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Figure 1-1. DC Power Supply, Model 62942
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MANUAL CHANGES

Model 6294A DC Power Supply
Manual HP Part No, 06294-90002

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

SERIAL MAKE

Prefix Number CHANGLS

8H 0681 - 1130 1

ALL - Errata

aH 1131 - 1220 1,2

8H 1221 - 1319 1,2,3
12025 133 - 2030 ] 1 thru 4
12024 2051-2665 1 thru 5
1932A 2566 - 2585 1thru 6
1936A 2596 - up 1thru 7

CHANGE 1:

In the Replaceable Parts Table, make the following
changes:

Change "¥Knob, Voltage Control and Meter Switch,
quantiiy 2, HP Part No, 3070-0084" to "Knob,
Meter Switch, quantity 1, HP Part No, 3070~
0084.," Add "Knob, Veltage Control, quantity 1,
HP Part No, 0370-0137."

ERRATA:

In Paragraph 5-60, on Page 5-15, change Step (a)
to read:
*Connect power supply as shown in FPlgure 5-4."

In the Replaceable Parts List, make the following
changes:
CR22~CR25: Change to 0.75A, 200prv, G.F.
15059, HP Part No., 1905-0327,

CHANGE Z:

In the replaceable parts table, make the following
changes:
81: Change to HP Part No. to 3101-1248,
Terminal Strip; Add, HP Fart No. 0360~0417,

CHANGE 3:

In the replaceable parts table and on the schematic,
change power transformer T1 to HP Part No. 06294-
80091,

CHANGE 4.

The serial prefix of this supply hes been changed
to 12028, This ig the only change.

ERRATA:

Add to the parts list the replacement lamp for
iluminated switch 3101-1248, which is used in
those supplies that include Change Z. The HP
pPart No. of the type A1H lamp is 2140-0244,

In Table 1-1 and paragraph 5-32, change the
output impedance specification to read: "15 milli-
ohms in series with 1 microhenry.

The standard colors for this ingtrument are now
mint gray (for front panel) and clive gray (for all
other external surfaces). Option X95 designates
use of the former color scheme of light gray and
biue gray. Option AB8% designates use of a light
gray front panel with olive gray used for ail other
external surfaces, New part numbers are shown
below.

CHANGE 5:

Add to paragraph 2-18 and to the parts list the
correct fuse (F1) for Option 028 (230Vac) instru-
ments, Fuse Fl should be a IA slow-blow type,
HP Part No. 2110-0007.

HP PART NUMBER
DESCRIPTICN
STANDARD OPTION ABS OPTEON X95

Front Panel 0629460004 06294~60001 e
Left Side Chassis 5060-7954 B 5060-6130
Rlght Side Chassis 5060-7954 B 5060-6129
Caover (2) 50005424 - 5000-6061
Heat Sink Assembly 5060-7967 - 5060-6128
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Manual Changes /Mndel 62944

Page - 2 - P CHANGE 7
. In the replaceable parts list, change Switeh $1 to
ERRATA: HP Part No, 3101-2287 and  change Terminal Strip
” . | . {added in Change 2 } 1o HP Part No. 6360-0015. On
Effective January 1, 1377, Optinn 008 {10-turn the schematic diagram change Switch $1 to show
current conirol) has been redesignated Option (09, two switch sections, one which breaks the AL line

Alsn, Options 013 {decadial for voltage control) {as shown), the other breaks the ACC fine.

and 014 {10~turn current control with decadial) are

no longer available individually, but they are 81079
available combined into a single new option

designated Option 015, Make these changes

wherever (ption 0088, 013 or 014 is mentioned

in the manual.

On page 2-1, delete the last sentence of para-
graph 2-2.

The front panel binding posts have been changed
to a type with better designed insulation. Delete
the two types of posts listed on page 6-7 »f the
parts list and add: black binding post, HP Part
No. 1510-0114 (gty. 2} and red binding post,

HP Part No, 1510-0115 (gty. 1%

The corrugated shipping carton for this model has
been changed to HP Part No. 9211-2570, Two
9220-2703 floater pads are used,

The blue-gray meter bezel has been replaced by a
biack one, HP Part No. 4040-0414,

BERARATA:

For all instruments delivered on or after July 1,
1978, change the HP Part No, for fuseholder from
1400-0084 to fuseholder body 2100-0564 and fusa-
holder carrier 2100-0665, Change the HP Part No.
for fuseholder nut from 2850-0038 to 2110-0660,
I oid fuseholder must be replaced for any reason,
replace complete fuseholder and nut with new
fusehotder parts, Do not replace new parts with

old parts.
CHANGE 8
In the parts Ifst, change the HP Part No. for the
hinding posts and associated

hardware to the following:
Red binding post, gty 2 1510-0091
Terminal lug, qty 2 : 0360-0042

Nut, gty 2 :2500-0001

Black binding post, gty 1 : 1610-0107
Terminal lug, gty 1 : 0360-118C

Nut, gty 3 : 2950-0144
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MANUAL CHANGES

Model 62844 DC Power Supply
Manual HP Part No, 06294-90002

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

SERIAL MAKE

Prefix Number CHANGES

8H 0691 - 113¢ i

ATL - Errata

8H 1131 ~ 1220 1,2

8H 1221 ~ 1310 1,2,3
12024 1311 - 2050 1 thru 4
120ZA 2061-2565 1 thru 5
1932A 2566 - 2605 1thru 8
TH36A 2506 - up 1thru 7

CHANGE 1:

In the Replaceable Parts Table, make the following
changes:

Change "Knob, Voltage Control and Meter Swiich,
guantity 2, HP Part No, 3070-0084" to "Knob,
Meter Switch, quantiiy 1, HP Part No. 3070~
0084," Add "Knob, Voltage Control, guantity 1,
HP Part Ne, 0370-0137."

ERRATA:

In Paragraph 5-60, on Page 5-15, change Step {(a)
to read:
"Connect power supply as shown in Pigure 5-4."

In the Replaceable Parts List, make the following
changes:
CR22-CRZ5: Change to 0.75A, 200prv, G.E,
IN5058, HP Part No. 1901-0327,

CHANGE Z;

In the replaceable parts table, make the following
changes:
51: Change to HP Part No. to 3101-1248.
Terminal Strip: Add, HF Part No. 0360~0417,

CHANGE 3:

In the replaceable parts table and on the schematic,
change power transformer TI to HP Part No. 062%4-
80091.

CHANGE 4.

The serial prefix of this supply has been changed
to 1202A. This ig the only change,

ERRATA:

Add to the parts 1igt the replacement lamp for
lluminated switch 3101-1248, which ig used in
those supplies that include Change 2. The HP
Part No. of the type AlH lamp is 2140~0244,

in Table 1-1 and paragraph 5~32, change the
output impedance specification to read: "15 miili~
ohms in series with 1 microhenry. "

The standard colors for this Instrument are now
mint gray (for front panel) and olive gray {for all
other external surfaces), Option X95 designates
use of the former color scheme of light gray and
blue gray. Option ABS5 designates use of a light
gray front panel with olive gray used for all other
external surfaces, New part numbers are gshown
below.

CHANGE 5:

2dd to paragraph 2-18 and to the parts list the
correct fuse (F1) for Option 028 (230Vac) instru-
ments. Fuse Pl should be a 1A slow-blow type,
HP Part No. 2110-0007.

HP PART NUMBER
DESCRIPTION
STANDARD OPTION ABS OPTION X985

Front Panel 06294-60004 36294-60001 e
Left S3ide Chassis 5060-7954 - 5060-6130
Rlght Side Chassis 5060-7854 e 5060-6129
Cover (2) 5000-9424 A runrsmemem 5000-6061
Heat Sink Assembly 5060-7967 I 5060-6128
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Manual Changes /Model 62944

Page -~ 2 - B CHANGE 7
. In the replaceable parts list, chenge Switeh 1 10
ERRATA: HP Part No. 3101-2287 and chargfge Terminal Strip
{added in Change 2 } to HP Part No. D360-0015. On
Effective January i, 1977, Option 008 (10-turn the schematic diagram change Switch $1 to show
current control} has been redesignated Option 009, two switch sections, one which breaks the AC line
Alsn, Options D13 (decadial far voltage control) (as shown}, the other breaks the ACC fine.
and 814 (10-turn current contrnl with decadial) are
no longer available individually, but they are 81079

available combined int> & single new option
designated Option 015, Make these changes
wherever Option 008, 013 or 014 is mentioned
in the manual.

On page 2-1, delete the last sentence of para-
graph 2-2.

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

HP Part No. 1510-0115 {(gty. 1),

The corrugated shipping carton for this model has
been changed to HP Part No, 9211-2570. Two
§220-2703 floater pads are used.

The biue-gray meter bezel has been replaced by a
black one, HP Part No. 4040-0414.

BERRATA:

For alf instruments delivered on or after July 1,
1878, change the HP Part No. for fusehoider frem
1400-0084 to fusehoider body 2100-0564 and fuse-
holder carrier 2100-0565, Change the MP Part No.
for fusehoider nut from 2050-0038 to 2110-0569.
If old fuseholder must be replaced for any reasan,
replace complete fuseholder and nut with new
fuseholder parts, Do not replace new parts with

ofd parts.
CHANGE 8§
In the parts tist, change the HP Part No. for the
ninding posts and associated

hardware to the following:
Red binding post, gty 2 1510-0081
Terminal tug, gty 2 038G-0042

Nut, gty 7 25000001

Black binding post, gty 1 1 1510-0107
Torminal fug, gty 1 @ 0360-1180

Nut, gty 3 1 2050-0144

www.valuetronics.com



KIT NO. 14523A RACK MOUNTING FOR TWO SUPPLIES 3 /2" HIGH

INSTALLATION INSTRUCTIONS

0380-0710"
e

6-32 % 3/4 1g.
Machine Screw

6-32 Hex Nut/Lockwasher

- | )
| A
i [
4
© ® =~ & [ T— ol le = ©
o o)
Hs®% 966 90 o _1.].00 see 09,
5020-8058 4(5@20-8057

To mount two units side-by-gide, proceed as follows:

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

b. Slide rack mounting ears 5020-8058 between the
front panel and case of each unit,

¢, Slide combining strip 5020~8057 between the front
panels and cases of the two units.

d. After fastening near portiong of unitg together using
the screw, nut, and gpacer provided, replace panel screws.,

HEWLETT-PACKARD

www.valuetronics.com

5850-5243
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SECTION |
GENERAL INFORMATION

1-1  DESCRIPTION

1-%Z2 This power supply, Figure 1-1, is completely
transistorized and suitable for either bench or relay
rack operation. It is & compact, well-regulated,
Constant Voltage/Constant Current supply that will
furnish full rated cutput voltage at the maximum
rated output current or can be continuously adjusted
throughout the output range. The front panel CUR~
RENT controls can be used to establish the output
current limit {overload or short circuit) when the
supply is used as a constant voltage source and the
VOLTAGE controls can be used to establish the volt-
age limit {ceiling) when the supply is uged as a
constant current source. The supply will automati-
cally crossover from constant voltage to constant
current operation and vice versa if the ouiput current
or voltage exceeds these preset limits.

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

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

1-5 The programming terminals located at the rear
of the unit allow ease in adapting to the many oper-
ational 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, Remotie Sensing. The degradation in regu-~
lation which occurs at the load because of the voli-
age drop in the lcad leads can be reduced by using
the power supply in the remocte sensing mode of
operation.

<. Series and Auto-Series Operation. Power
supplies mav be used in series when & higher out~
put voltage is required in the constant voltage mode
of operation or when greater voltage compliance is
required in the constant current mode of operation.
Auto-Series operation permits one knob control of
the total output voltage from a "master” supply.

¢. Parallel and Auto-Paraliel Operation. The
power supply may be operated in parallel with a
similar unit when greater output current capability

www.valuetronics.com

is required. Auto-Parallel operation permits one
knob control of the total cufput current from a
"master! supply.

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

1-6 SPECIFICATIONS

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

1-8  QPTIONS

1-9  Options are factory 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 necessary,
detailed coverage of the options is included through-
out the manual,

Option No, Description

07 Voltage 10-Turn Potentiometer; A
single control that replaces both
coarse and fine voltage controls and
improves output settability (62814,
62844, and 62894 only).

08 Current 10-Turn Pot: A single con-
trol that replaces both coarse and {ine
current controls and improves output
settability.

09 Voltage and Current 10-Turn Pots:
Consists of Options 07 and 08 on the
same instrument. (6281A, 62844, and
62894 only.}

11 Internal Overvoltage "Crowbar":
Protects delicate loads by monitoring
the output voltage and firing an SCR
that shorts the ouiput when a preset
trip voltage is excesded. The circuit
board is factory installed within the
supply and a Crowbar Adjust conirol
is mounted on the front panel.

Trip Voltage Range:

62814 62844 5289A
2.5-10v 2,5~23V 2.5-44V




Cption No. Description

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

false crowhar tripping is 4% of the

output voltage setting plus 2 Volts.

Refer to Appendix A for complete
details,

13 Three Digit Graduated Decadial
Voltage Caontrol: Control that re-
places voltage control permitting
accurate resettability.

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

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

1-10 ACCESSORIES

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

@ Part No. Description
C05 8" Black Handle that can be attached
to side of supply.

Rack Kit for mounting one 34 -high
supply. (RefertoSectionIlfor details.}

14513A

www.valuetronics.com

& Part No. Description

14523A Rack Kit for mounting two 3%"-high
supplies. (Refer to Secticn il for de-
tails.)

1-12 INSTRUMENT IDENTIPICATION

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

1-14 [f the serial number prefix on your power sup-
ply does not agree with the prefix on the title page
of this manual, change sheets are included to up-
date the manual. Where applicable, backdating in-
formation is given in an appendix at the rear of the
manual.

1-15 ORDERING ADDITIONAL MANUALS

1-16 One manusal is shipped with each power sup-
ply. Additional manuals mav be purchased from
yvour local Hewlett~-Packard fieid office (see list at
rear of this manual for addresses). Specify the
model number, serial number prefix, and & part
number provided on the title page.



Table I~1.

Specifications

INPUT:
115Vac +10%, single phase, 48-440Hz,

QUTPUT:
0-60 Volts € 1 Ampere.

LOAD REGULATION:

Constant Yoltage - Less then 4.01% plus Z2mV
for a tull load to no lcad change in output current.
Constant Current ~ Less than §.01% plug 250pA

for a zero to maximum change in cutput voltage.

LINE REGULATION:
Constant Voltage - Less than 0.01% plus 2mV
for any line veoltage change within the input rating.
Constant Current - Less than 0.01% plus 250u4
for any line voltage change within the input rating.

RIPPLE AND NOISE:
Constant Voltage - Less than 200uVrms/1mV p~p.
Constant Current - Less than 500uArms,

TEMPERATURE RANGES:

Gperating: 0 to 50°C. Storage; -20 to +85°¢C.
TEMPERATURE COEFFICIENT:

Congtant Voltage ~ Less than 0.02% plus 500uV
per degree Centigrade.

Constant Current - Less than 0.02% plus .5mA
per degree Centigrade.

STABILITY:

Constant Voltage - Less than 0,10% plus 2.5mV
total drift for 8 hours after an initial warm-up
time of 30 minutes at constant ambient, constant
line voltage, and constant load.

Constant Current - Less than 0.10% plus 2.5ma
total drift for 8 hours after an initial warm-up
time of 39 minutes at constant ambient, constant
line voltage, and constant load.

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE:
8 milliohms in series with Iph,

TRANSIENT RECOVERY TIME:

Less than 50psec for output recovery to within
15mV following a full load current change in the
output.

OVERLOAD PROTECTION:

& continuously acting constant current circuit
protects the power supply for all overloads includ-
ing a direct short placed across the terminals in
constant voltage operation., The consiant voltage

circuit limits the output voltage in the constant
currant mode of operation.

