPPLY CASE
Ac
ACC Ry
oND 3 cZ
] M O ermicar
< f ?;_. INPUT

C. A CORRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INPUT GROUND CURRENT PATH IS BROKEN. COMMON
MODE REJECTION OF DIFFERENTIAL INPUT SCOPE IGNORES
DIFFERENCE = iN GROUND POTENTIAL OF POWER SUPPLY B
SCOPE; SHIELDED TWO WIRE FURTHER REDUCES STRAY
PICK-UP CN SCOPE LEADS.

CSCILLOSCOPE CASE

T

Figure 5-8, CV Ripple and Noise Test Setup

5-21 Ripple and Noise Measurements. Tigure 5-6A
show s an incorrect method of measuring p-p ripple.
Note that a continuous ground locp exists from the
third wire of the input power cord of the supply to
the third wire of the input power cord of the oscii-
loscope via the grounded power supply case, the
wire between the negative output terminal of the
power supply and the vertical input of the scope,
and the grounded scope case, Any ground current




circulating inthis loop as a result of the difference
in potential Eg between the two ground points
causes an IR drop which is in series withthe scope
input. This IR drop, normally having a 60Hz line
frequency fundamental, plus any pickup on the un-
shielded leads interconnecting the power supply and
scope, appears onthe face of the CRT, The magni-
tude of this resulting noise signal can easily be
much greater than the true ripple developed beiween
the plus and minus output terminals of the power
supply, and can completely invalidate the measure-
ment,

5-22 The same ground currentand pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6, However,
the oscilloscope display, unlike the true RMS
meter reading, tells the observerimmediately

" whether the fundamental period of the signal dis-
played is 8. 3 milliseconds (1/120Hz} or 16.7
miiliseconds {1/60 Hz). Since the fundamentalrip-
ple frequency present on the output of an @ supply
is 120 Hz {(due to full~wave rectification), an os~
cilloscope display showing a 120 Hz fundamenial
component is indicative of a “clean" measurement
setup, while the presence of a 60 Hz fundamental
usually means that an lmproved setup will result
in a more accurate {and lower} value of measured
ripple.

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

5-24 Either a twisted pair or (preferably) a shield-
ed two-wire cable should be used to connect the
output terminals of the power supply to the 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 ig 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 signat in the shielded leads.

5.25 To verify that the oscilloscope 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
terminals., The rippie value obtained when the
leads are shorted should be subiracted from the
actual ripple measurement.

5-5
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5-26 In most cases, the single-ended scope
method of Figure 5-6B will be adequate o elimi«
nate non~real components of ripple and noise so
that a satisfactory measurement may be obtained,
However, in more stubborn cases it may be nec-
essary to use a differential scope with floating in-
put as shown in Pigure 5-6C, 1If 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 between its two vertical
input terminalg, thus ignoring the effects of any
common mode signal introduced because of the
difference in the AC potential between the power
supply case and scope case. Before using a dif-
ferential input scope in this manner, however, it
is imperative that the common 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 scope is properly ignoring any
common mode signal present., If this trace is not
a straight iine, then the scope is not rejecting the
ground signal and must be realigned in accordance
with the manufacturer's instructions until proper
common mode rejection is atitained,

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

" a, Connect the oscilloscope or RMS volt-
meter as shown in Figures 5-6B or 5-6C,

b. Turn the CURRENT control fully clockwise
and adjust VOLTACE control until front panel meter
indicates maximum rated output voltage,

c. The observed ripple and noise should be
less than 200uV RMS and ImV 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 MHE2 ormore is
adequate, Measuring noise with aningtrunient that
has insufficient bandwidith may conceal high fre~
quency spikes detrimental o the load.

5-29 The test getups illustrated in Figures 5-6A
and 5-6B are generally notacceptable for measur-
ing spikes: a differential oscilicscope is necessary,
Furthermore, the measurement concept of Figure
5-6C mustbe modifiedif accurate spike measure-
ment is to be achieved:

1. As shown in Figure 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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Figure 5-7. (CV Noise Spike Test Setup

3. The length of the test leads outside the
coaxiscriticaland mustbe keptas shortas possi-
ble; the blocking capacitor and the impedance
matching resistor should be connected directly from
the inner conductor 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 notconnected to
the power supply ground, since such a connection
would giverise to a ground current path through the
coax shield, resulting in an erroneous measurement,

5. The measured noise spike values must he
doubled, since the impedance matching resistors
constitute a 2-to-1 attenuator,

6. The noise spikes obsgerved onthe oscillo-
scope should be less than 0. 5mV p-p,

5-30 The circuitof Figure 5-7 carn also be used for
the normal measurement of low frequencyripple and
noise; simply remove the four terminating resistors
and the blocking capacitors and substituie a higher
galn vertical plug-inin place of the wide-band piug-
in required for spike measuremants, Notice that
with these changes. Figure 5~7 bacomes a two-
cable version of Plgure 5~6C,

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

a, Connect test setup shown in Pigurs 5-8.

b, Turn CURRENT controls fully clockwise,

©. 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
cutput voltage,

e, Close line switch on repetitive load
switch setup, :

f.  Adjust 25K potentiometer until a stable
display is obrained on oscilloscope. Wavefarm
should be within the tolerances shown in Figure
5-9 (output should return to within 15mV of original
value in less than 50 microseconds).
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Figure 5-8, Transient Response, Test Setup
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Figure 5-9. Transient Response, Waveforms

5~-32 Programming Speed. This measurement is
made by monitoring the output voltage with an og-
cillogcope 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 resistanceis var—
ied from the value that will produce maximum output
voltage 10 zero ochms. To check the up-programming
speed, make the connections indicated in Figure
5-10; for down-~programming, simply remove RL.-




Al A3 A4 AB AB AT AR -5 — GNDO + +8 AID

lglalplalelel@ iz zlplo)

L)

A

é\ Brorn
Rp Ry
AN -—'va
Q Q
0—;—*— VERTICAL
: L INPUT
i ]
0SCILLOSCOPE
115V, 80 HZ
; MERCURY
WETTED
RELAY
MODEL | 62534 6255A|6281A | 62844 | 62804 | 62944
R en | 26n | 150l 6n | zen | son
Constant Voltage Programming Speed,

Figure 5-10.
: Test Setup

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 voltage. Refer to Application Note
903, Power Supply Handbook for further details on
remote programming speed. To check the program=
ming speed, proceed as follows:

1. Restrap therear barrier stripas indicated
in Figure 5-10, Note that the jumper between 45
and A10 is removed. This disconnects the output
capacitor C20 to increase the programming speed,
A minimum amount of output capacitance (C19) is
permanently wired to the cutput 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-
put capacitor C20 is removed,

2. Connecttherelay, oscilloscope, andpro-
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 multiplving the program-
ming coefficlent (200 ohms/volt, 300 ohms/volt
for Model 62944} by the maximum rated ocutput
voltage of the supply.

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

resistor is notadequate, because the resulting one-

shot displays are difficult to observe on most o~
cilloscopes,
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4. The time {T) reguired for the output volt-
age to change from zero volts to maximum rated out~
put or from maximum rated cutput to zero should be
legs than 10 milliseconds.

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

VOLTME TER VOLTMETER
hp 4038 hp403B
INDICATES £¢ INDICATES Ein
000 oo}

POWER SUPPLY OSCILLATOR
UNDER TEST hp 200 €D
+ — SN+ G

0 o OM
I IK 500 MFD
MW | g
00 OHM
Figure 5~11. Output Impedance. Test Setup

b, 8Set METER switch ¢ highest voltage range
and turn CURRENT controls fully clockwise, and turn
on supply.

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

d. Set AMPLITUDE control on Oscillator to
10 voits (Bip), and FREQUENCY control to 1 kHz,

e. Record voltage across output terminals of
the power supply (Eo) as indicated on AC voltmeter,

f. Calculate the output impedance by the
following formula: Zgout = (EoRY/ Ein ~ B

Eq = rms voitage across power supply output
terminals,

R = 1000,

Ein = 10 VO].T.S.

g, The output impedance ([Zeyt) should be
less than 0, 01 ohm,

h., Using formula of stepf, calculate cutput
impedance at frequencies of 10kHz, 100kHz, and
I1MHz., Values should be less than 0. 05 ohm,

0.5 ohm, and 5 ohms, respectively,

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, Turm VOLTAGE control(s) fully clockwise.
c. Set METER switchto highestcurrent range




and turn on supply.

