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About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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SECTION 1
GLELRAL INFORMATION

1=l DESCRIFTON .
1=2  This power supply, Flgura 1-1, Is completaly

transislorized and sultable (or elthar bench or rolay
rack oporation, It ls a compact, woll-regulatod,
Gonstant Voltage/Conntant Current supply that will
furntsh full rated output voltage at tho maximum
rated output currant ar ean he continvously adjust-
ad throughout the output range, The frant panel
CURRENT contrals cap L2 used 1o astablish the
auiput current Limkt (oyeribad or short circuit) when
the supply 1s veed as o constant vollage saurce
anw the VOLTAGE controli ann be used to establish
the veltagae limit {ceiling) when the supply Is used
as o copatant currend source, The supply will auto-
matically crossover from constant voltage to con-
stant current operntion and vige varsa I the oytput
surrant or voltiuge exceeds these preaat Hmits,

1~3  The power supply has both front and rear
terminalz. Elther the posltiva or neqotlve output
tarminol mey be grounded or the power supply can
ba operated floating at up to a maximum of 300
valts off ground,

1-4 A single meter i85 usad 1o measurs oither out~
put voltage or output current in one of *wo ranges,
The voltage or current ranges are selected by a
METER switch on the [ront panel,

I=5 The programming terminals located at the
rear of the unit allow case in adapting to the many
operational copabllities of the power supply, A
brigf description of these capabilities 1 glven
halowt

a, Remote Praocramming

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

b, Remate Sensing

The deqgradation In requlation which ac-
currs at the load hecouse of the voltage drap In the
load leads can be reduced by using the power
supply in the remote sensing wmode of aperation,

e, Series and Auto-Scries Qperation

Power supplies may he used in sorlus
whi a highar output voltage is required in the
canstant vglmgc made of operation or when graater
voltage cemplionce {5 required in the constant
current made of operation, Auto-Series operatlon
permits one knob control of the total output voltage

1-1

from o "master” supply,
d, Porallel and Auto~Paralle) Oparation

Tha power supply may be aparated tn
parallal with a similar unit whan greatar output
current copabillty is roquired, Auto-~Parallol opar-
ation permits ong knob enntral uf the total output
current from a "master” supply,

a, Muto~Trocking

The powar supply may be wsed as a "mas-
ter” supply, having control over ona {or more)
"slave" supplles that furpish varlous voltages for
n systom,

1-6  SPECIFICATIONE

1-7  Datailed spacifications for the power supply
are glyen in Table 1-1,

1-8  ORTIONS

1-9  Optionk are factory modifications of a stand-
ard instrument that are requestad by the customer,
The following options are avallable {or the insyru-
ment covered by this manuak, Whare necessary,
detailed coverage of the optjons i Included through-
out the manua},

Optiong No, Deseription

06 Overvoltage Protection "Crowhars
A completely separate circuit for pro-
tecting delicate Joads against power
supply failure or operator error,  This
indepundant device monjtors the out-
put voltage and within 10psee imposes
a virtual shert-circult {crowbar) acrass
the power supply output i the presct
overvoltage margin is exceedad,
When Option 06 i requested by the
customer the device Is attached to
the redr of the powaer supply at the
factory, This option ts not available
for Model 6261A supplies,

Qvorvoltage Margint 1 to 4 volts,
screwdriver adjustable,

Fower Requiremoentt 15ma conlinuous
draln from power supply being pro-
tected,

atigzl Add 5 inches to power supply
denth dimension,

e e m—————
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Optign No,  Dasarlption

i Waightt Add 2 lhs, net,
NOTE

Datafled coverage of Optian 06 16
ineluded in an oddendum at the rear
ot nanvals that support powar sup-
plies containing Optior, 06,

a7 Voltage 10-Turn Pott A single con~
trol that raplaces both coarse and
{ine voltage controls and Improvas
autput sattahility,

on GCurrant 10-Turn Pott A single con-
tro} that replaces both coarse and
fine current controls and Improvas
output settabijlity,

09 Voltage and Current 10-Turn Pots;
Consists of options 07 and 08 on the
same instrument,

13 Three Digit Graduated Dacadla)
Cuirent Control: Control that re-
places coarse and line gurrent con-
trolo permitting accurate rasettabl) -
Lty

14 Three Digit Graduated Decadla)
Current Controlt  Control that re-
places coarse and fine gurrent con-
trols permitting accurale resettabil-
ity.

19 Rewire for 230V AC Inputt Supply
as normally shipped Is wired for 115
Voac fnput. Option 19 consists of re-
connecting the input transformer for
230 Vac operation,

1-10 ACCESSORIES

1-11 The accessories listed In the following
chart may be ordered with the pawer supply or sep-

LN B BN NI TREC N R
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arately from ycur Jocal Hewlatt-Packard fiold
snlrgs office, (refor to list at rear of mapual for ad~
drasses),

~hp= Part No.  Dascription

o5 0" Black Handle that éan ke at-
tached to side of supply.
1461 3A Rack Kit for mounting one
31/2 " =high supply. {(Raler lo
Section Il for detalls,)
145204 Rack Rit for mounting two

31/2 "~high supplies. {Refer
to Bection 11 for details,)