METER:

The front panel meter can e used as either a
0-70 or 0-7 Volt voltmeter or as a 0~1.2 or 0-0.12
Ampere ammeter. Accuracy is 3%.

QUTPUT CONTROLS:

Ten~turn voltage control and coarse and fine
current controls set desired output voltage or
current.

OUTPUT TERMINALS:

Three "five-way" output posts are provided on
the front panel and an output terminal strip is lo-
cated on the rearof the chassis, All power supply
output terminals are isolated from the chassis
and either the positive or negative terminal may
be connected to the chassis through a separate
ground terminal located on output 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 RESISTANCE PROGRAMMING:

Remote programming of the supply output at ap-
proximately 300 ohms per Volt in constant voltage
is made available at the rear terminals. In con-
stant current mode of operation, the current can
be remotely programmed at approximately 1000
ohms per Ampere.

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

The supply

SIZE:
340 H x 1457 D x 827 W. Two of the units can be
mounted side by side in a standard 19" relayrack.

WELGHT:

14 1bs. net, 19 lbs. shipping.

FINISH:
Light gray front panel with dark gray case.

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

1-3
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SECTION IT
INSTALLATION

2~-1  INITIAL INSPECTICN "in-capinet”" performance check to verify proper in-
strument ion.

2-2 Before shipment, this instrument was inspect- rament operation

ed and found to be free of mechanical and elecirical 2-7  INSTALLATION DATA

defects. As soon as the instrument is unpad{?d' e 2~8 The instrument is shipped ready for bench

spect for any damage that may have occurred in ) . .
operation. It is necessary only to connect the in-

transit. Save all packing materials until the ingpec-
tion is completed. If damage is found, proceed as
described in the Claim for Damage in Shipment sec-
tion of the warranty page at the rear of this manual.

2-3 MECHANICAL CHECK

strument to a source of power and it is ready for
operation.

2-9  LOCATION

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

2-11 RACK MOUNTING

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

2-5 ELECTRICAL CHECK

2-6 The instrument should be checked asgainst its

; ) . - 2-12 This instrument may be rack mounted in a
electrical specifications. Section V includes an v i §

standard 19" rack panel either alongside a similar

RACK EAR

\**\ COMBINING

STRIP

i I INCE e
& & & 9 | ® % I\
O i O Ji :
ot TR Ceana rnE T SRR ! §
"8G sz GO We L5y OO n
® & & & - o | |§ e S| =0 LQJ
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Figure 2-1.

Rack Mounting, Two Units
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Figure 2-2.

unit or by itself. Figures Z2~1 and 2-2 show how
both types of installations are accomplished.

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

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

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

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

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

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

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

b. Remove four screws from front panel of
unit.

c. GSlide combining strips between front pan-
el and case of unit.

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

2-15 [NPUT POWER REQUIREMENTS

Z2-16 This power supply may be operated from either
a nonminal 115V or 230V, 48-440Hz power source.
The unit, as shipped from the factory, is wired for
115V operation. The input power required when op-
erated from a 115V 60Hz power source at full load
Is:  £Z281A,62834, 6294A 528448

118w, 1.5A 135W, 1.5A
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Rack Mounting, Cne Unit

TRANSFORMER PRIMARY
CONNECTTD FOR
115 VOLT OPERATION

NOTE: CONRECTHONS BRTWEIEN
SO& 51, 54 & 55 ARE MADE WITH
COFPER QN THE PRINTY D CIRCUIT
BOARD. THEST CONNYCTIONS
MUST BE REMOVED FOR 230V
OPERAT THE CONNECTIONS
ONT RINTE D CIRCUIT BOARD
MUST BE BROKEN AND A STPARATE
EXTERNAL CONNECTION MADE
BETWEEN POINTS 5¢ & 55,

Figure 2«3. Primery Connections

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

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



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

b, Break the copper between 54 and 55 and
aiso between 50 and 51 on the printed circuit board
These are shown in Figure Z-3, and are labeled on
copper side of printed circuit board.

c. Add strap between 50 and 55.

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

2-1% POWER CABLE

2=~20 To protect operating personnel, the National
Electrical Manufacturers' Association (NEMA) recom=~
mends that the insfrument 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 instrument is
grounded. The offset pin on the power c¢able three-—

v
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prong connector is the ground connection.

2«21 To preserve the protection feature when oper—
ating the instrument from a two-contact cutlet, use
a three-prong to two-prong adapter and connect the
green lead on the adapter to ground.

2-22 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the instrument, it
is recommended that the package designed for the
instrument pe used. The original packaging material
is reusable. If it is not available, contect vour lo-
cal Hewlett~Packard field office to obtain the mate-
rials. Thisg 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 in-
strument which specifies the owner, model number,
full serial number, and service required, or a brief
description of the trouble.



SECTION I11
OPERATING INSTRUCTIONS

3-1  OPERATING CONTROLS AND INDICATORS

3-2  The front panel controls and indicators, to-
gether with the normal turn-on sequence, are
shown in Pigure 3-1.

e
%
@

TURN OGN ELQUENCE

SHOCNCOFP BAPPTON AND BATTTON SHOULD LIGHT.

Z.OSET MUTER SWITOH TO DESIRLED YOLTAGE RANGE,

TROGL UNTIE DESIRED GUYTPUT VOLTAGE
TED ON METER,

NITCH DESIELD CURBENY RANCE AND &
ERMINALE

BORT CIR-

4, ADTUST CURRLNT CONTROLE FOR DESIHED QUTPUT CURKRENT.

6, REMOVE SHORT AND CONNECT LOAD TC OUTPUT TERMINALS(FRONT
OR REAR),

Figure 3-1. Front Panel Controls and Indicators

3-3  QOPLRATING MODES

3-4  The power supply isdesigned so that itg mode
of operation can be selected by making strapping
connections between particular terminals on the
terminal strip at the rear of the power supply. The
terminal designations are stenciled in white on the
power supply above their respective terminals. Al-
though the strapping patterns illustrated in this
section show the positive terminal grounded, the
operator can ground either terminal or operate the
power supply up 1o 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 Handbook.which may be obtained from your
local Hewlett-Packard field sales office.
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3-1

33

NORMAL OPERATING MODE

3-6&  The power supply is normally shipped with its
rear terminal strapping connections arranged for
Constant Voltage/Constant Current. local sensing,
local programning, single unit mode of operation.
This strapping paitern is illustrated in Fig
The operator selects cither a constant vel
constant current output using the front pa
rols {local programming. no Strapping changes are
necessary),

A A2 AL A4 AR A A7 AR AD -5 5 A

CToalaly

- GND ¥
1 -

Ry

MONITORING
POINTS

Figure 3-2. Normal Strapping Pattern

3-7  CONSTANT VOLTAGE
3-8 To select a constant voltage cutpul, proceed
as follows;
Turn-on power supply and adiust VOLTAGE
controls for desired output voltage (output terminals
open).

. Short output ferminals and adjust CUR~
RENT controls for maximum output current allowable
{current limit}, as determined by load conditions.
If a load change cauges the current limit to be ex-
ceeded, the power supply will sutomatically cross-
over to consiant curreni output at the preset current
limit and the output voliage will drop proportionate-
iy. In setting the current limit, allowance must be
made for high peak current which can cause un-~
wanted crogss—over. (Refer to Paragraph 3-46.)

ol

3-9  CONSTANT CURRENT
3~10 To select a constani current output, proceed
as follows:

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

n. Open output terminals and adiust VOLTAGE
controls for maximum ouiput voliage allowable {volt-

age limit), as determined by load conditions. If a



load change causes the voltage limit to be exceedad,
the power supply wiil automatically crossover 1o
constant voliage output at the preset voltage limit
and the output current will drop proportionately. 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 outputterminals using separate pairgs of con-
necting wires, This will minimize mutual coupling
effects betwesen loads and willretainfull 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 noiss
pickup. (If shield is used, connect one end to
power supply ground terminal and leave the other
end unconnected, }

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

3-14 OPERATION OF SUPPLY BEYOND RATED OUTPUT

3-15 The shaded area onthefront panel meter face
indicates the amount of output voeltage or current
that is 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 ig main-
tained above 115 Vac, the supply will probably op~-
erate within its specifications,

3-16 OPITIONAL OPERATING MODES

3~17 REMOTE PROGRAMMING, CONSTANTVOLTAGE

3-18 The constantvoltage cuiputof the power sup~
ply can be programmed {contrelled) from a remote
location if required, Either a resistance or voltage
source can be used for the programming device,
The wires connecting the programming terminals of
the supplytothe remote programming device should
be twisted or shielded to reduce nolse pick-up.
The VOLTAGE controls on the front panel are dig-
abled according to the following procedures,

3-19 Resistance Programming {Figure 3-3). In this
mode, the output voltage will vary &t a rate deter-
mined by the programming coefficient (200 ohms per
Volt for Models 62534, 62534, 62814, 62844, and
652894 or 300 ohmsg per Volt for Models 62944 and

www.valuetronics.com

62992}, 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 to within 2% of 5mA for
Models 62534, 62554, 62814, 6284A, and 62894 or
2% of 3.3mA for Models 62940 and 6299A. Tf greater
programming accuracy is required, itmay be achieved
by changing resistor R13.

elelelglelalplelalalzllglal7)

RESISTOR

Pigure 3-3. Remote Resistance Programming

{[Constant Voltage)

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

achleved by changing resistor R6 or R§ as described
in Paragraph 5~59,

3~-21 To maintain the stability andtemperature co-
efficient of the power supply. use programming
resistors that have stable, low nolse, and low
temperature {less than 30 ppm per degree Centi~
grade) characteristics, A switch can be used in
conjunction with various resistance values in order
to obtain discrets outputvoliages, The switch
should have make~before~break contacts to avoid
momentarily opening the programming terminals
during the switching interval,

3-22 Voliage Programming (Figure 3-4} Employ
the strapping pattern shown on Figure 3-4 for

Al AZ AT A4 A5 AB AT A8 A9 D - GND +

eleleiglelelzlelglziplclolole]

f o L

Rx

REFERENCE Ry

VOLTAGE "‘~[ :

Figure 3~4, Remote Voltage Programming
{Constant Voltage)



voltage programming. [n this mode, the output volt-
age will vary in a 1 to 1 ratio with the programming

voltage reference voltage) and the load on the pro-

gramming voltage source will not exceed 25mA.

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

3-24 REMOTE PROGRAMMING, COWNSTANT
CURRENT

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

3-26 Resistance Programming (Fiqure 3-5). In this
mode, the cutput current varies at a rate determined
by the programming coefficient — 200 ohms per Amp
for Model 62814, 500 ohms per Ampere for Models
GZ53A, 62584, 62844, and 62894, and 1000 ohms per
Ampere for Models 62947 and 6295%A. The program-
ming coefficient ts determined by the Constant Cur-
rent programming current (2mhA for Models 62534,
6Z55A, 62844, and 62834, 5mad for Model 62814, 1mA
for Model 62944 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
Section V.

Al A2 A3 A4 A5 AE A7 AB A9 -S -~ COND 4+ 45 AIQ

[9lelolgloleizlelelziple]

L g W ST

PROGRAMMING LN
RESISTOR
Figure 3~5. Remote Resistance Programming

{Constant Current}

3-27 Use stable, low noise, low temperature coef-
ficient (iess than 30ppm/°C) programming resistors
to maintain the power supply temperature coefficient
and stability specifications. A switch may be used
to set discrete values of output current. A make-
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 gutput current will rise to a
value that may damage the power sup-
ply and/or the load. To avoid this
possibility, connect a resistor across
the programming terminals having the
value listed below. Like the program-
ming resistor, this resistor should be
of the low noise, low temperature coef-
ficient tvpe,

Model  6253A4,6284A G255A, 6289A,6299A
Resistance 1. 5Ka 750n

Model 62814, 6294A
Resistance 1Ka

3-28 Voltage Programming (Figure 3-6). In this
mode, the cutput current will vary linearly with
changes in the programming voltage. The program-
ming voltage should not exceed 1.2 Volts. Voltagein
excess of 1.2 Volis will result in excessive power
dissipation in the instrument and possible damage.

Al AZ A3 A4 AT AL AT A8 A9 -5 -~ GND + +5 AlID

[ﬁdd%d%@ﬂ@@ﬂ@m

L W ted Wt .t

Ry
i ———AAA— Lt
REFERENCE Ry
VOLTAGE

Figure 3-6. Remote Voltage Programming

{Constant Current)

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

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

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

3-31 Remote sensing is used to maintain good regu-
lation at the load and reduce the degradation of reg-
ulation which would cccur due to the voltage drop

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



ping patterns. The leads from the +S ferminals 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.

CAUTION

Observe polarity when connecting the
sensing leads to the load.

or more power supplies can be operated in series 1o
obtain a higher voliage than that available from a
single supply. When this connection is used, the
output voltage is the sum of the voliages of the in~
dividual supplies. Each of the individual supplies
must be adjusted in order to obtain the total cutput
voltage. The power supply contains a protective
diode connected internally across the ocutput which
protects the supply if one power supply is turned off
while {ts series partner(s) is on.

Al A7 A3 a4 A5 A6 AT AB AQ -5

lelelglgleizlglelle]

L) | i

GND + + 5 Ai0

Figure 3-7. Remote Sensing

3-32 Note that it is desirable to minimize the drop
in the load leads and it is recommended that the
drop not exceed 1 Volt per lead if the power supply
is to meet its de specifications. If a larger drop
nmust be tolerated, please consult a Hewletti~-FPackard
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
made.

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

a. Disconnect output capacitor C20 by dig-
connecting the sirap between A9 and -8,

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

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

3-35 SERIES CPERATION

3-36 Normal Series Connectiong {Fiqure 3-8}, Two

L]
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A1 A2 A% A4 AB AB AT AR A% -5

lele

-~ GND + 5 AID

LOAD

AN

BEHEELIERIE

AL A2 A3 A4 A5 A6 A7 A8 A9 -5 — GND + +5 al0

Figure 3-B. Normal Series Connections

3-37 Auto~Series Connections (Figure 3-9), The
Auto-Series configuration is used when it is desir-
able to have the output voltage of sach of the series
cennected supplies vary in accordance with the
setting of a control unit. The control unit i called
the master; the controlled units are called slaves.
At maximum output voltage, the voltage of the
slaves is determined by the setting of the front
panel VOLTAGE 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 equal to
the lowest control setting. If any output CURRENT
controls are sei too low. automatic crossover 1o
congtant current operation will occur and the out-
put voltage will drop. Remote sensing and pro-
gramming can be used; however, the strapping ar-
rangements shown in the applicable figures show
local sensing and programming.

3-38 In order to maintain the temperature coeffigs
lent 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-
ply. The value of Rx ig this voltage divided by the
voltage programming current of the slave supply
(1L/Kp where Kp is the voltage programming coef-
ficient). The voltage contribution of the slave is
determined by its voltage control setting.
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Ry
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A2 A3 A4 AD A6 A7 A8 A9 -5 -~ GND + +9§ A0
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MAS?ER

LOAD

Q ]
GN?/ /+s ALO

/ SLAVE WO.1

0|gle|2lP]
Al AZ A3 A4 AD A6 ATN\ASB AS -5 GND + /45 AI0
SLAVE NC.2

Auto-Series, Two and Three Units

EEEEEERE:

oA

Figure 3-9.

3-39 PARALLEL OPERATION

3~40 Normal Paralleil Connections (Figure 3-10).
Two or more power supplies can be connected in
parallel to obtain a totel ouiput current greater than
that available from one power supply. The total
cutput current is the sum of the output currents of
the individual power suppiies. The output CURRENT
controls of each power supply can be separately
set. The ouiput voltage controls of one power sup-
ply should be set to the desired output voltage:

the other power supply should be set for a slightly
larger cutput voltage. The supply set to the lower
ocutput voitage will act as a constant veltage
source; the supply set to the higher output will act
as a constant current source, dropping its output
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Al A2 A3 A4 A8 A6 AT AB A9 -S -~ GND + +5 A0
Q@
Ry
i W | F o Y .1 - oY
BRI RBIRS
Al AZ A3 a4 a0 A& AT AB A9 -S - GND + +5S AIO

3-5

Figure 3-10. Normal Parallel Connections

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

tion of its total rated outiput current which is neces-
sary to fulfili the fotal current demand.