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

e, Read and record voltage indicated on
differential voltmeter.

f.  Short out load resistor {Ry) by closing
swifch 81,

g. Reading on differential voltmeter should
not vary from reading recorded in step e by more
than the following:
Model No,

6253A, 6284A 6255A, 6289A

Variation (mVdc) +0, 183 +0, 265
Model No, 6281A 62944
Variation (mvVdc) +0, 5 +0, 35

3-36 Line Regulation. To check the line regulation
proceed as focllows:

a., Utilize test setup shown in Figure 5-4
leaving swiich S1 open throughout test,

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

¢. Adjust auto transformer for 105Vac input,

d. Turn VOLTAGE control(s) fully clockwise,

2. Set METER switchto highesteurrent range
and turn on supply.

f.  Adjust CURRENT controls until front panel
meter reads exactly the maximum rated output cur-
rent,

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

h, Adjust variable auto transformer for 125
Vac input,

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

Model No, 62534, 6284A 6255A, 6289A
Variation (mVde) +0, 183 +0, 265
Model No. 62814 62940
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 apply to the measurement of con—
stant current ripple and noise. TFigure 5-12 illus-
trates the most important precautions to be obssrvad
when measuring the ripple and noise of a constan:
current supply. The presence of a 120 oycie wave-
form onthe oscilloscope is normally indicative of a
correct measurement method. A waveshape having
60 Hz as its fundamental component is typically ag~
sociated with an incorrect measurement setup,

5-38 Ripple and Noise Measurement, To check the
ripple and noise, proceed as follows:
a., Connect the oscilicgcope or RMS volt-

meter as shown in Figures 5-12B or S—l%C_

5-8
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Figure 5-12. CC Ripple and Noise Test Setup

b. Rotate the VOLTAGE control fully cw.

¢, Set METER switch to highest current 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 foilewing:
Model 06253A,6284A 6255A,6289A 6281A 6204A
mA rms 2 0.5 4 8.5




5-39 TROUBLESHCOTING

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 repairedwitha minimum of "down time"
and a systematic approach as outlined in succeeding
paragraphs can greatly simplify and speed up the
rapair,

5-41 TROUBLE ANALYSIS

5-42 General, Before attempting to troubleshoot
this instrument, ensure that the fault is with the
instrument and notwith an associated circuit. The
performance test (Paragraph 5-10) enables this tobe
determined without having to remove the instrument
from the cabinet,

5-43 Once it is determinedthat the power supply is
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 four retaining screws) and inspect for
open connections, charred components, ete, If the
trouble source cannot be detected by visual inspec-
tion, follow the detailed procedure outlined in suc-
ceeding paragraphs. Once the defective component
has been located (by means of visual inspection or
trouble analysis) correct it and re-conduct the per=
formance test. If 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 troubleshooting, 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
understood, logical application of this knowledge
used in conjunction with the normal voltage read-
ings shown on the schematic and the additional
procedures givenin 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).

5-4% Table 5-2 includes the symptoms and prob=-
able causes of many possible troubles. If either
high orlow outputvolitageis a symptiom, there are
two methods of isclating the fauit., 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—
ted, Both methods are described as follows:

1. First, the reference, bias, and {iltered dc
veltages as given in Table 5-3 should be checked,
Then the voltage levels at ¢ritical points (base and
collector) inthe 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
notalwavys conclusive: a better method is degcribed
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 output or no output voltage
High output voltage
High ripple a.

b.

Refer to Table 5-3, then S5=-4,

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

If output floating, connect luf capacitor between output
and ground,

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

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

Check for low voltage across C14,C12, or C10,

To prevent this condition turn
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Table 5-2. Common Troubles {Continued)

Symptom

Probable Cause

Poor line regulation

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

Check reference circuit adjustment, Paragraph 5-62.

Poor load regulation
{Constant Voltage}

Improper measuring technique; refer to Paragraph 5-3.

Check the regulation characteristics of Zener diode VR! as

follows:

{1) Connect differential voltmeter across VR1

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

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

{4} If the differential voltmeter reading varies by more than
2.5mV, replace VR,

Lnsure that supply is not in constant-current operation under
ioaded conditions. To prevent this condition turn CURRENT
control fully clockwise.

Poor load regulation
{Constant Current}

Improper measuring technigque; refer to Paragraph 5-3.

Check the regulation characteristics of Zener dicde VR2 as

follows:

(1) Connect differential voltmeter across VR2

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

{3) Perform steps b through f of Paragraph 5-35

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

C19, C20, and CR34 leaky.
Check clamp circuit, Q10, CR30, VR3, and CR32.

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

Oscillates

Check C5 open. Adjustment of R30; refer to Paragraph 5-64.

Chéck R21 and C3 in current input circuit.

Poor stability (Constant Voltage)

©

Check +6.2Vdc reference voltage (Table 5-3).
Noisy programming resistor R10.

CR1, CR?Z leaky.

Check R1, R12, R13, and CZ for noise or drift.
Stage Q1 defective.

Poor stability {Constant Current)

& o 0 woow

Check ~-6.2Vdc reference voltage (Table 5-3},

Noisy programming resistor R16.

CR5, CR34, C19, C3 leaky.

Check R18, R19, R20, RZ21, R54, and R55 for noise or drift.
Stage Q2 defective.

Poor transient recovery

Check R30 and C5. Refer to adjustment procedure
Paragraph 5-64.
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Table 5-3,

Reference, Bias, and filtered DC Troubleshooting

Meter Meter Normal Normal Probhable
Common Positive Vdo Ripple (P-P) Cause
31 +5 6.2 G, 5mvV VR2
+5 33 6,2 0. 5mV VR1
45 37 12,4 5mV Q8, Q9
34 37 24 1,4V C10,CR22,
CR23,T1
4% 23 4,4 20mv VR4
43 38 28V (625 3A) 3V Cl1lZ,CR24,
53V{B6255A} v CR25,T1
12V{6281A) A
28V{6284A} 3v
53V(6289A) v
8OV{6294A} wy
- Out : 27 38V(6253A) 0. 4v C14,C16,
B2V(6255A) 0.8V CR26,CR27,
21V(6281A) g, 2v R49,T1
38V{6284A) 0, 4v
62V{6289A) G, 5v
S0V(6294A) G.8v
Table 5-4. Low Output Voltage Troubleshooting
Step Action Response Probable Cause
H Turn the VOLTAGE control fully
clockwise and disconnect the
load
2 To eliminate the constant cur- a, Output increases a, Stage Q2 defective
rent circuit as a cause of the . X
malfunction, remove CR4 cath- b, Output remains low | b, ?;acc;nne;:t CR4 and proceed
ode or anode lead siep
3 Check conduction of Q6 and a, Outpui remainsg low a. Q8,Q7,CR11 or associated
Q7 by connecting a jumper be=- parts defective
tween (4 emitter {22 d
) Q ttter (22) an b, Output increases b, Remove ijumper and proceed
base {18)
to step 4
4 Check turnoff of Q4 by short- a, OQutput remains low a. Q4,CR17, R38 defective
ing Q5 emilier to base . . .
b, Output increases b, Remove jumper and procead
to step 5
5 Check turnoff of Q5 by short- a, Output remains low é, Q5, R31 or associated com~
ing Q3 emitter to collector ponents defective
b, Output increases b, Remove short acrogs Q3
and proceed to step 6
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Table 5-4. Low Output Voltage Troubleshooting {(Continued)
Step Action Response Probable Cause
5 Check conduction of Q3 by a, Output remains low a, Stage Q3 or Q16 defective
shorting Q1A emitter to col-
lector b, Output increases b. Remove short and proceed
to step 7
7 Remove CR32 anode or cath- a. Output increases a. Voliage clamp circuit is de=~
ode lead fective
b, Output remains low b. Reconnect CR32, Stage
Q1 defective, Check R10,
Cl for short and R12Z,R13
for open.
Table 5-5. High Output Voltage Troubleshooting
Step Action Response Probanle Cause
i Turn the VOLTAGE controd to
approximately mid-range and
disconnact the load, If the .
output voltage should rise to
an excessive value with the
VOLTAGE control turned cow,
the control could be damaged.
Z Check turnoff of Q& and Q7 a. Output remains high | a. Q6,07,CR11,R23,R27,R34
by shorting collector of Q5 defective
to emitt 4
© emitter of Q b. Output decreases b, Remove short across Q4
and proceed to step 3
3 Check conduction of Q4 by a. Cutput remains high | a. ©Q4,CR17,R38 defective
horting Q5 emitter to col-
1Smc:tor g Qv emitter b, OCutput decreases b, Remove short across Q5 and
v procead to step 4
4 Open Q3 collector lead a, Qutputremains high| a. Q5,R31 or asscciated com-
Check conduction of Q5 by ponents defective
shorting R33
g b, Output decreases k. Remove short and proceed
to step 5
5 Check turnoff of Q3 by a. Output remains high t a, Stage Q3 or Q17 defective
shortin 3 base to emitter
rting Q b, Output decreases b, Remove short and proceed
to step 6
6 Remove CR3Z anode or cathode a. Qutput decreases a. Voltage clamp circuit 18 de=-
factive
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
A& to {-
) b, Output decreases b. Remove short across termi-
nals A6 and {-). Check
RiG for open and R12,R13
for short,
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Excessive heat or pressure can lift the copper strip from the board. Avoid damage by using a
low power soldering iron (50 watts maximum) and following these instructions. Copper that lifts
off the board should be cemented in place with a quick drying acetate base cement having good
electrical insulating properties,

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

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

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

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

1. Apply heat sparingly to lead of component
tobe replaced. If lead of component passes
through an eyelet
in the ¢ircuit
board, apply
heat on com-
ponent side
of board, ¥
lead of com-
ponent does
not pass through an
eyelet, apply heat to conductor side of board.

s

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

through eyelets or -

holes in board.