9lelg l%l@l@l@l@i@@ 21qlglzlp]
Al A AZ A4 AStAB A7 A8 Ag -85 -1 GND +/:.S\ 0
slelglglelelolelzlaldle]dlole]
/SLAVE
elellglelzlrlplelglele glale]

| g W) L A W

' \}

lolglgiglelé[elqlglplelgl8]9]
L RN DL

Figure 3-131. Auto-Parailel, " Two and Three Units

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



ditions, and aliows complete control of ocutput 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
avoid having the slave revert to constant current
operation; this would occur if the master output
current setting exceeded the slave's.

Al A2 A3 A4 AD A6 AT AB AD -S — GND + +$ AID
5| !

MASTER

in LOAD

[ee[e[9]o]d]g[9[0]¢]0|elofs|e
Al A2 A3 A4 AS AB ATV\AB A% -5 ~— GND +/5LA3E£)

Al A2 A3 A4 AS A6 AT A8 A9 ~% -~ GND + +5 A0

lelelelplolalnioialniglolelalo]

g | W L
MASTER
1OAD
Ry
LOAD
g\ N

BB

Al AZ A3 A4 A5 A6 AV AB AS -5 7 GND + +3 AID

SLAVE NO.I
Ry

AN LoaD

W) f 1 Fam W . L“"\ T

lele]¢[¢]o]o]e[q[0]0]0 0|¢lp o]

Al AZ A3 A4 A5 AB AT ABNAD -5 - GND +J/+S AID

SLAVE NO.2

Figure 3-12, BAuto-Tracking, Two and Three Units

3-42 AUTCO-TRACKING OPERATICN (See Figure 3-12)

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

3-6
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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 contrelling the slave's cutput. 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 voltage of the slave is a percent-
age of the master's output voltage, and is deter-
mined by the voltage divider consisting of Ry (or Ry
and Ry) and the voltage control of the slave supply,
Ry where: Eg=EpRp/Ry + Rp. Turn-on and turn-off
of the power supplies is controlied by the master.
Remote sensing and programming can be used; ai-
though the strapping patterns for these modes show
oniy local sensing and programming. In order to
maintain the temperature coefficient and stability
specifications of the power supply, the external re-
sistors should be stable, low noise, low temperature
{iess than 30ppm per ©C) resistors.

3-45 SPECIAL OPERATING CONSIDERATIONS

3~46 PULSE LOADING

3~47 The power supply will automatically cross-
over from constant voitage to constant current oper-
ation, or the reverse, in response to an increase
{over the preset limit) in the output 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 OCUTPUT CAPACITANCE

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

3-50 The effects of the output capacitor during
constant current operation are as foilows:

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

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

¢, A large surge current causing & high pow-
er dissipation in the load occurs when the load re-
sistance is reduced rapidly.



3-51 REVERSE VQLTAGE LOADING

3-5Z2 A diode is connected across the output fermi-
nals. Under normal operating conditions, the diode
is reverse biased {ancde connected o negative fer-
minal), If a reverse voltage is applied to the output
terminals (positive voltage applied to negative ter-
minal), the diode will conduct, shunting current
across the output terminals and limiting the voltage
to the forward voltage drop of the diode. This diode
protects the series transistors and the output elec-
trolytic capacitor.
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3-53 REVERSE CURRENT LOADING

3-54 Active loads connected to the power supply
may actually deliver a reverse current to the power
supply during a portion of its operating cycle. An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor. To avoid
these effects, it is necessary to preload the sup=-
ply with 2 dummy load resistor so that the power
supply delivers current through the entire operating
cycle of the load device.



SECTION IV
PRINCIPLES OF QPERATION

REFERENCE
REGULATOR
CIRCUIT
CONSTANT [
AC BIAS e BIAS CURRENT
INPUT [ TRANSFORMER SUPPLY T VOLTAGE INPUT
CIRCUIT
RECTIFIER SERIES +
AND REGULATOR iy O
FiLTER CURRENT
SAMPLING
Y WIXER AND RSESISTOR
E£RROR
AMPLIFIER
g N
DR
CONSTANT |@
E GATE 1 VOLTAGE
- INPUT |
NOTE: CIRCUT
rmrre——s—sts JENOTES VOLTAGE : B
FEEDBACK PATH + WETER
—ensser—smmin—e DENOTES CURRENT 1 CIRCUIT |
FEEDBACK PATH <
’s)
Figure 4~1. Overall Block Diagram
4~1 OVERALL BLOCK DIAGRAM DISCUSSION current. The voliage developed across the sampling
resistor network is the input to the constant current
4-2 The power supply, as shown on the overall input circuit. The constant voltage input circuit
block diagram on Figure 4-1, consists of & power obtains its input by sampling the output voltage of
transformer, a rectifier and filter, a series regula- the supply.
tor, the mixer and driver amplifiers, an "OR" gate,
& constant voltage input circuit, a constant current 4~4  Any changes in output voltage/current are de-
input circuit, a reference requlator circuit, a bias tected in the constant voltage/constant current in-
supply, and a metering circuit. put circuit, ampiified by the mixer and driver ampli-
fiers, and applied to the series regulator in the cor-
4-3 The input line voltage passes through the rect phase and amplitude to counteract the change
power transformer to the rectifier and filter. The in output voltage /output current.
rectifier~filter converts the ac input to raw dc which
is fed to the positive terminal via the regulator and 4-5 Since the constant voltage input circuit tends
current sampling resistor network. The regulator, to achieve zero output impedance and alters the out~
part of the feedback lcop, is made to alter its con- put current whenever the load resistance changes,
duction to maintain a constant output voltage or while the constant current input circuit causes the
41
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output impedance to be infinite and changes the out-
put voltage in response to any ioad resistance
change, it is obvicus that the two input amplifiers
cennct operate simultaneocusly. For any given value
of load resistance, the power supply must act either
as a constant voltage source or as a constant cur—
rent source — it cannot be both.

4-6 Figure 4-2 shows the outpui characteristic of
a Constant Yoltage/Constant Current power supply.
With no load attached (R, = o), lopT = 0, and
EayuTt = Eg, the front panel voltage control setting.
When a load resistance is applied to the output ter-
minals of the power supply, the cuiput current in-
creases, while the ouiput voltage remains constant;
point D thus represents a typical constant voltage
operating point. Further decreases in load resist-
ance are accompanied by further incresses in IQUT
with no change in the output voltage until the ouiput
current reaches Ig, a value egual to the front panel
current control setting. At this point the supply
automatically changes its mode of operation and be~
comes a censtant current source; still further de-
creases in the value of lcad resistance are accom-
panied by a drop in the supply cutput voltage with
no accompanying change in the output current value.
With a short circuit across the output load terminals,

oyt = Is and EquT = 0.

GPLIN GIRCUIT LOAD CONETANT VOLTAGE

OPERATING REGION

- -
‘ é ve
!‘/ / CONSTANT CURRENT
Rppic-oy Ry = R{__/,/ / COPERATING REGION
/ iy <Bet
I / - ~ %7

SHORT CIRCUIT LOAD

B = PRONT PANEL VOLTAGE CONTROL SETTING
I = FRONT PANEL CUREENT CONTROL SETTING
Re= ?{é = “CRITICALY OR “CROSSOVER"

Y5 YALUE OF LOAD RESISTANGE.

Operating Locus of a CV/CC
Power Supply

Figure 4~2.

4-7 The "crossover" value of load resistance can
be defined as R = Eg/Ig. Adjustment of the front
panel voltage and current contrels permits this
ncrossover" resistance Ro to be set to any desired
value from O to «. If Ry, is greater than Rg, the
supply is in constant voltage operation, while if Ry,
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is less than R, the supply is in constant current
aperation.

4-8  DETAILED CIRCUIT ANALYSIS (Refer to over—
a1l schematic disgram at rear of manual)

4~5  FEEDBACK LGOP

-4-10 The feedback loop functions continuously to

keep the output voltage constant, during constant
voltage operation, or the output current constant,
during constant current operation. For purposes of
this discussion, assume that the unit is in constant
voltage operation and that the programming control,
R10, has been adjusted so that the supply is yield-
ing the desired output voltage., Further assume that
the output voltage instantaneously rises (goes posi-
tive) due to a variation in the external load circuit.

4-11 Noie that the change may be in the form of a
slow rise in the output voltage or a positive going
ac signal. Anac signal is coupled to summing
point AG through capacitor Cl and a dc voltage is
coupled to A6 through R10.

4-12 The rise in output voltage causes the voltage
at 26 and thus the base of Q1A 1o decrease (go neg-
ative). QLA now decreases its conduction and its
collector voltage rises. The positive going error
voltage is amplified and inverted by Q3 and fed to
the series transistors Q6 and Q7 via driver Q4. The
negative going input causes 06 and Q7 to decrease
their conduction so that they drop more of the line
voltage, and reduce the output voltage to its origi-
nal level.

4-13 1If the external leoad resistance is decreased
to a certain crossover point, the output current in-
creases until transistor Q24 begins to conduct.
During this time, the output voltage has aisc de-
creased to a level so that the base of QlA is at a
high positive potential., With Q1A in full conduc~
tion, its collector voltage decreases by the amount
necessary to back bias OR gate dicde CR3 and the
supply is now in the constant current mode of oper-
ation. The crossover point at which constant current
operation commences is determined by the setting
of CURRENT control R16. The coperation of the feed-
back loop during the constant current operating
mode is similar to that occuring during constant
voltage operation except that the input (o the differ-
ential amplifier comparison ¢ircuit is obtained from
the current sampling resistor network. i

4-14 SERIES REGULATOR

4~15 The series regulator consists of transistor
stages Q6 and Q7 {see schematic at rear of manual).
Transistor Q6 is the series element, or pass transis-
tor, which controls the output. Transistor Q7, to-
gether with shunt resistors R81, R8Z, and R83, are




connected in a manner which minimizes the power
dissipated in series transistor Q6. The bias veltage
for 37 is developed across CR12 and CR13. The
conduction of QF will decrease as the collector-to-
emitter voltage of ()6 approaches the voltage devel-
oped across the bilasing diodes. At low output voit-
ages Q7 is completely cutoff and all of the load
current flows through the shunt resistors. The voli~
age that is dropped across Q7 and the shunt resis-
tors reduces the voltage dropped across 06, thus
diminishing its power dissipation, The reliability
of the reguliator is further increased by mounting the
shunt resistors outside the rear of the cabinet so
that the internal components are operated under low-
er temperature conditions. Dicde CR11, connected
across (6, protecte it from reverse voltages that
could develop across it during paratiel or auto-
paralie]l operation if one supply is turned on heiore
the other. Diodes CR18 and CR19 perform a similar
function for Q7.

4-16 CONSTANT VOLTAGL INPUT CIRCUIT

4-17 The circuit consists of VOLTAGE control R10
and a differential amplifier stage {(Ql and associated
components). Transistor Q1 consists of two transis-
tors housed in a single package. The transistors
have matched characteristics minimizing differential
voliages due to mismatched stages, Moreover, drift
due. to thermal differentials is minimized, since
both transistors operate at essentially the same
temperature.

4-18 The constant voltage input circuit continuous-
ly compares a fixed reference voltage with a portion
of the output voltage and, if a difference exists,
produces an error voltage whose amplitude and phase
is proportional to the difference. The error output is
fed back to the series regulator, through an OR gate
and the mixer/error amplifiers. The error voltage
changes the conduction of the series regulator,
which, in turn, alters the output voliage so that the
difference between the two input voltages applied to
the differential amplifier is reduced to zero. The
above action maintains the output voltage constant.

4~19 Stage Q1B of the differential amplifier is con~
nected to & common (+8) potential through impedance
equalizing resistor RS, Resistors R6 and R8 are used
to zero bias the input stage, offsetting minor base-
to-emitter voltage differences in Ql. The base of
Q1A is connected to 2 summing point at the junction
of R10 and R1Z2, R13. Instantancous changes in out-
put voltage result in an increase or decrease in the
summing point potential. Q1A is then made to con-
duct more or less, in eccordance with the summing
point voitage change. The resuliant output error
voltage is fed back to the series regulator via OR-
gate diode CR3J and the remaining components of the
feedback loop. Resistor R1, in series with the base
of Q1A, limits the current through the programming

4-3

www.valuetronics.com

resistor during rapid voltage turn-down. Diodes
CR1 and CRZ form a limiting network which prevent
excessive voltage excursions from over driving
stage QlA. Capacitors Cl and CZ, shunting the
programming resistors, increase the high frequency
gain of the input amplifier. Pullout resistor R13,
shunting resistor R1Z2, serves as a trimming adiust-
ment for the programming current that flows through
the voltage control from the +6.2 Voit reference
source. R13 is factory selected so that all of the
+6.2 Volt reference is dropped across R1Z and R13.
This keeps the programming current constant, thus
assuring linear constant voltage programming.

4-20 Main output capacitor 20, connected across
the output of the supply, stabilizes the feedback
ioop when the normal strapping pattern shown on
the schematic is employed. Note that C20 c¢an be
removed {6 avoid output current surges or to in-
crease the programming speed of the supply. With
C20 removed, capacitor C19 serves to maintsin
loop stability.

4~21 CONSTANT CURRENT INPUT CIRCUIT

4-22 This circuit is similar in appearance and op-
eration to the constant voltage input cirecult. It
consists basically of the current programming re-
sigtors R16A and B, and & differential amplifier
stage (Q2 and a2ssociated components). Like tran-
sistor Q1 in the voltage input circuit, Q2 consists
of two transistors, having matched characteristics,
that are housed in & singie package.

4-23 The constant current input circuit continuous-
ly compares a fixed reference voltage with the volt-
age drop across the current sampling resistor, R34.
If & difference exists, the differential amplifier pro-
duces an error voltage which is proportional to this
difference. The remaining components in the feed-
back loop (ampiifiers and series regulator) function
to maintain the drop across the current sampling
resistor, and consequently the output current, at a
constant value.

4-24 Stage QZB is connected to a common (+8) po-
tential through impedance equalizing resistor R26.
Resistors RZ5 and R28 are used to zerc bias the in-
put stage, offsetting minor base-to-emitter voltage
cifferences in QZ, Instantaneous changes in output
current on the positive line are felt at the current
summing point and, hence, the base of QZA., Stage
Q2A varies its conduction in accordance with the
polarity of the change at the summing peint. The
change in QZA's conduction also varies the conduc-
tion of Q28 due to the coupling effects of the com~
mon emitter resistor, R2Z. The error voltage is taken
from the coilector of Q2B and fed back to the series
regulator through OR-gate diode CR4 and the remain-
ing components of the feedback loop. The error volt-
age then varies the conduction of the regulator so



that the ocutput current is maintained at the proper
level,

4-25 Resistor R28, in conjunction with R21 and C3
helps stabilize the feedback loop Diode CRS limits
voltage excursiong on the base of Q2ZA. Resistor
R19, shunting the pullout resistor, serves as a
trimming adjustment for the programming current
fiowing through R16.

4-26 VOLTAGE CLAMP CIRCUIT

4-27 The voltage clamp circuit keeps the constant
voltage programming current relatively constiant
when the power supply is operating in the constant
current mode. This is accomplished by clamping
terminal A6, the voltage summing point, to a fixed
bias voltage. During constant current operation the
constant veltage programming resistor is a shunt
toad across the output terminals of the power supply.
When the output voltage changes, the current through
this control also tends to change. Since this pro-
gramming current flows through the current sampling
resistor, it is erronecusly interpreted as a load
change by the current input circuit. The clamp cir-
cuit eliminates this undesirable effect by maintain-
ing this programming current constant.

4~28 The voltage divider, R51, R%Z, and CR31,
back biases CR30 and Q10 during constant voltage
operation. When the power supply goes into con-
stant current operation, CR30 becomes forward
biased by the collector voltage of 1A, This results
in conduction of Q10 and the clamping of the sum-
ming point at & potential oniy slightly more negative
than the normal constant voliage potential. Clamp~
ing this vqoltage at approximately the same potential
that exists in constant voltage operation, results in
a constant volitage across, and consequently a con-
stant current through, the programming current resis-
tors R12 and R13.

4-29 MIXER AMPLIFIER AND DRIVER

4-30 The mixer and driver amplifiers amplify the
error signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series regulating transistors. Transistor Q3
receives its error voltage input from either the con-
gtant volitage or constant current circuit via the OR-
gate diode (CR3 or CR4) that is conducting at that
time, Diode CR3 is forward biased, and CR4 reverse
biased, during constant voltage gperation. The re-
verse is true during constant current operation.

4~31 The RC network, composed of C5 and R3¢, is
an equalizing network which provides for high fre-

quency roil off in the loop gain response in order to
stabilize the feedback loop.

4-32 Emitter follower Q4 serves as the driver ele-

4-4
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ment for the series regulator. For greater current
gain, Q4 is connected in & Darlington configuration
with regulating transistor, Q6.

4-33 REFERENCE CIRCUIT

4-34 The reference circuit is a feedback power sup-
ply similar to the main supply. It provides stable
reference voltages which are used throughout the
unit. The reference voltages are all derived from
smoothed do obtained from the full wave rectifier
{CRZZ and CR23) and filter capacitor C10. The +6.2
and -6.2 voliasges, which are used in the constant
voltage and current input circuits for comparison
purposes, are developed across temperature com-
pensated Zener diodes VR1 and VRZ2. Resistor R43
limits the current through the Zener dicdes to estab-
lish an optimum biag tevel.

4-35 The regulating circuit consists of series regu-
lating transistor Q% and error amplifier O8. Cutput
voltage changes are detected by Q8 whose bhase is
connected to the junction of a voltage divider (R41,
R4Z} connected directly across the supply. Any er-
ror signals are amplified and inverted by Q8 and ap-
plied to the base of series transistor 9. The series
element then alters its conduction, in the direction
and by the amount necessary to maintain the voltage
across VR1 and VR2 constant. Resistor R46, the
emitter resistor for 08, is connected in a8 manner
which minimizes changes in the reference voltage
caused by variations in the input line. Cutput capa-
citor C9 stabilizes the regulator loop.

4-36 METER CIRCUIT

4-37 The meter circuit provides continucus indica-
tions of output 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
of the METER switch 82 on the front panel of the
supply. This switch also selects one or two meter
ranges on each scale. The meter circuit consgists
basically of a selection circuit {switch §2 and asso-
ciated voltage dividers), stable differential ampiifier
stages (Q11, ¢12, and Ql4), and the meter move-
ment.

4-38 The selection circuit determines which voliage
divider is connected to the differential amplifier in-
put. When the METER section of 82 is in one of the
voltage positions, the voltage across divider R58,
R60, and R&1 (connected across the output of the
supply} is the input to the differential amplifier.

4-39 When 82 is in one of the current positions the
voltage across divider R56, R57, and R58 is the in-
put to the differential amplifier. Note that this divi-
der is connected ascross the sampling resistor net-
work. The amplified cutput of the differential ampli-
fier is used to defisct the meter.



4-40 The differential amplifier is a stable device
having a fixed gain of ten. Stege Q11B of the am-
plifier receives & negative voltage from the appli-
cable voltage divider when 52 is in one of the volt~
age positions while stage Q11A is connected to the
+8 {common) terminal, With S2Z in a current position,
stage Ql1A receives a positive voltage from the ap-~
plicable voltage divider while stage Q118 is con-
nected to the +5 terminal, The differential output
of the amplifier is taken from the collectors of Q12
and Qi4. Transistor ©l5 is a constant current
source which sets up the proper bias current for the
amplifier. Potentiometer R63 permits zeroing of the
meter.

4-41 The meter amplifier contains an inherent cur-
rent limiting feature which protects the meter move-
ment against overleoads. For example, if METER
switch 82 is placed in the low current range when
the power supply is actually delivering & higher
Ampere output, the differential smplifiers are quick-
iy driven into saturation limiting the current through
the meter to a safe value.

+$
&
RSQ;
-s  Rei |
Oy A
REO
Figure 4-3., Voltmeter Connections,

Simplified Schematic
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O

Figure 4-4. Ammeter Connections,
Simplified Schematic

4-42 Figures 4-3 and 4-4 show the meter connec-
tions when the METER section of 82 ig in the higher
voltage and current range positions, respectively.
For the sake of simplicity, some of the actual cir-
cuit components are not shown on these drawings.
With the METER switch in the higher voltage range,
position 2, the voltage drop across R5% is the input
to the meter amplifier and the meter indicates the
output voltage across the +5 and -5 terminais. For
low output veltages, 32 can be switched 10 the low
voltage position (1) resulting in the application of a
larger percentage of the output voltage (drop across
R59 and R60C) to the meter amplifier.

4-43 As illustrated in Figure 4-4 with the METER
switch in the high current position (3) the voltage
drop across RS8 is applied to the meter amplifier
and the meter indicates the ouiput current which
flows through the sampling resistor network. For
low values of cutput current, the METER switch can
be set to position 4 and the voltage drop across RS7
and R58 is applied to the meter amplifier.



LG

WA

S-1 0 INTRODUCTION

5-2  Upon receipt of the power supply, the per-
formance check (Paragranh 5-10) should be made,
This check is sultabis for incoming inspection. I
atault 1s detected in supply while making

the performance check or during normal operation,

B power

proceed to the troubleshooting procedures (Para-
graph 41). After troubleshooting andrepais (Para-

graph 5-46), perform any nec ary adjusimenss
and calibrations (Paragraph 5-48), Befors returning
the power supply to normal operation, rerg
performance checkto ensure that the fault has been
propaerly corrected and that no other fauits exist,
Before doing any maintenance checks, turn on pow -
er supply, allow & hali-hourwarm-up, and read the
general information regarding measurement teche-
niques (Paragraph 5-3),

s g

5-3  CENERAL MEASUREMENT TECHNIQUES

S-4  The measuring device must be connected
across the sensing leads of the supply or as closs
tothe outputterminals as possiblewhen measuring
the cutput impedancs. transient response, regulas-
tion, orripple of the power zupply in order to
achieve valid measurements. A measursment made
across the load includes the impedance of the leads
to the load and such lead lengths can easily have
an impedance several orders of magnitude greater
than the supply impedance, thus invalidating the
measurement,

5-5  The monitoring device should be connected
to the +8 and -5 terminals (see Tigure 3-2} or as
shown in Figure 5~1. The performance characteris-—
tics should never he measured onthe front tarminals
if the load is connected across the rear tarminals,
Note that when measurements are made aithe front
terminals, the monitoring leads are connacted at A,
not B, ag shown in Figure 5-1, TFailure to connect
the measuring device atA willresultin & measure-
ment that includes the resistance of the leads be~
tween the cutput terminals andthe point of connec~
tion,

a

For output current measurements, the current

5
sampling resistor should be a four-terminal resig-

6
m
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TION Y
TENANCE

OUTFT TERMIN AL

(8

N N
N,

q{_ 3

MCHITOR

LOAD LEAD 4

Figure 5~1. TFront Panel Terminsl Connections

tor. The four terminals are gonnectsd as shown in
Figure 5-2. In acddition, the registor should be of

the low noise, low temperature coefficient {(less
than 30ppm/9C) type and should be used at no
more than 5% of itsrated power sothat its temper-
ature rise will be minimized.

CURRENT SAMPLING
TERMINALS

EXTERNAL

LOAD

T8 UNGROUNDED
TERMINAL OF

POWER SUpPPLY

TO GROUNDGED
TERMINAL OF

' POWER SUPPLY
S&MPL\NG\\ . -

" RESISTOR
LOAD
TERMINALS

Figure 5-2. Qutput 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 ofther means,
5-8  TEST BOUIPMENT REQUIRED
5~9 Table 5-1 lists the test equipment required to

perform the various procedures described in this
Section.



Taple 5-1,

Tast Dguipmant Required

TYPL

REGQUIRED
CHARACTERISTICS

USE

RECOMMENDED
MODEL

Differantial
Voltmater

Variable
Voltage
Transiormer

AC Voltmeter

Cscilloscope

Oseitlator
DC Voltmater
Repetitive

Load Switch

Resistive
Loads

Current
Sampling
Resistor
Resistor
Resistor

Resistor

Resistor

Capacitor

Decade
Resistance
Box

Sensitivity: lmV full scale (min. ).
Input impedance:

Range: 90-130 volts. Equipped with
voltmeter accurate within 1 velt,

Accuracy: 2%. Sensitivity: ImV full

scale deflection {min. }.

Sensitivity: 100uV/cm.  Differential
input,
Range: 5 Hz to 600 kHz, Accuracy:

2%, Output: 10Vrms,

Accuracy: 1%, Input resistance:
20, 600 ohms/volt (min. ).

Rate: 60— 400 Hz, Zupsec rise and
fall time,

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

6253A, 0284A: 0.33A
6255A, 6283%A: 0, 66

6281A:; 0, 24
62944 In
1Ka £1%, 2 watt non-inductive.

100 ohms, £5%, 10 watt,

Value: See Paragraph 5-59, +0,1%,
1/2 watt. '

Value: See Paragraph 5-82. £0,1%
1/2 watt.

500uf, 50 wvdc.

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

10 megohms {min, ).

Measure DC voltages;
calibration procedures

Vary AC input

Measure AC voltages and
ripple

Display transieni response
waveforms

Impedance checks
Measure DC voltages

Measure transient
response

Powear supply load resis~
tors ’

Measure current; calibrate
maeter; o ripple and noise

Measure lmpedance
Measure impedance

Calibrate programming
current

Calibrate programming
current

Measure impedance

Measure programming
coeifficients

# 3420 (See Note)

® 403B

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

fig 200 CD

See Figure 5~8,

See Parts List
R54 {(R55)

NOTE

A satisfactory substitute for a differential volimeter is 1o arrange a reference voltage
The reference voltage source is ad-
justed so that the voltage difference between the supply being measured and the refer-

scurce and null detector as shown in Figure 5-3,

ence voltage will have the required resolution for the measurement being made.
voltage difference will be a function of the null detector that is used.

The

Examples of sat-

isfactory null detectors are: @ 4194 null detector, z dc coupled oscilleoscope utilizing

differential input, or a 50mV meter movement with a 100 division scale.

a 2mV change in voltage will result in a meter deflection of four divisions.

(o]
n3
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For the latter,




CAUTION

Care must be exercised when using an
electronic null detector in which one
input terminal is grounded to avoid

ground leops and circulating currents.

POWER SUPPRLY

REFERENCE
UNDER TEST Y

\ VOLTAGE
| SOURCE

L
2o \é?”// ¢o
_/ |

LDAD

NULL
DETECTOR

- ¥
Qe o

Figure 5~3. Differential Voltmeter Substitute,

Test Setup

5-1C PERFORMANCE TEST

5-11 The following test can be used as an incom-
ing inspectioncheck and appropriate portions of the
testcan be repeatedeither tocheck the operation of
the instrument after repairs or for pericdic mainte~
nance tests, Thetesisare performedusinga 115Vac
60Hz, single phase input power source. If the cor-
rect result is not obtained for a particular check,
do not adjust any controls; proceed tc frouble-
shooting (Paragraph 5-41),

5-12 CONSTANT VOLTAGE TESTS

5-13 Rated OCutput 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 6255A 6281A 6284A 62894 6294A
Resistance 6 26 1.5a  Ba 26~  60a

b, Connectdifferential voltmeter across +5§
and -8 terminals of supply observing corract polar=
ity.

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

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

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

www.valuetronics.com

5-15 Cuwrrent. Proceed as follows:

a, Connect test setup a3 shown in Plgure
5-4 leaving swiich 81 open,

b, Turn CURRENT controls fully clockwise,

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

d, Adjust VOLTACE controf{g) until front
panel meter indicates exactly the maximum rated
output current.

e, Differential voltmater should read 1.0 +
0,07 Vdc,

POWER SUPPLY
UNDER TE ST Sf))
+ - Ry
OO O
LOAD DIFFERENTIAL
RESISTOR VOLTMETER
- -+
CURRENT Y-
SAMPLING
RESISTOR

MODEL NO. RESISTANCE [OHMS)
Fx Ry
62534, 62844 | 0.33 [
6255A,628%A | 0,66 26
62614, 0.2 L3
62944 .G 59
Figure 5-4. Qutput Current Test Setup

5-16. Load Regulation, To check constant voliage
load regulation, proceed as follows:

a, Connecttestsetupas shown in Figure 5-5.

b, Turn CURRENT controls fully clockwise,

¢. BSet 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,

2, Read and record voliage indicated on dif-
ferential voltmeter,

f. Discomnect load resistors,

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

Model No, B253A, 6284A 62554, 62894

Variation (mVdc} +6 +6
Model No, 6281A 62944
Variation {mVde) +5 +8

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




Ve i
Y
POWER SUPPLY AN vl
UNDER TEST e
y
+ .y
e K
l MODEL NO HESIS TANCE (OHMS)
. Ry Ry
x 6253A, 62844 | O 33 &
G255A,6Z80A | 0.66 26
GEBIA 0z L3
Ry 62944 1o 5%

LOAD RESISTORS

DHFERENTIAL
VOLTMETER

7

Load Regulation, Constant Voltage
Test Setup

Figure 5~ 5.

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 RME
value,

5-203 The technigue usedtomeasure highireguency
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
iz discussed separately in Paragraph 5-28,

a. Connect variable auto transformer between

input power source and power supply power input,

b, Turn CURRENT controls fully clockwise,

¢, Connect test setup shown in Figure 5-5,

d. Adjustvariable avte transformer for 105vVac
input,

e, Set METER switch to highest voltage
range and turn 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 volimeter.

h. Adjustvariable autotransformerfor 125Vac
input,

i. Reading on differential voltmeter should
not vary {rom reading recorded in step ¢ by more
than the following:

Maodel No, 62534, 6284A 6255A, 6289A
Variation (mvde) +4 +6
Model No, 6281A 6294A
Variation (mVdc) +2,75 +£

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

5-1% The amount of ripple and noise thatis present
on the power supply output is measured either in
terms of the RM S or (preferably) peak-to-peak value,
The peak-to-peak measurement is particularly im=
portant for applications where noise spikes could
be detrimental o a sensitive load, such as logic
circuitry. The RMS measurement is not an ideal
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Figure 5-6, CV Ripple and Noise Test Sctup

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




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

5-22 The same ground currentand ptckup problems
can exist if an RMS volimeter is substituted in
place of the oscilloscope in Figure 5-8, However,
the oscilloscope display, unlike the true RME
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-
plaved is 8, 3 millizeconds {1/120Hz) or 16,7
miiliseconds (1/60 Hz), Sincethe fundamentalrip-
ple frequency present on the ouiput of an & supply
is 120 Hz (due to full-wave rectification), an cs-
cilloscope display showing a 120 Hz fundamental
component is indicative of a "clean” measurement
setup, while the presence of a 60 Hz fundamental
usually means that an improved setup will result
in a more accurate (and lower) valus 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 & single-ended scope. The ground
loop path is broke
Wote that to ensure that no potential difference
exists between the supply and the oscilloscope, it
i¢ recommended that whenever possible they both
be plugged into the same AC power buss, If the
same buss cannot be used, both AC grounds must
be at earth ground potential,

5-24 Fither a twisted pair or {preferably) a shield-
ed two-wire cable should be ysaed to connect the
output terminals of the power supply 1o the vertical
input terminals of the scope, When using a twist-
ed pair, care must be taken that one of the two
wires ig connscted to the grounded input terminal
of the oscilloscope, When using shislded two-
wire, it is essential for the shield ¢ be connected
to ground at one end only so that no ground current
will flow through this shield, thus inducing a
neise signal in the shielded leads,

5-25 To verify that the cscilloscope is not dis-
plaving
up from the grounds, the (+} gcope lead should be
shorted to the (-} scope lead at the power supply
terminals, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement,
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ripple that is induced in the leads or picked

S-26 In most cases, the single-ended
method of Figure S-68 will be adeguate
nate non-real components of ripple and

Fleleiels:
to elimi-
neise o
that a satisfactory measurement may be obiained.