2. Reheat solder invacant eyeletand quickly
insert a2 small awlto cleaninside of hole.
If hole does
not have an
eyelet, in-
gert awl or
a #57 drill
{rom cofi~
ductor side
of board.

CONDUCTOR
SIDE

4, Hold partagainst board (avoid overheating)

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

In the eventthat either the circuit board has been damaged or the conventional method is imprac-
tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets.

1. Clip lead as shown below,

CLiP
HERE

CXESIINRSERIRERIINNY.  SEASOTL,

EAFENEN

This procedure is used in the field only as an alternate meang of repair.

the factory.

2. Bend protruding leads upward, Bend lead

of new APPLY
component SCLDER
around pro-

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

It is not used within

Figure 5-13.
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5-46 REPAIR AND REPLACEMENT special characteristics of gselected semiconductors,
If the device to be replaced is not listed in Table

5-6, the standard manufacturers part number listed
in Section VI is applicable, After replacing a semi-
conductor device, refer to Table 5-7 for checks and

adjustments that may be necessary,

5-47 Before servicing a printed wiring board, refer
to Figure 5~13. Section VI of this manual contains
& list of replaceable parts. Before replacing a semi-
conductor device, referto Table 5~6 which lists the

Table 5-6. Selected Semiconductor Characteristics
Reference o n Suggested
Designator Characteristics ## Stock No, Replacement
Matched differential ampli-
fier., NPN 8i Planar,
0l1,2,11 70 {min. } hre ic = 1 ma, 18540229 ZNZ817 G.E.
Vop = SV, Iep 0.01pa @
vao = 5V,
NPN Power., hpg = 35 {min.)
] - 2 2 3 . .A.
8, 7(16) @ Ie = 4A, VCE = 4V, 1854-0228 N3055 R.C
CR1-5,19, Si. rectifier, 200ma, 200prv 1901-6032 1N485B Sylvania
20, 30, 32
VR3 Diode, zener, 4,22V, 400mw 1802~3070 1N749 Motorola
VR4, 5 Diode, zener, 4, 3V, 1W 1902-0797 1N3824 Motorola
Table 5~7. Checks and Adjustments After Replacement of Semiconductor Devices
Reference Function Check Adjust
Constant voltage (CV)
Q1 Constant voltage differential amplifier line and load regulation,
Zero volt cutput, RE or R8
Constant current (CC)
QzZ Constant current differential amplifier line and load regutation,
Zero current output, R25 or R28
] " CV/CC load regulation.
Q3,Qls Mixer amplifier CV transient response, R340,
Q4, Q5 Error amplifiers and driver CV/CC load regulation,
Q6, Q7 Series regulator CV/CC load regulation,
Reference circuit line
Q8, Q% Reference requlator regulation. R4E
QLo Clamp circuit CC load regulation.
. Meter zerc., Volimeter/ R63, R72
QL1-Q15 Mater clrcuit ammeter tracking. R56
CR1, CR2Z Limiting dicdes CV load regulation.
CR3, CR4, CR5 OR-gate diodes and iimiting diode CV/CC load regulation.
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Table 5-7.

Checks and Adjustmente After Replacement of Semiconductor Devices (Continued)

Reference Function Check Adjust
i Voltage across each
- 3 i
CR8-CR10 Forward bias regulator diode 0.6 to 0. ¢ volts.
CR22-CR27 Rectifier diodes Voltage across appro-
priate filter capacitor,
CR34 Protection diode Output voltage
. Positive reference
VRI Positive reference voltage voltage (+6, 2V).
VR2 Negative reference volt Negative reference
agative reference voltage voltage (6. 2V),
VR4 Bias voltage 4, 4y
Table 5-8. Calibration and Adjustment Summary
Adjustment or- B Controt Adjustment or Control
i ; Paragraph Paragraph
Calibration grap Device Calibration ragrap Device
Meter Zero 5=50 Pointer "Current" Program=
ming Current 5~61 R1S
Voltmeter Tracking 5-52 RE3 and R72
. Reference Circult
Ammeter Tracking 5-54 R5 6. Line Voltage Ad-
"Zero" Volt Cutput 557 RE or R8 justment 5-863 R46
“Voltage" Program— Negative Reference
ming Current 5-58 R13 Load Adjustment 5-64 Replace VR2
"Zero" Current Positive Reference
Quiput 5-60 R25 or R28 Load Adjustment 5-65 Replace VR1
Transient Response 5~66 R30

5-48 ADIUSTMENT AND CALIBRATION

5-49 Adjustment and calibration may be required

after performance testing, troubleshooting. orrepalr
and replacement, Perform only those adjustments
that affect the operation of the faulty circuit and no
others.
calibrations contained in the following paragraphs.

5-50 METER ZERQO

5=51 The meter pointer mustrest onthe zero cali-
hration mark onthe meter scale whenthe instrument
is at normal operating temperature, resting in its
normal operating position, and the instrument Is
rurned 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
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Table 5~8 summarizes the adjustments and

minutes).

b, Turn the instrument off, Wait two minutes
for power supply capacitors to discharge completely.

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

d. Turmn the adjustment screw clockwise un-
til the pointer is exactly over the zero mark on the
scale., If the screw is turned too far, repeat steps
¢ and d.

e. Turn meter adjustment screw counter-
clockwise about 15 degrees to break contact be-
tween adjustment screw and pointer mounting voke,
but not far enough 1o move the pointer back doewn-
scale. If screw is turned too far, as shown by the
neadle moving, repeat the procedure. The meter is
now zero-set for best accuracy and mechanical
gtability.




5-52 VOLTMETER TRACKING

5~53 To calibrate volimeter tracking, procesd as
follows:

a. To electrically zerc meter, set METER
switch to highestcurrent positionand, with supply
on and no load connected, adjust R63 until front
panel meter reads zero,

b, Connectdifferential voltmeter across sup-
ply, cbserving correct polarity,

¢, 8et METER swiich to highest voltage
range and turn on supply. Adjust VOLTAGE control
until differential voltmeter reads exactly the max-
imum rated output voltage.

d.  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, Twn VOLTAGE controlfully clockwise and
set METER switch to highest current range,

¢, Turn on supply and adjust CURRENYT con-
trols until differential voltmeter reads 1, 0Vdc.

d. Adjust R56 until front panel meter indi-
cates exactly the maximum rated output current,
5-56 CONSTANTVOLTAGE PROGRAMMING CURRENT
5=57 To calibrate the zero volt programming accu~-
racy, proceed as follows:

a, Connectdifferential voltmeter between +8
and -5 terminals,

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

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

d. Observe reading on differential voltmeter.

a. If it iz more positive than 0 volts, shunt
resistor R6 with decads resistance box,

f. Adjustdecade resistance until differential
voltmeter reads zero, then shunt R with resistance
value equal to that of the decade resistance,

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

h, Adjust decade resistance until differen-
tial voltmeter reads zero then shunt R8 with resis~
tance value squal to that of the decade box,

5=58 To calibrate the constant voltage programming
current, proceed as follows:

a, Connect a 0, 1%, £ watt resistor between
terminals -3 and A8 on rear barrier strip, Resistor
value to be as follows:

Model 6Z53A,6284A 62354, 62834 6281A 6294A
Resgistance 4Kn 8Kn 1.5Kn 18K~
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b. Disconnect jumper between A6 and AS
(leaving A6 and A7 jumpared) on rear terminal bar-
rier strip. ’

¢. Connect a decade resistance in place of
R13.

d. Connect a differential voltmeter between
+5 and -8 and turn on supply.

. Adiust decade resistance hox so that dif-
ferential volimeter indicates maximum rated output
voltage within the following tolerances:

Model No. 62534, 6284A 62554, 6289A
Tolerance {Vdc) +0, 4 +0, 8
Model No. 6281A 6294A
Tolerance (Vdc) +0, 15 +1, 2

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

5-59 CONSTANT CURRENT PROGRAMMING CURRENT

5-50 To calibrate the zero current programming ac-
curacy, proceecd as follows:

a, Connect differential voltmeter between +8
and -5 terminals.

b. Short out current controls by connecting
jumper between terminals Al and A5,

¢. Rotate VOLTAGE control{s) fully clockwise
and turn on supply.

d. Observe reading on differential voltmeter,

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

f. Adjust decade resistance until differen-
tial voltmetler reads zero, then shunt R25 with ra=
sistance value equal to that of decade resistance,

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

h. Adjust decade resistance until differential
voltmeter reads zero, then shuntR28 with resistance
value equal to that of decade box.

5~6l To calibrate the constant curfent programming
current, proceed as follows:

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

b. Remove strap between A3 and A4 {leaving
A4 and AS jumpered),

¢. Connecta D, 1%, twatt resistor between

Al and A5, Resistor value to be as follows:
Model No, 6253A, 62844 6255A, 6289A
Resgistance 1, 5Kn 750n
Model No, 6281A 6294A

Resistance 1K 1Kn

d. Comnect decade resistance box in place
of R19,

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

£, 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 adiust the line regula-
tion capabilities of the instrument proceed as fol~
lows:

a. Connect the differential volimeter he-
tween +5 (common) and 33 (positive).

b, Connect variable voltage transformer be-
twaen supply and input power source,

¢, Adiust line to 105 Vac.

d., Connect decade resistance in place of R46,

e, Turn on supply and adiust VOLTAGE con-
trol{g) for maximum rated output voltage.

f. Adiust decade resistance so that voltage
indicated by differential voltmeter does not change
more than the following as input line voltage is
varied from 105 to 125Vac:
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Model No 625347, 6284A 6Z55A,6289A
Variation (mvdc) 0. 95 0. 81
Model No, 86281A 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 Figura
5-8.

b, Repeat steps a through e as cutlined in
Paragraph 5-31,

¢. Adjust R30 so that the transient response
is as shown in Figure 5-9.
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replacement parts. Q
numeric order by reference designators and provides R
the foliowing information: 3
T

SECTION Vi

REPLACEABLE PARTS

INTRODUCTION

Table 6-1,

Reference Designators [Continued)

This section contains information for ordering
Table 6~4 lists parts in alpha-

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

wlug

= transistor

resistor
switch
transformer

YV

i

i

H

vacuum tube,
neon bulb,
photocell, etc,
zener diode
socket
integrated cir-
cuit or network

Description Abbreviations

b, Description, Refer to Table 6-2 for ab- TB = terminal block
breviations, T3 = thermal switch
¢. Total Quantity {TQ). Given only the first
time the part number is listed except in instruments
containing many sub-modular assemblies, in which
case the TQ appears the first time the part number
is ligted in each assembly, Table 6-2,
d. Manufacturer's Part Number or Type.
e, Manufacturer's Federal Supply Code Num- A = ampers
ber, Refer to Table 6-3 for manufacturer's name and ac = alternating
address, current
f. Hewlett-Packard Part Number, assy, = assembly
g, Recommendad Spare Parts Quantity {RS) bd = board
for complete maintenance of one ingtrument during bkt = bracket
one vear of isclated service. oC = degree
h. Parts not identified by a reference desig- Centigrade
nator are ligted at the end of Table 6-4 under Me- cd = card
chanical and/or Miscellaneous., The former consists coef = coefficlent
of parts belonging to and grouped by individual as~- comp = composition
semblies; the latter consists of all parts not im- CRT = cathode-ray
mediately associated with an assembly. tube
CT = center-tapped
6-3 ORDERING INFORMATION de = direci current
DPDT = double pole,
t~4 To corder a replacement part, address order or double throw
inquiry to your local Hewlett-Packard sales office DPST = double pole,
(see lists at rear of this manual for addresses), single throw
Specify the fellowing information for each part: aelect = electrolytic
Model, complete serial number, and any Option or encap = éncapsulated
gpecial modification {J} numbers of the instrument; F = farad
Hewleti-Packard part number; circuit reference des- oF = degree
ignator; and description, To order a part not listed Farenhei:
in Table 6-4, give a complete description of the fxd = fixed
pari, its function, and its location, CGe = germanium
H = Henry
Hz = Hertz
Talle 6-1., Refersgnce Designators 1C = integrated
circuit
A = assembly E = miscellancous ID = inside diameter
B = blower (fan} electronic part incnd = incandescent
C = capacitor F = fuse 4 = kilo = 103
CB = circuit breaker |7 = jack, jumper m = milli = 103
CR = diode K = relay M = mega = 108
DS = device, signal-| L = inductor v = micro = 1076
ing {lamp) M = meter mef, = metal

mifr
mod,

mtg
NC
NO
NP

obd

oD

rect
ms

Si

SPDT

SPST
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T
tan,
Ti

var
AW

it

H

i

1

1}

H

i

i

i

it

H

H

il

il

i

HA

1}

manufacturer
modular or
modified
mounting
nano = 1079
normally closed
normally open
nickel~plated
ohm

order by
description
cutside
diameter
pico = 19~12
printed cirguit
potentiometer
peak-to~peak
parts per
million

peak reverse
voltage
rectifier

root mean
sguare
silicon
single pole,
double throw
single pole,
gingle throw
small signal
siow-hlow
tantulum
titanium

volt

variable
wirewound
Watt
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Table 63,

CODE
NGO, MANUFACTURER ADDRESS
00629 | EBY Sales Co,, Inc. Jamaica, N.Y.
00656 | Aerovos Coro, New Bedferd, Mass,
00853 | Sangamo Electric Co.
S, Carolina Div, Pickens, 8,C,
031121 {Allen Bradley Co. Milwaukee, Wis,
01235 { Litton Indusiries, Inc.
Beverly Hills, Calif,
01281 | TRW Semiconductors, Inc.
Lawndale, Calii,
01295 | Texas Instruments, Inc,
Semiconductor-Components Div,
i ] Dallas, Texas
01686 | RCL Elecironics, Inc, Manchaster, N, H.
01930 | Amerock Corp. Rockiord, IlL.
02107 | Sparta Mig, Co, Dover, Ohio
02114 | Terroxcube Corp, Saugerties, N, Y.
02606 | Fenwal Laboratories Morton Grove, Il
02660 {Amphenol Corp, Broadview, Y11,
02735 | Radio Corp. of America, Solid State
and Recelving Tube Div, Somerville, N.T.
03508 { G, E, Semiconductor Products Dept.
Svracuse, N,Y,
03787 |Eldema Corp, Compton, Calif,
(3877 | Transitron Electronic Corp,
Wakefield, Mass,
03888 | Pyrofilm Resistor Co. Inc.
Cedar Knolls, N.7J.
04009 [Arrow, Hart and Hegeman Electric Co,
Hartford, Conn.
04072 {ADC Electronics, Inc. Harbor City, Calif,
34213 {Caddell & Burns Mig., Co, Inc,
Mineocla, N.Y,
04404 | *Hewlett-Packard Co, Palo Alto Div.
Palo Alto, Calif,
04713 | Motorela Semiconductor Prod, Inc,
Phoenix, Arizona
05277 | Westinghouse Electric Corp.
Semiconductor Dept. Youngwood, Pa,
05347 | Ultronix, Inc, Grand Junction, Colo.
05820 | Wakefield Enar, Inc. Wakefield, Mass.
06001 jGeneral Blect, 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 Flectrical Instrument Co.
Penacook, WN. H.
36666 |General Devices Co, Inc.
Indianapolis, Ind,
06751 [Semcor Div, Components, Inc.
Phoenix, Arizona
06776 |[Robinson Nugent, Inc, New Albany, Ind,
06812 |Tomrington Mifg, Co., West Div,
Van Nuvs, Calif,
07137 |Transistor Electronics Corp.

Minneapolis, Minn,

*Use Code 28480 assigned to Hewlett-Packard Co.,
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Code List of Manufacturers

CODE
NO. MANUFACTURER ADDRESS
07138 | Westinghouse Electric Corp.
Electronic Tube Div, Llmira, N, Y.
07263 | Fairchild Camera and Ingtrument
Corp, Semiconductor Div,
Mountain View, Calif,
07387 § Birtcher Corp., , The Los Angeles, Calif,
073597 | Sylvania Electric Prod, Inc,
Sylvania Electronic Svstems
Westarn Div, Mountain View, Calif,
07716 | IRC Div. of TRW Inc., Burlington Plant
Burlington, Iowa
07910 | Continental Device Corp.,
Hawthorne, Calif,
07933 { Ravtheon Co, Components Div,
Semiconductor Operation
Mountain View, Calif,
08484 | Breeze Corporations, Ing, Union, N.,I.
08530 | Reliance Mica Corp. Brooklyn, N.Y.
08717 | Sloan Company, The Sun Valley, Calif,
08730 | Vemaline Products Co. Inc, Wyckoff, N.T.
08806 [ Gencral Elect, Co, Minia~
ture Lamp Dept, Cleveland, Ohio
(8863 I Nylomatic Corp. Norrisville, Pa.
08919 ] RCH Supply Co. Vernen, Calif,
09021 |Airco Speer Dlectronic Components
Bradford, Pa,
39182 | *Hewlett-Packard Co., New Jersey Div,
Berkeley Heights, N.,7J,
09213 | General Blect, Co. Semiconducior
Prod. Depi. Buffalo, N,Y,
09214 i General Blect, Co. Semiconductor
Prod. Dept. Auburn, N.Y,
09353 |C & X Components Inc, Newton, Mass.,
08922 | Burndy Corp, Norwalk, Conn,
11115 {Wagner Electric Cormp.
’ Tung-Sol Div, Bloomfield, N,J.
11236 {CTS of Bemne, Inc. Berne, Ind,
11237 }Chicagoe Telephone of Cal. Inc.
80, Pasadena, Calif,
115027 |IRC Biv, of TRW Inc, Boone Plant
Boone, N.C,
11711 {General Instrument Corp
Rectifier Div., Newark, N,]J.
12135 | Philadelphia Handle Co. Inc.
Camden, N,1,
12615 U, 8, Terminals, Inc, Cincinnati, Chio
12517 [Hamlin Inc, TLake Millg, Wigconsin
12697 {Clarostat Mig, Co, Inc. Dover, N, H.
13143 |Thermalloy Co. Dallas, Texas
14493 {*Hewleti-Packard Co, Loveland Div,
Loveland, Celo,
14655 |Cornell-Dubilier Eleciréonics Div,
Federal Pacific Electric Co.
Newark, N.T.
14936 |General Ingtrumant Corp, Semicon-
1 ductor Prod, Group Hicksvilie, N.Y.
15801 |Fenwal Elect, Framingham, Mass,
15299 jiComing Glass Works, Blecironic

Gomponents Div, Raleigh, N.C.