However, in more stubborn cases it mav be nec-
es v to use a differential scope with floating in-
put shown in Figure 5-6C, I desired, two
single conductor shielded cables may be substi~
tuted in place of the shielded two-wire cable with
aqual sucoess, auge of 118 common mode re-
1 oscilloscope displays only
n signal between its two vertical
tnput terminals, thus ignoring the effects of any
common mode signal introduced bacause of the
difference in the AC potential between the power
supply case and scope case.  Before using a dif-
fe ial input scope in this manner, however, i
is imperative that the common mode rejection ca-
pakility of the scope be verified by shorting to-
gether its two input leads at the power supply and
psorving the frace on the CRT. If this trace is5 a
straight line, the scope is properly ignoring any
common mode signal present, I this trace ts not
a straight line, then the scope is not rejecting the
ground signal and must be realigaed in accordance
with the manufacturer's (nstructions until proper
common mods rejection is attained,

jection, a «diffe
the difierenoe

<

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

a, Connect the oscilloscope or RMS volt-
metar as shown in Plgures 5-68 or 5-6C.

b, Turn the CURRENT conirolfully clockwise
and adjust VOLTAGE control until front panel meter
indicates maximum rated output voliage,

¢. The observed ripple and noise should he
legs than 200wV RMS and ImV p-p.

5-28 Noise Spike Measurement, When & high fre-
quency spike measurement is being made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 20 MHz ormore is
adequate, Measuring noise with aninstrument that
has insufficient bandwidth mav conceal high fre-
guency spikes detrimental to the lead,

5-29 The test setups illustrated in FPigures 5-6A
and 5-68 are generally notacceptable for measur-
ing spikes; a differential oscilloscope is necessary,
Furthermors, 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 eliminaie 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
coax is critical and must be kept a5 short as 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 cableg are not connected to
the power supply ground, since such & connection
would give rise to a ground current path through the

coax shield, resulting in an erroneous measurement.

5. The measured noigse spike values must be
doubled, since the impedance matching resistors
constitute s 2~to-1 attenuator.

6. The noise spikes observed on the oscilio-
scope should be less than 0.5mV p-p.

5~30 The circuit of Figure 5-7 can also be used for
the normal measurement of low frequency ripple and
neise; simply remove the four terminating resistors
and the blocking capacitors and substitute a higher
gainvertical plug-in in place of the wide-band plug~
in required for spike measurements. Notice that
with these changes, Figure 5~7 becomes a two-cable
version of Figure 5-6C.

5-31 Trangient Recovery Time. To check the tran-
sient recovery time, proceed as follows:

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

b. Turn CURRENT controls fully clockwise.

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

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

e. Close line switch on repetitive load
switch setup.

f. Adjust 25K potentiometer until a stable
display is obtained on oscilloscope, Waveform
should be within the tolerances shown in Figure
59 {output should return to within 15mV of original
value in less than 50 microgseconds).
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5-32 Qutput Impedance, To check the outpat im-
pedance, proceed as follows:

a. Connect test setup shown in Figure 5~14,

b. Set METER switch to 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
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Figure 5-10. ©Output Impedance, Test Setup

10 Volts (8in), and FTREQUENCY control to desired
frequency.
e. Record voltage across output terminals of
the power supply (B0) as indicated on ac voltmeter,
f. Calculate the output impedance by the
following formula: ZOUT = (EoR)/ EIN - EQ)
Lo = rms voltage across power supply output

terminals.
R = 1000,
Ery = 10 Volis,

g. The output impedance {ZoyT, of Step f)
should be less than the impedance calculated at the

frequency of interest. {(Use Bma+ luh in the formula:

7 =NR2 1+ X[ 2).

5-33 CONSTANT CURRENT TESTS

5-34 Lead Regulation. To check the constant cur-
rent load regulation, proceed as follows:
a. Connect test setup shown in Figure 5-4.
b, Turn VOLTAGE control(s) fully clockwise.
c. Set METER switch to highest current range
and turn on supply.
d. Adjust CURRENT control until front panel
meter reads exactly the maximum rated cutput cur-
rent.

e. Read and record voltage indicated on dif~
ferential voltmeter.

f.  Short out load resistor (Ry) by closing
switch S1.

g. Reading on differential voltmeter should
not vary from reading recorded in Step 3 by more
than the following:
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_ Model No, 625324, 62644 62554, 62604

Variation (mvdc) +0.183 £0.265
Model No, G281A 62844
Yariation {mVdc) +0.5 £0,35

5-35 Line Regulation. To check the line regulation,
proceed as follows;

a, Utilize test setup shown in Figure 5-4
leaving switch 51 open throughout test.

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

c. Adjust suto transiormer for 105Vac input.

d. Turn VOLTAGE control (s) fully clockwise.

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

f. Adjust CURRENT controls until front panel
meter reads exactly the maximum ratedoutput current,

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

h. Adjust variable auto fransformer for 125V
ac input.

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

Maodel No. 62534, 62044 62554, 62894

Variation {mvdc) +0.183 +0.265
Model No. 6281A 529440
Variation {mvdc) +0, 15 0. 35

5-35 Ripple and Noise, Most of the instructions
pertaining to the ground loop and pickup problems
associated with constant voltage ripple and noise
measurement also apply to the measurement of con~
stant current ripple and noise. Tigure 5-11 illus~
irates the most important precautions to be observed
when measuring the ripple and noise of a constant
current supply. The presence of a 120Hz waveform
on the osciiloscope is normally indicative of a cor-
rect measurement method, Awaveshape having 60Hz
as its fundamental component is typicaily associ~
ated with an incorrect measurement setup.

5-37 Ripple and Noise Measurement. To check the
ripple and noise, proceed as foliows:

a. Connect the oscilloscope or RMS voltme-
ter as shown in Figures 5-11B or 5-11C.

b, Rotate the VOLTAGE control fully cow.

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

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

e. The rippie and noige indication should be
less than the following:
Model 62534,6284A 62552, 62894 62814 6234A
mArms 2 0.5 4 0.5
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Figure §5-~11. CC Ripple and Noise, Test Setup

5-~38 TROUBLESHOOTING

5-39 Before attempting to troubleshoot this instru-
ment, ensure that the fault is with the instrument
and not with #n associated circuit., The performance
test (Paragraph 5-10) enables this to be determined
without having to remove the instrument from the
cabinet.

5-40 A good understanding of the principles of op-
eration is a helpful aid in troubleshooting, and it
iz recommended that the reader review Section 1V
of the manual before attempting to troubleshoot the
unit in detail. Once the principles of operation are
understood, refer to the overall troubleshooting
procedures in Paragraph 5-42 to locate the symptom
and probable cause.

NOTE

The normal voltages shown on the
schematic diagram at the rear of the
manual are positioned adjacent to the
applicable test points (identified by
encircied numbers on the printed circuit
board and schematic diagram.

5=41 Once the defective component has been lo-
cated (by means of visual inspection or trouble
analysis) replace it and reconduct the performance
test. If & component is replaced, refer to the repair
and replacement and adjustment and calibration
paragraphs in this section.

5~42 OVIRALL TROUBLESHOOTING PROCEDURE

5-43 To locate the cause of trouble follow steps 1,
2, and 3 in sequence.

{1} Check for obvious troubles such as open
fuse, defective power cord, input power failure, or
defective meter. Next, remove the top and bottom
covers and inspect for open connections, charred
components, etc. If the irouble source cannot be
detected by visual inspection, proceed with Step 2.

{2) In almost 81l cases, the trouble can be
caused by the d¢ bias or reference voltages; thus,
it is a good practice to check voltages in Table 5-2
before proceeding with Step 3.

(3} " Ixamine Table 5-3.to determine your
symptom, then check the probable cause.

Table 5-~2. Reference, Bias, and Filtered DC Troubleshooting
METER METER NORMAL NORMAL PROBABLE
COMMOCN POSITIVE VDT RIPPLE (P-P) CAUSE
31 +3 6.2 0. 5mV VR2
58
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Table 3-2.

Reference, Bias, and Filtered

DC Troubleshooting (Continued)

METER METER NORMAL NORMAL PROBABLE
COMMON POSITIVE VB RIPPLE {(P-P) CAUSE
+8 33 6.2 0. 5mV VR1
+8 37 12.4 Smy 08, 09
34 37 27 1.5V C10,CRZ2Z,
CEZ3,T1
41 23 2.2 20mv CRE-CRID
41 38 g0v v C1i2,CR24,
CR25,T1
~Qut 27 90v G.8v C14, CR26,
CRZ7,R49,T1
Table 5-3, Overall Troubleshooting
SYMPTOM PROBARBLE CAUSE

Low output or no output veltage Ensure that front panel meter is not defective, then refer to Para-

graph 5-44.

High output voltage Ensure that front panel meter is not defective, then refer to Para-~

graph 5-44.

High ripple a. Check operating setup for ground leops, refer to Paragraph

5-18.

b. If output floating, connect 1pf capacitor between output and
ground.

¢, Check for excessive internal ripple; refer to Table 5-2.

d. Ensure that supply is not in constant cumrent operation under
icaded conditions. To prevent this condition turn CURRENT
control fully clockwise.

e, Check for low voltage across Cl4, C12, or Cl10.

Poor line regulation a. Improper measuring technique; refer to Paragraph 5-3.
b. Check reference circuit voltages, Table 5-2,

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

Poeor lead regulation a,
{Constant Voliage)

Improper measuring technique; refer to Paragraph 5-3.

Check the regulation characteristics of Zener diode VRI as

follows:

(1) Connect differential voltmeter across VR1

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

{3) Perform Steps b through f of Paragraph 5-1%

(4) If the differential volimeter reading varies by more than
0.5mV, replace VRI1.

5-9
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Tabhle 5-3,

QOverall Troubleshooting (Continued)

SYMPTOM

PROCBABLE CAUSE

Poor load regulation
(Constant Voltage}

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

Poor load reguiation
(Constant Current)

Improper measuring technique; refer to Paragraph 5-3.

Check the regulation characteristics of Zener diode VRZ as

follows:

(1) Connect differential voltmeter across VK2

(2} Connect appropriate lead resistor {RBy), given in Figure 5-4,
acrosg (+) and {~) output terminals

(3) Perform Steps b through f of Paragraph 5-34

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

C19, C20, and CR34 leaky,
Check clamp circutt, Q10, CR30, CR31, and CR3Z for open.

Ensure that supply is not crossing over intc constant veltage
operation, Toprevent this condition, load the supply and turn
the VOLTAGE control fully clockwise.

Oscillates

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

b. Check R21 and C3 in current input circuit,

Poor stability (Constant Voltage) a.

Check +6.2Vdc reference voltage {Table 5-2),
b, Noisy programming resistor R10.

¢. CR1, CR2 ieaky.

Check R1, R1Z, R13, and C2 for noise or drift,

5~64,

e. Stage Ql defective.
Poor stability (Constant Current) a. Check ~6.2Vdc reference voltage (Table 5-2).
b. Nojisy programming resistor R16.
c. CRS5, CR34, C19, C3 ieaky.
d. Check R18, R19, R20, RZ1l, R54, and R55 for noise or drift.
e. BStage Q2 defective.
Poor transient recovery a. Check R30 and C5. Refer to adjustment procedure Paragraph

5-44 Regulating Loop Troubles. If the voltages in
Table 5-2 have been checked to eliminate the refer—
ence, bias and rectifier circuits as a source of
trouble; the malfunction is caused by the regulating
loop. If any component in a feedback loop is defec—
tive, measurements made anywhere in the loop may
appear abnormal, Under these circumstances it is
very difficult to separate cause from effect with the
loop closed. As described in Tables 5-4 and 5-5,
the loop is effectively opened by checking the con-
duction and cutoff capability of each stage as fol-

a~10
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lows:
1. Shorting the emitter to collector of 2 tran-
sistor simulates saturation, or the full ON condition.
2. Shorting the emitter to base or opening the
collector lead of a transistor cuts it off, and simu-
lates an open circuit between emitter and collector.

4-45 For low or high output voltage perform the in~
structions in Tables 5-4, or 5-5, respectively. Al-

though a logical first choice might be to start near

the loop mid~point, and then perform successive



subdividing test, it is more useful to trace the loop
from the series regulator backwards a stage at a

higher power levels.

time, since loop failures gocur more often at the
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Table 5-4, Low Qutput Voltage Troubleshooting
STEP ACTION RESPONEE PROBABLYL CAUSE
1 Turn the VOLTAGE control fully
clockwise and disconnect the
load.
2 If output voltage is zero, check a. Blown a. Shorted rectifier diode
condition of fuse F1. {(CRZ6.CR27) or filtercapa-
citor {C14).
b, Not blown b. Proceed to Step 3.
3 Check conduction of Q6 and Q7 a., Cutput remains low a. Q6 or 7 open.
by shortin 4, emitter-to- .
y o ge m b, QOutput increases bh. Remove short and proceed
collector.
to Step 4.
4 Check conduction of Q4 by dis- a. Output remains low a. Q4 open.
connecting cellector lead of
. ) g. ) b. Output increases b, Reconnect collector iead
mixer amplifier Q3. N
and Proceed to Step 5.
5 Toeliminate the constant current a, Output incregses a. Stage Q¢ defective,
circuit as a cause of the mal- . "
function, remove CR4 cathode or b. Qutput remains low b, Re(;cznnegc:t CR4 and proceed
ancde lead, to Step 6.
& Check turnoff of Q3 by shorting a. Qutput remains low a. O3 shorted.
1A, emitter~-to~collector. :
Q eme omco b. Output increases b. QLA open, Q1B shorted,
Q10 shorted, Ci! shorted,
R12, R13 open.
Table 5-5. High Output Voltage Troubleshocoting
STEP ACTION RESPONSE PRORBABRLE CAUSE
1 Turn the VOLTAGE control to ap-
proximately mid~range and dis~
connect the load. If the output
voltage should rise to an exces-
sive value with the VOLTAGE
control turned cew, the control
could be damaged.
2 Check turnoff of Q6 and Q7 by a. Output remains high a. 06 or Q7 shorted.
disc ti itter of Q4.
iscomnecting emt Q b. Qutput decreases k. Reconnect emitter of Q4
and proceed to Step 3.
3 Check turnoff of Q4 by shorting a, Outpui remains high a. Q4 shorted.
3 emitter to collector.
Q3 emi b. Output decreases b. Remove short across Q3.
and proceed to Step 4.
.11




Table 5~5. High Qutput Voltage Troubleshooting (Continued}

to {-1,

STEP ACTHON RESPONSE PROBABLE CAUSE
4 Check conduction of O3 by short—-] a. Output remains high a. Q3 open, Q1 defective.
i 1B, emitter-to—-coliector. .
ing Q ! b. Output decreases b. Remove short and proceed
to Step 5.
5 On rear terminal board, short A a. COutput remains high &, Stage Q) defective.

b. Gutput decreases b, Remove short across ter-
minals A6 and (~). Check
R10 for open and R12,R13
for short.

5-46 REPAIR AND REPIACEMENT

special characteristics of selected semiconductors.
If the device to be replaced is not listed in Table

5-47 Before servicing @ printed wiring board, refer 5~6, the standerd manufacturers’ part number listed

to Figure 5-172,

a list of replaceable parts.

Section VI of this manual contains in Section VI is applicable. After replacing a semi-
Before replacing a semi-  conductor device, refer to Table 5-7 for checks and

conductor device, refer to Taeble 5~6 which lists the adjustments that may be necessary.

Table 5~6. Selected Semiconductor Characteristics

REFERENCE . o e : SUGGESTED
DESIGNATOR CHARMCTERISTICS @ FART NO. REPIACEMENT
Q1,2 Matched differential amplifier. NPN Si Planar. 1854-0229 2N2917 G.E,
70 {min.} hyp ic = ImA. Vop = 5V Igg 0.01pA @
Vebo = 5VY.
Q6,7 NPN Power, hpp = 35 (min) @ I = 1A, Vor = 4V, 1854-0250 2N3442 R.C.A.
Verp(sat,) = 1V max, @ I = 1A; Ip = 0.1A.
Q3,8 NPN Small Signal, Pg = 300mW, FT = 150MHz, 1854-0071 ZN3331 G.E.
BVeipey = 30V {min. .
Table 5-7. Checks and Adjustments After Replacement of Semiconductor Devices
REFERENCE FUNCTION CHECK ADJUST
Q1 Constant voitage Constant voltage (CV) line and load regu- R& or R8
differential amplifier lation. Zero voltage output,
Q2 Constant current Constant current (CC) line and load regu- RZ5 or R28
differential amplifier lation. Zero current output.
Q3 Mixer amplifier CV/CC toad regulation. CV transient R30
. response.
Q4 Driver CV/CC load regulation,
o6, 7 Series regulator CV/CC load regulation.
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Table 5-7,

Checks and Adjustments After Replacement of Semiconductor Devices {Continued)

REFERENCEL FUNCTION CHECK ADJUST
Q8,9 Reference regulator Reference circuit line reguliation. k46
Q16 Clamp circuit CC load regulation.
Q11-Q15 Meter circuit Meter zero. Voltmeter/ammeter tracking RB3, R72, R5%
CR1,CR2 Limiting diodes CV load regulation.

CR3, CR4, CRS OR~gate dicdes and

limiting dicde

CV/CC load regulation.

CRB-(CR10, Forward bias regula-

CR13 tor Volts.

Voltage across each diode G.6 to 0.9

CR22-CRZ7 Rectifier diodes

Voltage across appropriate {iiier capaci-

tor.
CR34 Protection diode Cutput voitage
VR1 Positive reference Positive reference voltage {46.2 Volts).
voltage
VRZ Negative reference Negative reference voltage (-6.2 Volts).
voltage

5-48 ADIJUSTMENT. AND CALIBRATION

5-49 Adjustment and calibration may be required
after performance testing, troubleshooting, or repair
and replacement. Perform cnly those adjustments
that affect the operation of the faulty circuit and no
others,

5~-50 METER ZERCG

5-51 The meter pointer must rest on the zero cali~
bration mark on the meter scale when the instrument
is at normal operating temperature, resting in its
normal operating position, and the instrument is
turned off. To zero-set the meter, proceed as fol-
lows:

a. Turnoninstrument and allow it to come up
to normal operating temperature {about 20minutes).

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

¢. Rotate adjustment 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. Turn 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.
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e, Turnmeter adjustment screw counterclock-
wise about 15 degrees to break contact between
adjustment screw and pointer mounting voke, but
not far enough to move the pointer back downscale.
If screw is turned too far, as shown by the needle
moving, repeat the procedure., The meter is now
zero-set for best accuracy and mechanical stability.

5-52 VOLTMETER TRACKING

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

a. To electrically zero meter, set METER
switch to highest current position and, with supply
on and no load connected, adjust R63 until front
panel meter reads zZero.

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

c. Set METER switch to highest voltage range
and turn on supplv. Adjust VOLTAGE control until
differential voltmeter reads exactly the maximum
rated output voltage.

d. Adjust R72 antil front panel meter also in-
dicates maximum rated output voltage.

5-54 AMMETER TRACKING

5-55 To calibrate ammeter tracking proceed as



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

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

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

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

WARNING: I the specific instroctions outlinedinthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the etched circuit board will result,

1. Apply heat sparingly to lead of component Z. Reheat solder invacant eyeletand quickly
to be replaced. If lead of component passes insert a small awlto cleaninside of hole.
through an eyelet If hole does
in the circuit not have an
board, apply eyelet, in-~
heat on com- sert awl or
ponent side a #57 drill

CONDUCTOR
SIDE

of board, If (\; from con~
lead of com~ ductor side
ponent does of board.

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

4. Hold partagainst board (avoid overheating)
3. Bend clean tinned lead on new part and and solder leads. ;

carefully insert — Apply heat to compo-
through eyelets or ' nent leads on correct
holes in board. side of board
as explained

oreeaci [ crzzeasenseasparcare] [ ezeaecd) in step 1.

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

1, Clip lead as shown below. 2. Bend proiruding leads upward. Bend lead
of new APPLY o
CLIP component SOL.DER
HERE around pro-
truding lead.
Apply solder
uging a pair
of long nose pliers as a heat sink.

HORERRURII NI IR CINIRT. A IAER,

R i et SHEL LSS

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

Figure 5-12. Servicing Printed Wiring Boards
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follows:

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

b. Turn VOLTAGE controi fully clockwise and
set METER switch to highest current range,

¢. Turn on supply and adjust CURRENT con~
trols until differential voltmeter reads 1.0Vde,

d.
exactly the maximum rated output current.

5-56 CONSTANT VOLTAGE PROGRAMMING
CURRENT

5-57 To calibrate the zero Volt programming accu-
racy, prcceed as follows:

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

b. Short cut veltage contrels by connecting
jumper between terminals A6 and ~5.

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

., Observe reading on differential voltmeter.

e, If it is more positive than 0 Volts, shunt
resistor R6 with decade resistance box.

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

g, If reading of Step d is more negative than
0 Volts, shunt resistor R8 with the decade resist-
ance hox.

h.
voltmeter reads zero then shunt R8 with resistance
value equal to that of the decade box.

Adjust R56 until front panel meter indicates

Adjust decade resistance until differentizl

Adjust decade resistance until differential

5-5%8 To calibrate the constant voltage programming

accuracy, proceed as foliowsy

a. Connect a .1%, 3 Watt resistor between
terminals -S and A6 on rear barrier strip. Resistor
value to be as follows:

Model 6253A,6284A 6255A,6289A 6281A 625%4A
Resistance 4Kn 8K 1.5k~ 18K~
b, Disconnect jumper between A6 and A8

{(leaving A6 and A7 jumpered) on rear terminal barrie
sirip.

¢. Connect a-decade resistance in place of
R13.

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

e. Adjust decade resistance box so that dif-
ferential voltmeter indicates maximum rated output

voltage within the following tolerances:

I

Model No. 62537, 6284A 6255A, 52894
Tolerance (Vde) +0.4 £0.8
__Model No. 6281A 52944
Tolerance (Vdc) +#0.15 +1.2

f. Replace decade resistance with resistor of

appropriate value in R13 position.
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5-59 CONSTANT CURRENT PROGRAMMING CUR-
RENT

5~680 To calibrate the zero current programming ac-
curacy, proceed as follows:

a, Connect differential voltmeter between +3
and -8 terminals.

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

¢. 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 E25 with a decade resistance box.

f. Adjust decade resistance until differential
volimeter reads zero, then shunt RZ5 with resistance
value equal to that of decade resistance.

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

h. Adiust decade resistance until differential
voltmeter reads zero, then shunt R28 with resistance
value esqual to that of decade box.

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

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

L. Remove strap between A3 and Ad (leaving
Ad and AS jumpered).

c. Connect a 0.1%, % Watt resistor between
Al and A5, Resistor vaiue to be as foliows:

Model 62534, 62844 62Z55A, 62894
Resistance 1,.5K~ 750n

Model 6281A 629454
Resistance 1KA 1K~

d.
of R19.

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

f. Adjust the decade resistance so that the
differential volimeter indicates 1.0 + C0.01Vdc.

g. Replace decade resistance with appropriate
value resistor in R19 position.

Connect decade resistance box in place

5~-62 REFERENCE CIRCUIT ADJUSTMENTS

5-63 Line Regqulation, To adjust the line regulation
capabilities of the instrument, proceed as follows:
a. Connect the differential voltmeter between
+3 (common) and 33 (positive)},
b, Connect variable voltage transformer be-
tween supply and inpuf power source.

¢, Adjust line to 105Vac.
d. Connect decade resistance in place of R46,
a. Turn on supply and adjust VOLTAGE con-

trol(s) for maximum rated cutput voltage.
f. Adjust decade resistance so that voitage



indicated by differential voltmeter does not change
more than the following as input line voltage is
varied from 105 to 1Z25Vac:

Model No, 625347, 6284A 6255A, 6283A
Variation {mVdc) (.95 0.81

Model No. 6281A 62944
Variation (mvdc) i.24 0.75

g. Replace decade resistance with appropri-
ate value resistor in R46 position,
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5-64 CONSTANT VOLTAGE TRANGSIENT RESPONSE

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

a.
5-8.

b. Repeat Steps a through = as outlined in
Paragraph 5-31.

c. Adjust R30 so that the transient response

is as shown in Figure 5-9,

Connect test setup 85 shown in Flgure



SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

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

a. Reference Designators.

b, Description,
breviations.

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

d, Manufacturer's Part Number or Type,

e, Manufacturer's FPederal Supply Code Num-
ber, Reifer to Table 6-3 for manufacturer's name and
address.

i. Hewlett~Packard Part Number,

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

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

Refer to Fable 6-1,
Refer to Table 6-2 for ab~

6-2 ORDERING INFORMATION

6-4 To order a replacement part, address order or
inquiry to your local Hewlett~Packard sales office
{sce lists at rear of this manual for addresses),
Specify the following information for each part:
Model, complete serial number, and any Optlon or
special modification () numbers of the instrument;
Hewlett-Packard part number; circult reference des-
ignator; and description., To order a part net listed
in Table 6-4, give a complete description of the
part, its function, and its location,

Table 61, Reference Designators
A = assembly E = miscellancous
B = blower (fan} electronic part
C = capacitor F = fuse
CB = ¢iroult breaker {7 = jack, jumper
CR = digde K = relay
DS = device, signal- | L = inductor

ing {lamp) M = meter

www.valuetronics.com

Table 6-1,

Reference Designators (Continued)

P = plug i = vacuum tube,

Q = trangistor neon bulb,

R = resistor photocell, etq,

& = switch VR = zener diode

T = fransfcrmer X = socket

TE = ferminal block Z = integrated cir—

TS = thermal swiich cuit or network

Table 6-2, Description Abbreviations

A = ampere mfr = manufacturer

ac = alternating mod, = modular or
current modified

assy., = assembly mtg = mounting

bd = board n = nano = 1079

bkt = bracket NC = normally closed

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

cd = card A = ohm

coef = cocificient obd = order by

comp = composition description

CRT = cathode-ray 0D = cutside
tube diameter

CT = center-tapped | p = pico = 10712

de = direct current P, C, = printed circuit

DPDT = double pole, poti, = polentiomster
double throw p~p = peak-to-peak

DPST = doukle pole, ppm = parts per
asingle throw miliion

elect = electrolytic ovr = peak reverse

encap = encapsulated voliage

F = farad rect = rectifier

oF = dagree rms = root mean
Farenheit square

fxd = fixed Si = silicon

Ce = germanium SPDT = single pole,

H = Henry double throw

Hz = Hertz SPST = single pole,

1C = integrated single throw
circuit 353 = small gignal

D = inside diameteri T = glow-blow

incnd = incandescent tan, = fantulum

k = kilo = 103 Ti = titanium

m = milli = 10-3 v = volt

M = mega = 10 var = variable

. = micro = 1076 ww = wirewound

met, = metal W = Watt




Table -3,

Code List of

Manufacturers

CODE
N, MANUTFACTURER ADDRESS
40629 FEBY Sales Co,, Inc, Tamaica, N.Y.
0U650 | Aerovox Corp. New Bedford, Mass,
0853 | Sangamo Eleciric Co,
5. Carolina Div. Mekens, 5,0
01121 [Allen Sradley Co, Milwaukee, Wis,
(1255 | Litton Industries, Inc,
Baverly Hills, Calif.
01281 FTRW Semiconductors, Ino
Lawndale, Calif,
01245 | Texas Instruments, Inc.
Semiconducior-Components Div,
Dallas, Tewxas
(1686 JRCL Electronics, Inc. Manchester, N, H,
01430 | Amerock Corp, Rockiord, IIL,
021407 {Sparta Miy, Co, Dover, Chio
02114 | Perroxcube Corp. Saugerties, N, Y,
02606 | Fenwal Laboratories Morton Grove, I1L
02660 | Amphenol Corp, Broadview, I1I.
02735 IRadio Corp, of America, Solid State
and Receiving Tube Div, Somerville, N.J.
03503 JG.E. Semiconductor Products Dept.
Svracuse, N,V
(33797 {Eldema Corp, Compton, Calif.
03877 tTransiron Dlectronic Corp,
Wakefield, Mass.,
33888 | Pyrofilm Resistor Co, Inc,
Gedar Knolls, N.T.
04009 [Arrow, Hart and Hegeman EBlectric Co,
Hartford, Conn,
04072 [ADC Electronics, Inc. Harbor City, Calif,
04213 [Caddell & Burms Mig, Co. Inc.
Mineola, N,V
04404 | *Hewlett~Packard Co. Palo Alte Div,
Palo Alto, Calif,
04713 | Motorela Semiconducter Prod, Inc,
Phoenix, Arizona
05277 | Westinghouse Plectric Corp.
Semiconducior Dept, Youngwoeod, Pa,
05347 |Ultronix, Ina, Grand Junction, Colo,
05820 |Wakefield Engr, Inc, Wakefield, Mass,
06001 |General Flect., Co. Electronic
Capacitor & Battery Dept. Irmo, 8,0,
06004 |Bassik Div, Stewart-Warner Corp.
Bridgeport, Conn,
G486 IRC Div, of TRW inc,
Samiconductor Plant Lynmn, Mass,
06540 [Amatom Dlectronic Hardware Co, Inc.
New Rochelle, N,V
06555 |Beede Electrical Instrument Co,
Penacook, N, H.
06606 |General Devices Co, Inc
Indianapolis, Ind,
06751 [Semcor Div, Components, Inc.
Phoenix, Arizona
06776 |Robinzon Nugent, Ing. New Albany, Ind.
06812 (Torrington Mig, Co., West Div,
Yan Nuys, Calif,
07137 jTransistor Dlectronics Corp.
Minneapolis, Minn,

*Use Code 28480 assigned o Hewlett-Packard Co.
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CODE

MANUFACTURER ADDRESS

07138

07263

oo

pa)
=~ =~}
o
RN

=
Ll L2

07716
07310
07933
08484
08530
08717
G8730
Ggaoe
0gges
08919
0a0z:
09182
09213
09214
09353
0agzz2
11115

11236
11237

11502
11711
12136
12615
12617
12687
13143

14403

14655

14936

15801
16299

Westinghouse Flectric Corp.
Electironic Tube Div, Limira, N,Y,
Fairchild Camera and Instrument
Corp. Ssmiconductor Div,
Mountain View, Calif,
Birtcher Corp.., The Los Angeles, Calif,
Svlvania siric Prod, Inc.
Svivania Dlecironic Svstems
Wastarn Divy. Mountain View, Calif,
IRC Div, of TEW Inc, Burlington Plant
Burlington, Iowa