Palo Alte, California
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Table 6-3,

Code List of Manufacturers (Continued)

COnE CODE
NO. MANUFACTURER ADDRESS NO. MANUFACTURER ADDRESS
16758 } Delco Radio Div, of General Motors Corp, 70563 | Amperite Co, Inc. Union City, N.I.
Kekomo, Ind, 70901 | Beemer Bngrg, Co. Fort Washington, Pa,
17545 | Atlantic Semiconductors, Inc, 70903 | Belden Corp, Chicage, IlL,
Asbury Park, N.I, 71218 1 Bud Radio, Inc. Willoughby, Chio
17803 | Fairchild Camera and Instrument Corp 71279 | Cambridge Thermionic Corp.
Semiconductor Div, Transducer Plant Cambridge, Mass,
Mountain View, Calif, 71400 | Bussmann Mfg, Div, of McGraw &
17870 | Daven Div, Thomas A. Fdison Industries Edison Co, St. Louis, Mo,
MoCGraw-tdison Co, Orange, N, 7, 71450 | CTS Corp, Eikhart, Ind,
18324 | Signetics Corp, Sunnyvale, Calif, 71468 } 1L 1. T, Cannon Electric Inc,
18315 | Bendix Corp. The Navigation and Los Angeles, Calif,
Control Div, Teterboro, N.J, 71590 | Globe~Union Inc,
19701 | Blectra/Midland Corp, Centralab Div, Milwaukee, Wis.
Mineral Weilg, Texas 71700 | General Cable Corp. Cornish
21520 | Fansteel Metallurgical Corp, Wire Co, Diwv, Williamstown, Mass,
No, Chicage, I, 71707 | Coto Coil Co, Inc, Providence, R.L
22229 } Union Carbide Corp. Electronics Div, 71744 | Chicago Miniature Tamp Works
Mountain View, Calif. Chicago, Ill.
22753 | UID Electronics Corp. Hollywood, Fla, 71785 | Cinch Mfg, Co, and Howard
23436 | Pamotor, Inc. Pampa, Texas B, Jones Div, Chicage, I,
24446 | General Elactric Co, Schenectady, N,Y. 715984 | Dow Corning Corp, Midland, Mich,
24455 | General Electric Co, Lamp Div. of Con- 72136 | Eleciro Motive Mfg, Co. Inc,
sumer Prod, Group Willimantic, Conn.
Nela Park, Cleveland, Ohio 72819 | Dialight Corp, Brooklyn, N.Y.
24655 | General Radic Co. West Concord, Mass., 72699 | General Instrument Corp, Newark, N,J.
24681 | LTV Electrosystems Ing Memcor/Com- 72765 | Drake Mfg. Co, Harwood Heights, Iil,
ponents Operations Huntington, Ind, 72962 | Elastic Stop Nut Div, of
26982 { Dvnaccol Mfg. Co, Inc. Saugerties, N.Y. Amerace Esna Corp. Union, N.,T1.
27014 ] Natlonal Semiconductor Corp. 72982 | Erie Technological Products Inc, Erie, Pa,
Santa Clara, Calif, 73096 | Hart Mfg, Co. Hartford, Conn,
28480 | Hewleti~Packard Co. Palo Alto, Calif, 73138 | Beckman Instruments Inc,
2B520 | Hevman Mifg, Co, Keniiworth, N.7. Helipot Diwv, Fullerton, Calif,
28875 FIMC Magnetics Corp. 73168 | Fenwal, Inc. Ashland, Mass,
New Hampshire Div, Rochester, N, H, 73293 | Hughes Aircraft Co. Electron
31514 | SAE Advance Packaging, Inc. Dynamics Div, Torrance, Calif,
Santa Ana, Calif, 73445 | Amperex Electronic Corp.
31827 | Budwig Mfg. Co. Ramona, Calif, Hicksville, N, Y,
33173 |G.E. Co, Tube Dept, Owenshoro, Ky, 73506 | Bradley Semiconductor Corp,
35434 | Lectrohm, Inc. Chicago, Il New Haven, Conn,
37942 | P, R. Mallory & Co. Inc, s 73559 | Carling Electric, Inc, Hartford, Conn,
indianapolis, Ind. 73734 { Federal Screw Products, Inc,
42190 | Muter Co, Chicago, 111, Chicago, 111,
43334 | New Departure-Hyatt Bearings Div, 74193 | Heinemann Electric Co. Trenton, N.I.
General Motors Corp, Sandusky, Ohio 74545 | Hubbell Harvey Inc, Bridgeport, Conn.
44655 { Ohmite Manufacturing Co. Skokie, Ili, 74868 | Ampheno! Corp, Amphenol RF Div.
46384 | Penn Engr, and Mig., Corp, : Danbury, Conn.
Doylestown, Pa, 74870 | E. P, Johnson Co, Waseca, Minn,
47904 i Polarcid Corp. Cambridge, Mass, 75042 | IRC Div, of TRW, Inc. Philadelphia, Pa.
49956 |Ravtheon Co. Lexington, Mass, 75183 | *Howard B, Jones Div. of Cinch
55026 |Simpson Blectric Co, Div, of American Mig, Corp. New York, N.Y,
Gage and Machine Co. Chicago, Il Y5376 | Kurz and Kasch, Inc, Davyton, Chio
56289 | Sprague Electric Co. North Adams, Mass, 75382 | Kilka Elsctric Corp. Mti. Vernon, N,Y.
58474 | Superior Dlectric Co, Bristol, Conn, 75915 | Littlefuse, Inc, Des Plaines, I,
58849 |Syntron Div. of FMC Corp. 76381 { Minnesota Mining and Mfg., Co.
Homer City, Pa. St. Paul, Minn,
59730 |Thomas and Betts Co. Philadelphia, Pa. 76385 | Minor Rubber Co. Inc, Bloomfield, N.7J,
61637 |Union Carbide Corp. New York, N, Y. 76487 |Tames Millea Mfg, Co. Inc.
63743 {Ward Leonard Electric Co. Malden, Mass,
Mt, Vernon, N.Y. 76493 1 T7.W, Miller Co, Compton, Calif,

*Use Code 71785 assigned to Cinch Mfg, Co., Chicago, Ill,
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Table 6-3,
CODE
NO. MANUFPACTURER ADIDRESS
76530 | Cinch City of Industry, Calif,
76854 | Qak Mig., Co, Div, of Oak
Electro/Netics Corp.  Crystal Lake, Il
77068 | Bendix Corp, , Blectrodynamics Div,
No. Hollvwood, Calif.
77122 1 Palnut Co. Mountainside, N,]J.
77147 | Patton-MacGuyer Co, Providence, R, L
77221 | Phaostron Instrumant and Electronic Co.
South Pasadena, Calif,
77252 { Philadeiphia Steel and Wire Corp,
Philadelphia, Pa,
77342 | American Machine and Foundry Co,
Potter and Brumfield Div. Princeton, Ind,
77630 | TRW EBlectronic Components Div,
Camden, N.T.
77764} Resistance Products Co. Harrisburg, Pa,
781891 Illinois Tool Works Inc. Shakeproof Div.
Blgin, Iil,
784521 Everlock Chicago, Inc. Chicago, Il
78488 | Stackpole Carbon Co. St. Marys, Pa,
78526 | Stanwyck Winding Div, San Fernando
Electric Mfg, Co, Inc. Newburgh, N.Y.
78553} Tinnerman Products, Inc, Cleveland, Chio
78584 | Stewart Stamping Corp. Yonkers, N,Y.
791361 Waldes Kohincor, Inc, LI.C,, N.Y.
79307 | Whitchead Metals Inc. New York, N.Y,
79727 | Continental~Wirt Electronics Corp,
Philadelphia, Pa.
799631 Zierick Mig, Co, Mt., Risco, N, Y.
800311 Mepco Div., of Sessicons Clock Co,
Maorristown, N,T.
80294 | Bourns, Inc, Riverside, Calif,
81042 | Howard Indusiries Div, of Mgl Ind, Inc.
Racine, Wisc,
81073} Gravhill, Inc, La Grange, Il
81483} Internationai Rectifier Corp.
El Segundo, Calii,
817511 Columbus BElectronics Corp, Yonkers, N.Y.
832099 | Goodyear Sundries & Mechanical Co. Inc,
New York, N,Y.
82142 | Airco Spear Elecironic Components
Du Bois, Pa.
82219 | Sylvania Electric Products Inc.
flectronic Tube Div, Receiving
Tube Operations Emporium, Pa.
82389 | Switchcralt, Inc. Chicago, I,
82647 | Metals and Controls Inc. Conirol
Products Group Attieboro, Mass,
82866 | Research Products Corp. Madison, Wis,
828771 Rotron Inc. Woodstock, N,Y.
828931 Vector Plectronic Co. Glendale, Calif,
83058 Carr Fastener Co, Cambridge, Mass,
83186 Victory Engineering Corp,
Springfield, N.J1.
832981 Bendix Corp, Blactric Power Div,
Batontown, N.T,
83330 Herman H. Smith, Inc. Rrooklyn, N.,Y,
53385 | Central Screw Co, Chicago, Il
83501 Gavitt Wire and Cable Div, of
Amerace Lsna Corp. Brookfield, Mass,
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Code List of Manufacturers {Continued}