Continental Device Corp,
Hawthorne, Calif,
Raythzon Co. Components Div,
Semiconducior Operation
Mountain View, Calif,
Breeze Corporations, Inc, Unien, N.J.
Reliance Mica Corp, Brooktvn, N, Y.
Sloan Company, The Sun Valley, Calif,
Yemaline Products Co. Inc, Wyckoff, N.T,
General BElect, Co, Minia-
ture Lamp Dept, Cleveland, Ohio
Nvlomatic Corp. Neorrisvilis, Pa,
ROH Supply Co. Vernon, Calif,
Alrco Speer Electronie Components
Bradford, Pa,
*Hewlett-Packard Co, New Jersev Div.
Rockaway, N.J.
Ceneral Tlect, Co. Semiconducior
Prod. Dept, Buffalo,
General Llect, Semiconducior
Prod. Dept. Auburn, N,
C & K Components Inc. Newion, Mass,
Burmndy Corp, Norwalk, Conn,
Wagner Electric Corp,
Tung-Sol Div,
CTS of Beme, Inc,
Chicage Telephone of Cal, Inc.
_ So, Pasadena, Calif,
1RC Div, of TRW Inc. Boons Plant
Boone, N.C,

Clo,

Bloomiield, N.T.
Berna, Ind,

CGeneral Instrument Corp
Rectifier Div,
Philadelphia Handle Co,

Newark, N.T.
Inc,
Camden, N,]J.
U, 8, Terminals, Inc, Cincinnati, Chio
Hamlin Inc. fake Mills, Wisconsin
Clarosiat Mfg, Co. Inc, Dover, N, H.
Thermalloy Cao. Dallas, Texas
*Hewlett~-Packard Co, Loveland Div,
Loveland,
Comell-Dubilier Electronics Div,
Federal Pacific Flectric Co.
Newark, N.T.
General Instrument Corp, Semicon~
ductor Prod. Group Hicksville, N.Y,
Fenwal Elect, ramingham, Mass,
Corning Glass Works, Blectronic
Components Div, Raleigh, N, C,

Colo,

Pale Alte, California

6~2




Table 6-3,

Code List of Manufacturers (Continued)

NO. MANTFACTURER

ADDRESS

sumer Prod. Group

597320 {Thomas and Betts Co.
61637 §Union Carbide Corp,
63743 {Ward Leonard Blectric Co,

16758 | Deloo Radico Div, of Geaeral Motors Corp.
Kokomo, Ind.
17545 { Atlantic Semiconductors, Inc.
Asbury Park, N.T.
17803 { Fairchild Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif.
17870 | Daven Div, Thomas A, Edison Industrics
McGraw~Edison Co. Crange, N.T.
18324 | Signetics Corp., Sunnyvale, Calif,
18315 | Bendix Corp, The Navigation and
Control Div, Teterboro, N.J1.
19701 | Electra/Midland Corp,
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp,
No. Chicago, Il
22229 | Union Carnide Corp. Dlecironics Div,
Mountain View, Calif,
22753 { Ul Blectronics Corp. Hollywood, Tla.
23936 | Pamotor, Inc. Pampa, Texas
24446 | Geoneral Dlectric Co, Schenectady, N, Y.

24455 { General Dlectric Co, Lamp Div, of Con~

Nela Park, Cleveland, Ohio

24655 | General Radio Co, West Concord, Massg,
24681 | LTV Electrosvstems Inc Memcor/Com-
ponents Operations Huntington, Ind.
264982 { Dyvnacool Mfg, Co. Inc. Saugerties, MN.Y.
27014 | National Semiconductor Corp.
Santa Clara, Calif.
28480 | Hewlett-Packard Co, Pale Alto, Calif,
28520 {Hevman Mig, Ceo. Kenilworth, MN.J.
28875 1 IMC Magnetics Corp.
New Hampshire Div, Rochester, N, H,
31514 | SAE Advance Packaging, Inc.
Santa Apna, Calif,
31827 {Budwig Mfg., Co. Ramona, Calif,
33173% JGLE, Co. Tube Dept, Owenshoro, Ky,
35434 | lectrohm, Inc. Chicago, 11,
37842 {P. R, Mallory & Co. Inc,
Indianapalis, Ind,
421460 {Muter Co, Chicago, Il
43334 | New Departure-Hyatt Bearings Div,
General Motors Corp, Sandusky, Chio
44655 | Ohmite Manufacturing Co, Skokie, I,
46384 | Penn BEngr. and Mfg., Corp.
Dovlestown, Pa,
47904 1 Polaroid Corp, Cambridge, Mass,
49856 ] Ravtheon Co. Lexington, Mass,
5502¢ §Simpson Electric Co. Div, of American
Gage and Machine Co, Chicago, Il
56289 §Sprague blectric Co. North Adams, Mass,
58474 {Superior Eleciric Co, Bristol, Conn,
58849 § Syntron Div, of FMC Corp,

Homer Clty, Pa.
Philadelphia, Pa,
New York, N,Y.

Mt, Vernon, N.Y.

*Use Code 71785 assigned to Cinch Mifg, Co., Chicago, Iil.
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CODE
NO. MANUFACTURER ADDRESS
70563 | Amperite Co. Inc. Union City, N.T.
70801 | Beamer Engrg, Co., Fort Washington, Pa,
70403 | Belden Corp, Chicago, 111,
71218 | Bud Radio, Inc, Willoughby, Chio
71279 { Cambridge Thermionic Corp,
Cambridge, Mass.
71430 1 Bussmann Mig, Div. of McGraw &
Edison Co. 5t, Louis, Mo,
71450 1 CTS Corp., Elkhart, Ind,
71463 | 1. 7.7, Cannon EBlectric inc,
Los Angeles, Calif,
71550 | Globe~Union Inc,
Centralab Div, Milwaukee, Wis,
71700 | General Cable Corp, Cornish
Wire Co, Div, Williamstown, Mass,
71767 | Coto Coil Co. Inc, Providence, R, 1,
71744 | Chicago Mintature Lamp Works
Chicago, I,
71785 | Cinch Mig, Co. and Howard
B. Jones Diwv. Chicago, ILL
71984 | Dow Cormning Corp, Midland, Mich.
72136 | BElectro Motive Mfg, Co. Inc,
Willimantic, Conn,
72619 | Dialight Corp, Brooklyn, N.Y.
72699 | General Instrument Corp, Newark, N.7J.
72765 | Drake Miy, Co, Harwood Helghts, I11,
72967 | Elastic Stop Nut v, of
Amerace Lsna Corp, Union, N.T.
72982 | Erie Technological Products Inc, Lrie, Pa,
73096 | Hart Mig, Co, Hartford, Ceonn,
73138 | Beckman Instruments Inc,
) Helipot Div, Fullerton, Calif,
73168 | Penwal, Inc. Ashland, Mass.
73293 { Hughes Alrcraft Co. Electron
Dynamics Div, Torrance, Calif,
73445 | Amperex Electronic Corp,
Hicksville, N,Y,
73506 | Bradlev Semiconductor Corp.
New Haven, Conmn,
73559 | Cariing Blectric, Inc, Hartford, Conn,
73734 | Federal Screw Producis, Inc,
Chicageo, Iil.
74193 | Heinemann Electric Go, Trenton, N, J.
74545 § Hubbell Harvey Inc, Bridgeport, Conn.
74868 | Amphenol Corp, Amphenol RF Div,
Danbury, Conn.
74970 { I, T, Tohnson Co. Waseca, Minn,
750472 FIRC Div. of TRW, Inc. FPhiladeiphia, Pa,
75183 ] *Howard B, lones Div, of Cinch
Mfg. Corp. New York, N.Y,
75376 { Kurz and Kasch, Inc. Dayion, Ohio
75382 { Kilka Electric Corp, M, Vernon, N.Y,
75915 | Littlefuse, Inc. Des Plaines, Il
76381 | Minnesota Mining and Mig, Co,
St, Paul, Minn,
7€385 § Minor Rubber Co, Inc, Bloomiield, N.T.
76487 }James Milien Mfg., Co. Inc.
Malden, Mass.
76483 11.W, Miiier Co, Compton, Calif,




Table 6~3.

Code List of Manufacturers {Continued)

CODE .
NO. MANUFACTURER

ADDRESS

77252

777641 Resistance Products Co,

82893 | Vector Electronic Co,

Amerace bsna Corp.

Crysgtal Lake, 111,

76530 ] Cinch City of Industry, Calif.
TE854 T Cak Mfg., Co. Div, of Oak
flectro/Netics Corp.
77068 | Bendix Corp, , Electrodynamics Div,
WNo. Hollvwood, Calif,
771221 Palnut Co, Mountainside, N, 7T,
77147 | Patton-MacGuyer Co,

Providence, R, I,
77221 1 Phaostron Instrument and Electronic Co.
South Pasadens, Calif.
Philadelphia Steel and Wire Corp,
Philadelphia, Pa,
77342 | American Machine and Foundry Co,
FPotter and Brumfield Div.
77630 1 TRW Electrenic Components Div,
Camden, N,IT.
Harrisburg, Pa,

Princeton, Ind.

78189 1 lilincis Tool Works Inc, Shakeproci Div,
Elgin, I11.
784521 Everlock Chicago, Inc, Chicago, Iil,
784881 Stackpole Carbon Co. Marvs, Pa.
785261 Stanwvek Winding Div, San Fernando
Electric Mifg. Co. Inc. Newburgh, N, Y.
785531 Tinnerman Products, Inc, Cleveland, Chio
78584 | Stewart Stamping Corp. Yonkers, N.Y.
79136} Waldes Kohinoor, Inc, LLC., NJY,
79307 | Whitehead Metals Inc, New York, N,Y.
79727 | Continental-Wirt Flectronics Corp.
Philadelphia, Pa,
7949631 Zierick Mig. Co. M1i, Kisco, N, Y,
800311 Mepco Div, of Sessions Clock Co,
Morristown, N, T,
802941 Bourns, Inc. Riverside, Calif,
8310421 Howard Indusiries Div, of Mzl Ind, Inc,
Racine, Wisc,
81073} Gravhill, Inc. La Grange, I,
81483 | Internaticnal Rectifier Corp,
El Segundo, Calif.
81751 ] Columbus Electronics Corp, Yonkers, N,Y,
82098 | Goodyear Sundries & Mechanical Co, Inc,

New York, N,Y,
82142 | Airco Speer Plectronic Components
Du Bois, Pa.

Emporivm, Pa.
Chicago, Ii,

Attleboro, Masgs.
Madison, Wis,
Woodstock, N,Y.
Glendale, Calif.
Cambridge, Mass,

822191 Sylvania Electric Preducis Inc,
Eiectronic Tube Div., Recelving
Tube Cperations

82389 | Bwitcheraft, Inc,

82647 | Metals and Controls Inc, Control
Products Group

82866} Research Products Corp.

82877 | Rotron Inc,

Springfisld, N,T,

Eatontown, N.T.
Brooklyn, N.Y,
Chicago, 111,

83058 Carr Fastener Co.

83186 | Victory Engineering Corp.

83298 | Bendix Corp, Electric Power Div,
83330F Herman H., Smith, Inc,

83385 Central Screw Co,

83501t Gavitt Wire and Cable Div, of

Brookfielid, Mass,
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COLE
NO, MANUFACTURER ADDRESS
835081 Grant Pulley and Hardware Co.
West Nyack, N, Y,
83594 | Burrcughs Corp. Dlectronic
Components Div., Plainfield, N.T.
838351 U. 5. Radium Corp. Morristown, N,T.
838771 Yardeny Laboratories, Inc.
New York, MN.Y.
84171 | Arco Electronics, Inc. Great Neck, N, Y.
84411 | TRW Capacitor v, Cogallala, Neb,
86684 | RCA Corp, Electronic Components
Hagrison, N.J.
86838} Rummel Fibre Co, Newark, N.JI.
87034 Marco & Oak Industries a Div, of Oak
Electro/netics Corp, Anaheim, Calif.
872161 Philco Corp. Lansdale Div, Lansdale, Pa,
87585 | Stockwell Rubber Co, inc.
Philadelphia, Pa.
87929 | Tower-OQlschan Corp, Bridgeport, Conn.
88146 Cutler-Hammer Inc. Power Distribution
and Control Div, Lincoln Plant
Lincoln, I,
882451 Litton Precision Productis Ince, USECO
Div, Litton Industries Van Nuvs, Calif,
90634 | Guiton Industries Inc, Metuchen, N.7.
90763 | United-Car Inc, Chicago, Ili.
91345 | Miller Dial and Nameplate Co,
£l Monte, Calif,
91418} Radic Materials Co, Chicago, Iil,
91506 | Augat, Inc, Attleboro, Mass,
91637 1 Dale Electronics, Inc, Columbusg, Neb.
91662} Eloo Corp, Willow Grove, Pa,
91929 Honevwell Inc, Div, Micro Swiich
Freeport, Iil,
92825 1 Whitso, Inc. Schiller Pk., I,
333321 SBylvania Electric Prod. Inc., Semi~
conducior Prod, Div, Woburn, Mass,
93410] Essex Wire Corp. Stemco
Controls Div, Mansfield, Ohio
941444 Ravtheon Co. Components Div,
Ind, Components Oper, Quincy, Mass.
941541 Wagner Electric Corp,
Tung-Sol Div, Livingsion, N.T.
94222 | Southco Inc, Lester, Pa,
952631 lLeecraft Mig, Co. Inc. L LG, NJY.
953541 Methods Mfg, Co. Rolling Meadows, 111,
957121 Bendix Corp. Microwave
Deviceg Div, Franklin, Ind,
83887 | Weckesser Co, Inc. Chicago, I
36791 { Amphenol Corp. Amphenol
Conitrols Div, Janesville, Wig,
974641 Industrial Retaining Ring Co.
Irvington, N, 7,
977021 IMC Magnetics Corp, Eastem Div,
Westbury, N.Y,
9872911 Sealectro Corp. Mamarcneck, N, Y,
¢8410§ ETC Inc, Cleveland, Ohio
989781 International Dlectronic Research Corp.,
Burbank, Calif,
99934 | Renbrandt, Inc,. Boston, Mass.