CODE
NO. MANUFACTURER ADDRESS
835081 Grant Pulley and Hardware Co.
Weast Nyack, N.Y.
83594 | Burroughs Corp., Electronic
Components Div, Plainfield, N.T.
838351 U, S, Radium Corp. Morrigtown, N.J.
838771 Yardenvy Laboratories, Inc,
New York, N.Y.
84171 | Arco Electronics, Inc. Great Neck, N,Y.
24411 | TRW Capacitor Div, Cgallala, Neb,
86684 | RCA Corp, Blectronic Components
Earrison, N.I.
836838 Rummel Fibre Co. Newark, N.T.
870341 Marco & Oak Industries a Div, of Oak
Electro/netics Corp, Anaheim, Calif,
87216 | Philco Corp., Lansdale Div, Lansdale, Pa,
87585 Stockwell Rubber Co, Inc.
Philadelphia, Pa,
87929 Fower-Olschan Corp, Bridgeport, Conn.
281401 Cutler-Hammer Inc. Power Distribution
and Controt Div, Lincola Plant
Lincoln, Iii,
88245 | Litton Precision Producis Inc, USECO
Div. Litton Industries Van Nuys, Calif,
40634 Gulton Industries Inc. Metuchen, N.J.
Q07831 United-Car Inc, Chicago, Iil.
41345 | Miller Dial and Nameplate Co,
Bl Mounte, Calif,
91418 Radio Materials Co. Chicago, Il
915061 Augat, Inc. Attleboro, Mass,
916371 Dale Electronics, Inc, Columbus, Neb.
91662{ FElco Corp, Willow Grove, Pa,
91929 | Honevywell Inc., Div., Micro Swiich
Freeport, Il
92825 | Whitzo, Inc. Schiller Pk, , Iil,
933321 Svivania Electric Prod, Inc. Semi-
conducior Prod, Div, Woburn, Mass,
93410 Essex Wire Corp. Stemco
Controls Div, Mansfield, Ohio
34144} Raytheon Co. Components Div,
Ind, Components Oper, Quincy, Mass,
94154 | Wagner Electric Corp,
Tung-5Sol Div, Livingsion, N.T.
942221 Southco Inc, Lester, Pa,
952631 Leecraft Mig., Co, Inc. LLC,, NY,
953541 Methode Mfg, Co, Relling Meadows, Il
957121 Bendix Corp, Microwave
Devices Div, Franklin, Ind,
95987 | Weckesser Co, Inc, Chicago, Iil,
86791 1 Amphenol Corp, Amphenol
Controls Div, Janesville, Wis,
G74564 1 Industrial Retalning Ring Co,
Irvington, N.T.
97702 { IMC Magnetics Corp, bastern Div,
Westbury, NLY,
982911 Sealectro Corp. Mamaroneck, N, Y,
484101 ETC Inc. Cleveland, Qhio
98978 | International Elecironic Research Corp.,
Burbank, Calif,
39934 Renbrandt, Inc, Boston, Mass.




Reference Mir, Part # Mfr, g
Designator Description Quantity or Type Mir, Code Stock No, RS
NOTE: ALL ELECTRICAL COMPONENTS HAVE DUPLICATED QUANTITIES EXCEPT THOSE MARKED WITH AN *
Ci,9 fxd, elect 4, 7uf 38vde 4 @& 09182 0180-0100 i
C2,18 fxd, film , 01uf 200vde 4 192P10392 Sprague 56289 0160-0161 1
C3 fxd, fiim 8, 1uf 200vdc 2 192P10482 Sprague 56289 0160-0168 1
C4,7,8,1%1,

13,15,17 NOT ASSIGNED - - - - - -
C5 Ixd, film . 001lpf 200vde 2 192P10292 Sprague  5628% 0160-0153 1
Cé fxd, elect 20uf Lovde 2 30D206G015BB4  Sprague 56289 0180-0300 1
C10 fxd, elect 100uf 50vde 2 @ 09182 0180~-1852 1
Cc12, 20 fxd, elect 490uf 75vdc 4 D 38618 & 09182 G180-1888 1
Cid fxd, elect 3000uf 40vde 2 D 40015 & 09182 0180-1899 1
Cle fxd, ceramic .05uf 500vde 2 33C17A Sprague 56289 01500052 1
Ci9 ixd, elect 40uf 50vde 2 D 304481 & 09182 G180-1849 1
CR1~5,19, :

20,30, 32- Rect, si, 200ma 200prv 250mw 18 i, 09182 19010033 8
CR6~10,

12-16, 21,

28,29, 31,

33 NOT ASSIGNED - - - - - -
CR11,18, 26,

27,34 Rect. si. 34 200prv 10 MR1032B Motorcla 04713 1901-0416 6
CR17, 22-25 Rect. si, 900ma 200prv 10 IN5359 G.E, 03508 19010327 8
De1 Lamp, neon part of si, ass'y Ref & 09182 2140~0244 i
F1 *Fuse cartridge 4A@ 250V3AG 1 312004 Littlefuse 75815 2110-0055 5
Qi,2,11 S5 NPN diff, amp. si. & @ 09182 1854~0228% &
©3,5,8,10, '

12,14,15 5SS PNP si, i4 ZNZ907A Sprague 56289 1853-0099 7
Q4 Power PNP si, Z MT 2268 Motorola 04713 1853-0063 2
Q6,7 Power NPN si, 4 @ 09182 18540225 4
Q9,16 S8 NPN si, 4 4TX16AT014 GC.E. 03508 18540071 4
Q13 NOT ASSIGNED - - - - - -
R1 fxd, ww 1Kn 5% 3w 2 24281025 Sprague 55289 0813-0001 1
R2, 22,23,

© 86 fxd, met, film 6,2K+1% 1/8w 8 Type CEA T-C LR.C. 07716 06$8~5087 2
R3 fxd, met, film 15Ka21% /8w 2 Type CEA T-O LRC. 07716 0757-0446 H
R4, fxd, met, film 20K £1% /8w 2 Type CEA T-C I.R.C. 07716 0757-0449 2
RS, 26, 29,

76,77 Ixd, met, film 15K, %1% 1/8w 10 Type CEA T-O LLR.C. 07716 0757-0427 2
RE, 25 ixd, comp 360K 5% 1w 4 EB~3645 AL B, 01:21 0686-3645 1
R7 Ixd, met, film 61,9K~ 1% /8w 2 Type CEA T-O LR.C. 07716 0757~0460 1
RB, 28 Ixd, comp 560Ka 5% tw 4 EB-5645 A, B, 01121 0686-5645 1
R9,1%,17,

27,32, 37,

40,48,78 NOT ASSIGNED - - - - - -
R10 var. ww DUAL 5X=50na 2 & 09182 2100-0996 1
R12 ixd, ww 1, 3K~ 5% 3w 2 24281325 Sprague 55289 0811-1803 1
R13,1% ixd, comp SELECTED £5% 4 Type EB A, B, 011zl H
R14 fxd, comp 3.3n £5% iw Z EB-0335 A, B, 01121 0686-0335 1
R135 ixd, comp 240K~ £5% %w 2 EB-2445 A, B, 01121 0686-2445 1
R15 var. ww DUAL 1. 8K~20n 2 & 09182 2100-0995 1
R18 ixd, ww 10K~ £5% 3w 2 242E1035 Sprague 56289 0811-1816 1