Table 6-4,

Replaceastle Parts

ST AR b

)Eii . DESCRIPTION TO MFPR. PART NO. (ﬂ‘(’g.f.l:’n 1,_’,_\‘_]%;"1' o RS
1 twd, elect, 5ui 150vde L] 40DE05F 15000 0180-1841 1
¥ fxcct, film JO1pf 200Yde N B S PR LY # 0160-0161 1
3 fxd, film .1uf 200vde L| 192Pi0du 56289 | 0160-0168 1
€4,7,8, 11 NOT A8SIGNED - - - -
Ch xel, film 001t 200Vdce 1] 192P10297 56269 | 0150-0152 1
¢ fxd, clect. 20pf 15Vdce 1| Bon20sGo1sERS 562689 | G180-0300 1
€Y fxd, clect. 4.7pf 35vdce 1| 150D475X903582 56269 | 01H0-0100 }
o fxd, etect; 100pf 50Vde 1 09162 | 0180-1852 1
Ciz fud, clect. 400uf 100VAc z 09182 | 01801887 1
Gy fxc, film 0CLof 200vde 192P10292 56269 | 0160-0153
Crd fxd, clect. 1000pf 100Vde ! 09182 | 0180-1881 ]
C15 fxd, elect, 10pf 100Vde 1| J0D106GLO0DDS 56289 1 0180-0091 1
16,17 fxd, ceramic Uhut 400V 2 | 33C17A 56289 | 0150-0052
Ci fxel, film .01af 200Vdc 192P10392 56269 1 0160-0161
SEL fxd, clect. %0uf 200Vde 11 34D20612007T4 56284 | 0180-0367 1
C20 fxd, elect. 400uf 160Vde 09182 | 0180-1887

CRI-CGRS Rect. 51, 200mA 200prv 4 IN485B 93332 1961-0033 &
CRE, 7, 14-17,

21,48,29,35¢ NOT ABSIGNID - - - - -
CRU~-CRIO Roct. Si. 400mA 18prv 5 IN4BZ248 03508 1901-0461 5
CRIT Rect. Si. 34 200prv 3 MRIOIZE 04713 19010416 3
CR1Z Stabistor, 5i. 2.4V 100mA Z IN4830 03508 19010460 Z
CR13 Fect, Si. 400mA 1oprv INAH2E 03508 1901-0461

CR18 Ract, 5i. 32 200prv MRIO3ZR 04713 1901-04186
CR19, 20 Rect., Si. 200ma 200prv IN485R 931332 190G1-0033
CR22-CR25 Rect, Si. 500md 200prv 4 IN3253 02735 1901~0389 4
CRZ76,27 Rect., Si. 14 400prv 2 IN5860 03508 19010328 2
CR3O Rect. Si. 200mA 200prv IN4E5R 93332 13010033
CR31 Stabistor, Si. 2.4V 100mA IN4830 33508 1901-04860
CR3Z Rect, 5i. 200ma 200prv 1N485E 93332 1901-0033

CR33 Rect. Si, 400mA 15prv IN4d828 03508 1901-0461
CR34 Rect, Si, 3A 200prv MR1032B 04713 1901-0416

D51 Lamp, Neon {Part of S1 Assembly) H 09182 214007244 1
Fl Fuse cartridge 24 @ 25V 3AG 1 312,002 75915 2110-45002 5
M1 Meter, dual scale, 0-70V, 0-1.24 1 0g182 1120-1144 1
Q1,2 S5 NPN Diff, Amp. 8i. {Selected)} 2 fobd} n91g2 1854-0429 2
o3 85 NPN Si. (Selected) 2 {obd) 0a18? 1BS4-0071 z
G4 88 NPN 8. H 2N3417 03508 16540087 H
5,13 NOT ASSICGNED - - - - -
Q6,7 Power NPN 5L, (Selected) 2 {ohd} 09182 18540250

QH S5 PNP SH. 5 ZN2507H 56269 1553-008% 5
Q9 S8 NPN Si, (Selected) {ohd) 09182 1854-0071

Q10 $5 PNP Si, 2NZGOTA 56289 1853-0099

o1l S5 NPN Diff. Amp Si. 1 2N4045 61637 18534-022] 1
Q12,114,158 S5 PNP Si. 2NZ907A S5H2R9 1853-0099

R3 fwd, ww 1K~ 5% 3W 1 242101025 56289 0813-0001 1
RZ fxd, met. film 6.2K~ +1% 1/8W 2 Type CEA T-0 07716 0698-5087 1
R3, 4 fwd, met. film 20K~ 1% 1/8W 2 Typa CEA T~0 07716 07570449 1
R5 fud, met. film 1.5~ +1% 1/8W 4 Type CEA T-OG 07716 3757-0427 i
RS fxd, comp 360K~ £5% W 2 CE-3645 01121 0686-3545 1
R7 fxd, met. film 100K~ #1% 1,/8W 1 Type CEA T-O Q7716 0757-0465 1

62844
6-5
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REF. I SCRIPTION e o MFR. Hy
DESIC, ORI o MERCPART NG E copp | part No .
e fxd, comp 560K~ 5% W Z FR-5645 01141 G6EG-5545
B9, 17,27,4%,

34,38-30,

53.55,78 NOT ASSTGNED - - - - -
RI1G Var. wWw )U:\~ 5% /V\f 1-Turn i 0182 2100-1867 1
H1l fxd, Pap 1K~ 20W i 09182 08 1R-00548 1
HiZ frcd, ww - : ] AA202025 KH284Y 811-1806 1
F13 fxcd, comp Selected £5% ; W Z Type TE {obd) 01121 - 1
R4 ixed, comp 3.3- ! 1 Ch-33GS 01121 OR86-0335 1
R15 e, comp 20 1 EB-2245 01121 06BH-2245 3
Rlp var. ww 1 1 09182 2100-1603 1
Ri# ixd, ww 65K . 1 24206825 56289 0811-1814 1
Ri9 fxd, comp f,wlm ted +5% W Type EB {obd) 01121 -

RZ2G frct, met, film 1K~ £17% };V\/" 1 Type CERB T-0 07716 7570338
RZ % fxd, comp 39. +%4 W 1 Di-3905 01121 (686-3905
HiZ f=d, met, film 6.2~ +1% 1/8W Type CLA T-C 07716 O698-5087
Ri3 fxd, met. filim 909K~ 21% 1,/80W Z Type CLA T-O 07718 078707288
Rad fredd, meet. filim 8.25K-~ 21% 1/8W 1 Type CEA T-0 07718 0757-0441

R25 frd, comp 360K~ W ER-3845 0ilZl GE8A-3645
R26 fxd, met. film 1.5K~ £1% 1/8W Type CTA T-O 077146 07570427
RZ8 fxd, comp 560Kn £5% 1\/\] EB-5645 01121 (686-~5645
R30 var., ww SKa \/Iou'f o} 1 Type 110-F4 11236 2100-10824 1
R31 fxd, comp 1Ko 5% & W 1 IR-1025 01121 0686-1025 1
R3Z fxd, comp 5100 i" Ly 1 LB~5115 01121 0686-5115 L
R33 fxd, comp 1K~ ;.f{ LW 1 EB-1035 01121 (BE86-1035 1
35 fxd, (onp PEKe 5% 2 W 1 LE~-1135 0112t U686-1135 1
R34 fxd, ww 900~ F“/. ISW 1 09182 G611-0857 1
R37 fxd, comp 33Ka 5% 5 2 EB-33235 01121 0FH6-3335 1
R4l fud, comp 17Kn 20% 2 W 1 LR~1235 01121 0686-1235 1
R4 fxd, comp 6.8BK~ £5% & ] ER-6825 01121 OBHE-B8BZD l
R43 Dadd, met. film 5104 4 1 Type CEB T-0O 07716 0698-5145 1
R twad, comp 478~ 5% 4 1 EB-4735 01123 06864735 1
45 fact, comp 51K £25% % 1 EB-5125 01121 0686-5145 1
R4 6 fxcd, comp 00K~ 5% éW 1 ER-1045 01121 0686-1045 1
R47 frd, comp 430~ +5% ’ W 1 ER-431% 01121 06864315 1
Rdg fxcd, comp 1.8Ke~ 5% LW 1 -1825 01121 0686-1625 1
R49 fxd, ww 1.5KA +5% 15W 1 0e1e2 0811-1624 1
R:C fxd, comp 10~ 45% &+ W 1 EE-1005 01121 J68E-1005 1
R51 fxed, met. film 33Ka 1% 1/8W [ 08182 0696-5089 1
RbHY fxd, met. film 27.4K £1% 1/8W 1 05182 07570452 1
RS54 fxd, ww 1n C.T. £5% 20W 1 09182 0811-1619 1
R56 var., ww 1Kn (Modify) 1 Type 110-F4 11234 2100-0391 1
R57 fxd, met. film 900~ +1% 1/8W Z Tvpe CLA T-0 07716 0757-1099 i
R58, 59 fwed, met. film 100G~ £1% 1/8W 2 Type ‘ 07716 0757-0401 i
REG fxd, met, film 900~ 1% 1/8W Type 07716 G757-10948
R&l fxd, met. film 68.1K~ %1% L/8W 1 Type 07716 (757-046% 1
REZ fxd, met. {ilm 750~ +1% 1,/8W z Type 07716 07‘3"’“9420 1
R63 Var, ww DKn 1 Type 11238 2100~18 1
R64.65 fxd, met. film 12K~ +1% 1/8W 2 Type CLA T-O 07716 OGQE&mSO% 1
RGoH, 67 ixd, met. tilm 3. 4(’l\f i—l"c w]‘"'\N 2 Type CEG T-0 7716 069846472 1
R68, 69 fxd, met. film 365~ %1% 11' 2 Type CLE T-0 07716 07570723 1
R7G,71 fxd, met. film 3K~ +1% 1/8W 3 Type CLA T-O 07716 0757-1093 1
R72 var. ww 250. (Modify} 1 | Type 110-T4 11236 § 2100-0439 1
R73 fxd, met. film 750~ £1% 1/8W Type CEA T-0O 077146 0757-0420
K74 fxd, met, film 9.09K~ +1% 1/8W Type CDBA T-0) 07716 0757-0288
R75 fxd, met. film 3K~ £1% 1/8W Type CEAT-O 07716 0757-1093

62944
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REF. . . ) . . ) MIR. g .
DESICG. DESCRIPTION TQ MFR, PART NO. oD PI\R"{‘P NO. RS
R76,77 frd, met. film 1.5Kn~ 1% 1/8W Type CEA T-C} 07716 0757-0427
R79 fwd, ww 3.3~ 5% 1W 1 Type BWH 07716 0811-1672 1
R8O fxd, comp 33Ka 5% 3 W £R-3335% 061121 D6E6-3335
R81-RE3 fud, ww 250~ £5% 75W 3 Type SRR-37 734978 3811-1973 1
S1 Switch, Pilot Light (red) (push ON/
OFF) SPDT 1 5461681 26 A1H 37034 3101-0100 i
52 Meter Switch, Wafer 1 09182 3100-1910 1
TI Power Transformer 1 09812 9100-1839 1
VR1, 2 Diode, Zener 6.2V 2 INB21 06486 19020761 z
YR3 Dicde, Zener 4.22V 1 1N749 04713 19023070 1
MISCELLANEQUS
Chassis Assembly, Right i 09182 5060-6128
Chassis Assembly, Left 1 09182 5060-6130
Outrigger Chassis, RE1-RB3 1 09192 50006081
Cavers, Top and Bottom 2 09187 5000-6061
Covear, Qutrigger Chassis 1 09182 5000-6877
Fastener, Covers 10 CB091-632-248 89032 0510-0275 2
Front Panel, Lettered 1 09182 F06234-60001
Bracket, Transformer, T1 1 09182 S000-6083
Heat Sink Assembly, Q6, Q7 1 09182 5060~6128
Mica Insulator, 0O8,Q7 2 734 08530 0340-0174 2
Insulator, Transistor Pin, Q§,Q7 4 09182 (3340-0166 4
Insulator, Cellector Screws, Q6,07 4 05182 0340-0168 4
P.C. Board, Includes Components 1 09182 | 06294-60021
F.C. Board, Blank 1 69182 5020-5527
Rubber Bumper, Foot 4 MB~50 87575 0403-0088 1
PBarrier Strip 1 09182 0360-1234 1
Tumper, Barrier Strip 8 422-13-11-013 71765 0360-1143 2
Cover, Barrier Strip 1 09182 5020-5540
Knob, Current Control, Coarse 1 0918z 0370-0101 1
Kneb, Current Control, Tine 1 09182 0370-0179 1
Knob, Voltage Control and
Meter Switch 2 0182 3070-0084 1
5 Way Binding Post, Maroon 1 DF21MN 58474 1510-0040 1
5 Way Binding Post, Black z DFZ218C 58474 1510-003% 1
Bezel, Meter 1 09182 40340-0295 1
Spring, Meter 4 09182 1460~0720 1
Line Gord 1 KH~-4096 70303 8120-0650 1
Strain Relief Bushing, Line Cord 1 SR-5P~1 28520 0400-0013 1
Cable Clamp, %" 2 T4-4 78307 1400-0330 1
T'useholder 1 342014 75915 1400-0084 1
Nut, Fuseholder 1 903-12 75915 2950~-0038 1
Washer, Neoprene, Fuseholder 1 903~2 75915 1400-00586 1
Lockwasher, Fuseholder 1 1224-08 78189 2190-0037 i1
End Cap 2 09182 9220-1218
Carton, Packing 1 09182 92110849
OPTION 08:
10-Turn Current Control
R16 var, ww 1K~ +5% 10-Turn 2W i 09182 2100~1864 1
Knob, R16, Black 5/8 Dia. 1 09182 0370-0137 1
6294A
6-7
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REF. P : MFR. g .
DESCRIPTION T MFR. PART NO. h RS
DESLG @Q ' CODE | BART NO.
OPTION 13:
Three Digit Gradusted Decadial
Current Control
Decadial Control 1 RD-411 47716 1140-0020 1
OQOPTION 14:
Three Digit Graduated Decadial
Voltage Control
R16 var., ww 1K~ £5% 10-Turn 2W i 09182 2100-1864 1
Decadial Control 1 [ RD-411 077186 1140-0020 i
QOPTION 28:
230Vac Single Phaese Input
Fi Fuse cartridge 1A 250V 1 312.001 75915 2110-0001 5
529458
68




APPENDIX A

Uption 11, Overvoltage Protection "Crowhar!

DESCRIPTION:

This option is installed in DC Power Supplies, 62008, #2018, 62028, 6203B, 6204B, 6206B. and
6294A, and tested at the factory. It consists of & printed circuit board, screwdriver—-type front panel po-
tentiometer, 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 shorts the output
when it exceeds the preset trip voltage, The trip voltage is determined by the setting of the CROWBAR AD-
JUST centrol on the front panel, The trip voltage range is as follows;

62068

Model 6200B 5201B 6202ZR 62038 62048 20538 B2G4A

Trip Voltage Range 2.5-44V 2.5-23V 2.5~44v 2.5-10V Z2.5-44v £.5-44Y 2.5~65V

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

OPERATION:

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

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

3. Slowly turn the CROWRAR ADJUST cow until the crowbar trips, output goes to 0 Volt.

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

5. If the CROWBAR must be completely disabled, remove the lead attached to the CROWBAR ADJUST
potentiometer R5,
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Table A-1.

Replaceable Parts
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RET. ESCRIPTION : MFR. PART NC MIR. & RS
DESIC. b I rQ ROPARD NO-H copr | parT WO,
C1 fxd, elect. lpf 50Vdc 1 30DIOSGO50BA2 56289 0180-0108 1
C2 fxd, mica 510pf 5G0Vdc 1 RCMISESTLT 04062 (1:146-0047 1
CR1-CR3 Rect. Si. 200mA 200prv 3 IN4858 93332 1901-00633 3
CR4 SCR 7.44 100prv 1 CZ20A 03508 1884-0031 1
Q1,2 58 NPN Si. A 2N3417 03508 18540087 2
R1 fxd, met. film 10a +1% 1/8W 1 Type CEA T-0O 07716 0757-0346 1
RZ fxd, comp 5.1Kn +5% 2W 1 Type C425 16299 0698-3644 1
R3 fxd, met. film 1.21K~ +1% 1/8W 1 Type CEA T-O 07716 0757~0274 1
R4 fxd, met. fiim 19.1K~ +1% 1/8W 1 Type CEA T-0O 07716 06984484 1
R5 var. ww 10K~ +5% 1 09182 2100-1854 1
R6 fxd, ww 1K~ £5% 3W 1 242E1025 56289 0813~0001 1
RY fxd, comp 22~ £5% % W 1 EB-2205 01121 0686~-2205 1
R8 fxd, met, film 150~ £1% 1/8W 1 Type CEA T-0C 07716 0757-0284 1
Ti Transformer, Pulse 1 09182 5080-7122 1
VR1 Diode, Zener 16.2V £5% 1 INSESE 04713 19620184 1
VR2Z Diode, Zener 2.37V +£5% i 1N4370 04713 1802-3002 1
MISCELLANEOQOUS
Printed Circuit Board (Blank) 1 09182 5020~5750
P. C. Board {Includes Components) 3 09182 [06206-60021
Heat Sink b 09182 5000-6229
Insulator {CR4) 1 09182 0340-0467 1
Mica Washer H 09182 2180-0709 1
Cable Clamp 1 T4-4 79307 1400-0330 1
Front Panel, Modified {Mode] 6206B) 1 09182 166206-80003
Pront Panel, Modified {Model 6294A) 1 09182 [06294-50003
6294A
62068
A-2




_DC POWER SUPPLY

MODEL 62068,62944
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Figure A-1. Muodel 62068 and Model 6294A Overvoltage Protection * Crowbar®
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