6253A
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Reference Mfr. Part # Mir. &
Designator Description Quantity or Type Mir Code Stock No. RS
Y R20 fxd, met, film 1K~ £1% 3w 2 Type CER T-C LRC. 07716 0757-0338 1
; R21 fxd, comp 39n %5% tw 2 EB~3905 A.B, 01121 0686-3903 1
RZ24 fxd, met, film 4.75Ka £1% /8w 2 Type CEA T-0O IR C, 07716 0757-0437 i
R30 - wvar, ww 5Ka (Modify} 2 Type 110-T4 C.T.S. 11236 2100-1824 1
R31 fxd, comp 1Ea £5% tw 2 ER-1025 A, B. 01121 0686~1025 1
R33, 38 fxd, comp 10K £5% dw 4 EB-1035 A B. g1121 0686-1035 1
R34 fxd, comp 1804 5% Lw 2 EB-1815 A, B, 01121 0686-1815 i
R35 fxd, comp 22~ £5% %W 2 EB~2205 A.B. 01121 0686-2205 1
R36 frd, ww 1354 5% 10w 2 Type 10XM W, L, 63743 0811-1805 ]
R39 frd, met, Tilm1,.21Ka 1% /8w 2 Type CEA T-0 LR.C. 07716 D757-0274 1
R4l fxd, comp 12K~ 5% tw 2 EB-1235 A, B, 01121 0686-1235 1
R42 fxd, comp 6.8Ka 5% sw 2 EB-6825 A B, 01121 0686-6825 1
R43 fxd, met, film 4224 #1% tw 2 Type CEB T-O I.R.C, 07716 0698-4530 1
R44 fxd, comp 47K 5% %w 2 EB~4735 AL, B, 01121 0686-4735 H
R45 txd, comp 5, 1Ka 25% tw 2 EB-5125 A.B, 01121 0686-~5125 1
R46 fxd, comp 100K~ 5% tw 2 EB-1045 A, B, g11z1 0686-1045 1
R47 fxd, comp 470a 5% 1w 2 EB-4715 AL B, 01121 0686~4715 1
R49 fxd, ww 500a £5% 10w 2 ) 09182 0811~-0952 1
R50 fxd, comp 10~ 5% %w 2 EB-16805 A.B, 0liz: 06861005 1
R51 fxd, comp 30K =5% Lw 2 EB-3035 A B, 0liz1 0686-3035 1
R52 fxd, comp 22Ka 5% $w 2 EB=~2235 A.B. 01121 0686-2235 1
R53 fxd, comp 150a %5% 3w 2 EB-1515 A.B, 01121 0686-1515 1
RS54, 55 fxd, ww 0,66, C.T, +£3% 20w 4 & 09182 0811-1818 1
R55 var. ww 1Ka (Modify} 2 Type 110-F4 C.T. S, 11236 2100-0391 1
R57, 60 fxd,lnet.fﬂnx906nil% 8w 4 Type CEA T-0O I.R. C. 07716 0757-1099 1
RE8B, 58 fxd, met, film 100~+1% /8w 4 Type CEA T-O I.R.C. 07716 G757-0401 1
R61 fxd, met. film 23K~£1% /8w 2 Type CEA T-O I.R.C. 07716 0698-3269 1
R62,73 fxd, met, film 750 1% L/8w 4 Type CEA T-0Q° I.R.C. 07716 0757~03420 1
RE3 var. ww 5Kn 2 Type 110~F4 C.T.S. 112386 2100~1824 1
R64, 65 fxd, met. film 12K~+1% L/Bw 4 Type CEA T-O I.R.C. 07716 0698-5088 1
R66, 67 fxd, met, film 3.40K~21% w4 Type CEB T-O I.R. C. 07716 0698-4642 1
R68, 69 fxd, met. film 365 %1% 4w 4 Type CEB T-0O I.R.C. 07716 0757-0723 1
R70,71,75,85 fxd, met. film 3K~ 1% 1/8w 8 Type CEAT-O I.R.C. 07716 0757-1083 2
R72 var, ww 250~ (Modify) 2 Type 110-F4 C.7T.8. 11236 2100-0439 1
R74 fxd, met. film 9.09KA 1% 18w 2 Type CEA T-O I.R.C. 07716 0757-0288 1
R8O *wd, comp 33K #5% 1w 1 EB-3335 AL B, 01121 0686-3335 1
R81-83 fxd, ww 30n £5% 75w & Type 6BR-37 H.H. 73878 0811-1964 1
51 *Switch, pilot light {red) SPDT
push ON/OFF 1 54-61681 Z6 A1H Oak 87034 3101-0100 1
82 Switch, meter 2 7 03182 3100-1910 1
T1 Power Transformer 2 & - 09182 9100-1837 1
VR1,2 Diode, zener 6.2V 4 1Ng21 N.A. Elect. 06486 1902-0781 Z
VR3, 6 Diode, zener 4,22V 400mW 4 & 09182 1902-3070 2
VR4, 5 Diode, zener 4.3V 1 Watt 4 %2 09182 19020797 2
Outrigger-chassis 1 & 09182 5000-6090
Rectifier heat sink 2 ) 09182 5000-6084
P.C. Board bracket 1 g 09182 5000-6088
Transformer bracket - right 1 % 09182 5000-6087
Transtormer bracket - left 1 g 09182 5000-6183
Cover 2 & 09182 5000-6089
Outrigger cover 1 ) 09182 5000-6091
Guard ~angle 1 @ 09182 5020~5540

6253A
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Reference Mfr. Part # Mir, g
Designator  Description CQuantity or Type Mifr, Code Stock No. R3S
P,C. Board Agsembly
(includes Components) 2 & 09182  (6253-60021
Printed curcuit board {blank) 2 & 09182 50205598
Chassis assembly - right 1 & 09182 5060-6129
Chassis assembly - left 1 03 09182 5060-6130
Ass'y panel - front 1 & 09182  05253-60001
Assy sink - heat 1 & 09182 5060~6128
5 Way binding post (maroon} 2 i 09182 15100040 1
5 Way binding pest {black) 4 DF 21 BC Superior 58474 1510-0039 1
Cable clamp § 1. D. 1 T4-4 Whitehead 79307 1400~-0330 1
Line cord 74 ft. Plug PHI5] 1 KH~4096 Beldon 70903 8120-0050 1
Spacer ~ captive 4 g 09182 0380-0742 1
Strain relief bushing 1 SR-5P-1 Heveco 28520 J400-0013 1
Knok 17/64 insert pointer 4 & 09182 0370-0101 1
Knob 3/16 insert 4 B 09182 0370~0179 1
Knob % ingert pointer 2 7 09182 0370-0084 1
Barrier strip 2 g 09182 0350-1234 1
Jumper 16 422~13~11-013 Cinch 71785 0360-1143 4
Rubber bumpear 4 MBS0 Stockwell B7575 0403-0088 1
Fuseholder assembly 1 342014 Littlefuse 75915 1400-0084 1
Mica insulator G 734 Reliance 08530 0340~-0174 &
Meter 23" DUAL SCALE
0-24V 0=4A 2 & 09182 1120-1134 1
Bezel 1/6 MOD 2 ) 09182 50400651 1
Spring 8 g 09182 1460-0728 2
Fastener 11 CB8091-632-248  Tinnerman B9032 0510-0275 3
Captive nut 20 CLA 632~2 Penn, Eng, 46384 0590-0383 4
Captive nut 4 CLA 832~2 Penn. Eng, 46384 0590-0395 H
Insulator, transistor pin 12 (7 09182 0340-0166 7
Insulator 14 tp 09182 0340-0164 7
Rubber bumper 8 4072 Stockwell 87575 0403-008¢6 2
Rubber bumper blk, duro hd, 2 3066 Stockwell 87575 0403-0085 1
OPTIONS
08 Over voltage Crowbar 2 & 09182 Model 5916A 2
07 Voltage 10-Turn Potentiometers 2 Series 8400 I.R.C. 07716 2100~1885 1
08 Current 10-Turn Potentiometers 2 Series 8400 I[.R.C. 07716 2100-1864 1
0% V/(C 10-Turn Potentiometers 4 (Includes:)
Voltage 10~Turn Potentiometers 2 Series 8400 I.R.C 07718 2100-1865 L
Current 10-Turn Potentiometers 2 Series 8400 I.R.C 07716 2100-1864 1
10 Chassis Slides 2 Type 120 C.T.8 11238 1490-0870 1
13 Voltage Decadial Controls Z (Includes:)
Voltage 10-Turn Potentiometer 2 Series 8400 I[.R.C. 07716 2100-1865 1
Decadial Assembly 2 RD~-411 I.R.C. 07716 1140-0020 1
14 Current Decadial Controls 2 (Includes:)
Current 10-Turn Potentiometers 2 Series 8400 I.R.C. 07716 2100-1864 1
Decadial Assembly Z RI>-411 I.R.C, 07716 1140-0020 i
62534
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APPENDIDL A
Option 11, Overvoliage Protection "Crowbar”

DESCRIPTION:

This option is installed in DC Power Supplies, 6253A, 62554, BZBI1A, 62847, H289A, 62944, and
6Z29%A and tested at the factory. If consists of a printed circuit board, screwdriver-type front panel
potentiometer, and six wires that are soldered to the main power supply board.

The crowbar monitors the cutput voltage of the power supply and fires an SCR that effectively
shorts the output when it exceeds the preset trip voltage, The trip voltage is determined by
the setiing of the CROWBAR ADJUST control on the front panel. The trip voitage range is as
follows: '

Modal 62530 H2554 62810 62844 62894 62945 62994

Trip Voltage Rangs 2.5-23v 2,5-44v 2,5-10V 2523V 2.5-44V 2,5-65V 30-108Y

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 cuiput voltage; the trip voltage can alwavys
be set higher than this margin,

QPERATICN:
i, 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 trip voltage should exceed the desired output voltage by the following

amount: 4% of the output voltage plus 2V,

3. Slowly turn the CROWBAR ADJUST cow until the crowbar trips, output goes to 0V or a small
positive voliage,

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

5, I the CROWBAR must be completely disabled, remove the lead attached to the CROWBAR ADJUST
potentiometer RS,

DPR, MPB-3
A-1
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A-1, Replaceable Parts
REF. I MFR, HP
DESIG. DESCRIPTION TO MFR, PART NO. CODE PART NO, RS
Cl fwd, elect 1uF 50Vdc Z 30D105GO50BA2 56289 0180-0108 1
Ccz fxd, mica 510pF 500Vdc 2 RCMISESILT 040672 0140~-0G47 1
CR1-CR3 Dicde, Si. 200mA 200prv 6 09182 1901-0033 6
CR4 SCR 7.4A 100prv 2 C20A 03508 1884-0031 2
01,2 88 NPN Si. 4 | 2N3417 03508 1854-0087 4
R1 fxd, met, film 10, 1% 1/8W 2 | Tvpe CEA T-O 07716 0757-0346 1
R2 fxd, comp 2.7Ka £5% 1W 2 GB-2725 01121 0689-2725 1
R3 fxd, met. fllm 1.21KA %1% 1/8W Z | Type CEA T-O 07714 0757-0274 1
R4 fwd, met, film 7.5K~ £1% 1/8W 2 | Type CEA T-O 07716 07570440 1
RS var, ww 10K~ 5% 2 09182 2100-1834 1
RE fad, ww IKn £3% 3W 2 242E1025 56289 0813~0001 1
R7 ixd, comp 22n £5% 3W 2 | EB-2205 01121 | 0BBE-2205 1
R8 fxd, met, film 471, £1% 1/8W 2 | Type CEA T-O 07716 0698~5514 1
T1 Transformer, Pulse 2 (9182 5080-7122 1
VR1 Diode, zener 6,19V £5% 2 09182 1902-004% A
VRZ Diode, zener 2,37V 5% Z 08182 1902-3002 2
MISCELLANLOUS

tleat Sink, CR4 2 09182 5000-6229
Insulator, CR4 2 09182 (340-0462 2
Mica Washer, CR4 Z 48182 2190-0709 2

Cable Clamp 2 T4-4 79307 1400-0330

Bushing, Potentiometer, R5 2 09182 1410-0052

WNut, Hesx, R5 2 (49182 2850-0034

Label, Information, (Crowbar Adj,) 2 08182 71240389

Printed Circuit Board Assembly,
Includes Components 2 09182 5060-6175
Modified Front Panel, Includes
Components Z 09182 1 06253~-60003
52534
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H
FROM INBOARD /
SIDE OF R54

BIAS VOLTAGE FROM /
COLLECTOR OF Q7 2 §'R5
27K 10K
;ii% L CROWBAR
ADJUST
HOUT R4
Z‘iK ARt
% Q2 e
178 W TR .
) R
W 220
‘ Tl 15 % b
VRE/“] 3 z 8 2w ¥ CR4
| 6.2V - ® ; VY
¥ CR3
) 3 L
i R8 4 Il 5
P~ tf 4710
50V -tlcl‘o i
o 8w Q
g 121K §CRZ
£
1/8W
2 R
, 51 Cuuf A gj?jl
i 500V =%
; 18w
./ VR2
.
—ouT 2 24y

CIRCUIT PATENTS APPLIED FOR LICENSE TO USQE
MUST BE OBTAINED N WRITING FROM HEWLETTmE
PACKARD CO. HARRISON DIiVISION

;

Figure A-1, Model 6253A and 6284A Overveltage Protection Crowbar
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Aprit 6, 1976
March 23, 1978 {Rev.)

POWER SUPPLY MCDIFICATION
Convert Model 6253A tc 6253A~0Opt. 040

PURPOSE:

This modification allows the voltage and current programming coefficient and zero outputs of the Model 6253A
Regulated DC Power Suppiy to be conveniently adjusted {to an accuraey of 0.1%) via access holes in the top
cover.

DESCRIPTION:

The Voltage and Current Programming Adjustments each consist of two potentiometers and two fixed resistors
located on printed circuit board 5060-7811. Since the 8253A is a dual power supply with two identical but in-
dependently controtled sections, two B060-7911 PCB’s are required. The modification consists of mounting the
two 17 x 3% B060-7911 PCB’s on mounting plates 06950-94113. A programming adjust label HP Part No.
7124-2770 has been added to the mounting plate for potentiometer identification. The mounting plates are
mounted on the transformer cross-member brackets. The top cover has been modified with metal grommets

for easy access to adjust potentiometers on added PCB. Six wires are connected from each of the twe main
circuit boards to the associated 5060-7911 PCB, and removing resistors B8, R8, R25, and R28 on each main
PCB. Figure 1 illustrates the schematic changes and additions in the voltage and current input circuits, and
Table 1 lists the replaceable parts. o - :

Also, a series R-C network is added between terminals AS and —S on the rear barrier strip for each supply.
The values and HP Part Numbers for the capacitor and resistor are: 4.7uF, 35V, 0180-0100; and 39 ohms

1/2W, 0686-3805. This network increases the high frequency response of the constant voltage input circuit
during remote programming.

FACTORY CALIBRATION PROCEDURE:
NOTE

The tollowing procedure is performed on each of the
two identical power supply sections.

1. Zero Voltage Qutput. To calibrate the zerc voltage programming accuracy, proceed as follows:
a. Connect differential voltmeter between +5 and S terminals.
b. Connect a 1082, +1% Resistor between terminals A8 and —S, A
c. Rotate CURRENT controls fully clockwise and turn on supply.
d. Adjust potentiometer R124 (labeled "VOLTAGE ZERQ' and accessible through hoie in top
cover) untii differential voltmeter reads zero volts £1mV.

2. Copstant Voltage Programming Accuracy. To calibrate the constant voltage programming current, proceed
as follows:
-z Connect a 4K, 0.1%, Yawatt resistor between terminals —S and A8 on rear barrier strip.
. Disconnect strap between terminals AB and A8 on rear terminal barrier strip.
. Connect a differential voltmeter between +S and —S terminals on rear barrier strip.
. Rotate CURRENT controls fully clockwise and turn on supply.
. Adjust potentiometer R122 (labeled "VOLTAGE PROG" and accessible through the top cover)
until differential voitmeter indicates fully rated output volitage 20.4Vdc.

or

[+ e e

www.valuetronics.com



Faye — £ —

3. Zero Current Output, To calibirate the zero current programrning accuracy, proceed as follows:
a. Connect differential voltmeter between +S and —S terminals.
b. Short out current controls by connecting jumper between terminals AT and A5,
c. Rotate VOLTAGE controlls) fully clockwise and turn on supply,
d. Adjust potentiometer R128 (labeled “CURRENT ZERQ"' and accessible through top cover}
until differential voltmeter reads zero volts +2mV. :
4. Constant Current Programming.Accuracy. To calibrate the censtant current programming current, proceed
as follows: -
a. Connect test setup as shown in Figure 5-4 in Operating and Service Manual.
b. Disconnect strap between terminals A3 and A5 on rear terminal barrier strip.
¢. Connect a 1.5K8, 0.1%, Ywatt resistor beteveen terminals A1 and A5,
d. Rotate VOLTAGE controls fully clockwise and turn on supply.
e. Adjust potentiometer R126 {labeled "CURRENT PROG" and accessible through hole in top
cover) until differential voltmeter indicates 1.0 +0.01Vdc.
PARTS LIST:

Delete resistors R6, R8, R25, and R28 from the Replaceable Parts List in Operating and Service Manual. Add
the replaceable parts listed in Table 1 to the Operating and Service Manual Replaceable Parts List,

Table 1. PCB 5060-7911 Replaceable Parts

REF. _ MFR, HP
DESIG. DESCRIPTICN _ TOQ MFR. PART NO. CODE | PART NO. | RS
P.C. Board Assembly 2 28480 | 5060-7911
R121 fxd, met. film 221K £1%, 1/8W 2 Type CEA T-0 07716 | 0757-0473 1
R122 var. ww 15K +5% 8 28480 | 2109-0896 1
R123 fxd, met. film 249K £1%, 1/8W 2 Type CEAT-0 07716 | 0757-0270 1
R124 var, ww 18K 5% 28480 | 2100-0895
R125 fxd, met. film 200KQ £1%, 1/8W 2 Type CEAT-0 07716 { 0757-0472 1
R126 var, ww 16K +5% ' 28480 1 2100-0896 :
R127 fxd, met. film 300K £1%, 1/8W 2 Type CEAT-0 07716 | 0698-5093 1
R128 var, ww 18K 15% 28480 | 2100-0896
Label, Information 1 28480 | 71241721
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