1-12 INSTRUMENT IDENTIFICATION

1-13 Hewlett-Packard power supplies are ldantifled
by o three-part seriol number tag, The first part Is
the power supply medel number, The second port

I5 the serial numbar prefix, which conslsts of a
numbaer-letter combination that denotes the date of
o slgnlficant deslgn change. The number dosig-
nates the year, and the letter A through L desig-
nates the month. Jonuary through December, respect-
ively., The' third part Is the power supply serial
number,

1-14 If the serial number prefix on your power sup-
ply does not agree with the prefix on the title page
of this manual, change sheets ore included to up-
date the manual, Where applicable, backdating in-
formation Is glven in an oppendix at the rear of the
manual,

1-15 ORDERING ADDITICNAL MANUALS

1-16 One manua) is shipped with each power sup-
ply. Additional manuals may be purchased from
yaur loual Hewlctt-Puckard ficld office (see list at
rear of this manual for addresser), Specify the
madel number, serial number preflx, and ~hp-
stock number provided on the title page.
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Table 1~1, Bpecifications
INPUT: including o direct short placed acrass the terninals
105-125/210-250VAC, slngla phase, in constant voltage operation. The conetapt volt-
50~-401 Hz, nge cireult Limits the output voltage ln the constam
current mode of operation,
QuUTPUT:

0-7.5 volls @ 5 svmps,

LOAD REGULATION: '
Copstant Voltage--Less than 5mv for a ful)

load 1o no load choange in output current,

Constant Current~=Lass than 0,01% plus 250pa

for 0 200 o maximum hange in output voltage,

LINE REGULATION:
Copstant Yoltage--Less than G.01% plus 2mv

forany line voltage chapge withinthe input rating,
Copstant Current--Less thap 0,01% plus 250pa
[or any line voltage change within the iaput rating,

RIPELE AND NOISE:

METER:
The front panal meter con be wsed ne elther a
0-9V or 0=0, 9 volt voltmeter of a6 o 0-0A ar -0, 0

amp ammetor,

OUTPUT CONTROLS!
Coarse and {ine voltoge controls and coarse and

fine current controls set dnilred oulput voliage or
currant,

QUTPUT TERMINALS:

Three "{ive~way" oulpul paosts are provided on
the front panel and an outpul terminal sirip 1s Jo-
cated on the rear of the chassis. Al power supply
output terminals are isclated from the chassis and

™ AT TN S i
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either the positive or negelive terminol may be con-
nected to the chassis through a sdparate ground

Constant Yoltaga--Less than 200y rms,
Conslapt Currept=-=-Less than 4 ma tms,

terminal located op the output terminal strip. i

TEMPERATURE RANGES! !
Operatingt 0 to 509C, Starayar =20 to +359C, ERROR SENSING: 5

‘ Error sensing is normally accomplished at the i

TEMPERATURE COEFFICIENT:
Constant Yoltaye~~Less than 0,02% plus 500py

por degree Contigrade,
Copstopt Grvrent--Less than 0, 02% plus 2.5ma

por degree Centigrade,

STABILITY:

Constant Vaoltage--Less than 0,10% plus 2.5mv
totnl drift for B hours after an initisl warm=-up
time of 30 minutes ot constant ambient, canstant
line voltage, apd constamt load,

Copstant Cutrent--Less than 0,10% plus 12, 5ma
total drift for 8 hours after an Initial warm-up
time of 30 minutes at constant ambient, constant
line vollage, and constant load,

INTERNAL IMPEDANCE AS A CONSTANT VOLTAGE
SOURCE!
Less thap 0,001 ohm from DC lo 100Hz,
Less than 0,01 ohm Irom 100Hz2 to 1KHz,
Less than 0,2 ohm from LXHz 1o 100KHz.
Less than 2.0 ohms from 100KHz to I Milz,

TRANSIENT RECOQVERY TIME:

Lesw than 50 ec for output recovery to with-
In 15my following a full Joad current change in
the output,

OVERLOAD PROTECTION:
A continuously acting constant current circuit
protects the power supply {or all averloads,

front terminals i the looad is attachod to the {ront
or at the reoar terminals ) the load 16 attached ¢
the rear tepmminals, Also, provision Is included
the rear terminal strip for reiote sensinn,

REMOTE PROGRAMMING:

flemote programming of the supply output ot
approximatuly 200 chms per volt In constant volt-
age i made avetlable ot therear termipals. o con-
stant current mode of operation, the current can be
remately programined ot approximately 200 ohms
par ampere,

COALING:
Convection cooling is employad, The sup--

ply has no moving parts,

512K .

3}" Hx Mi" Dx B!" W. Two ol the units can
be mounted side by side in a standard 19" relay
tack.

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

FINISH:
Light gray front pancl with dark gray cose.

POWER CORD:;
A three-wirg, Live-foot power cord 15 providued

with each unit.

ETLT ST T TITY

i el TR TR S F T
T

2o

p
i

1-3

N TR LR TR T YR AT 1IN 2R T



r

..

SECTION 11
INBTALLATION

2-1  JNITIAL INSPECTION

2=2  DBefore shipment, thin Instriment was inspect-
ed ond faund lo he free of mechanical and electrical
defacts, As soon os the Instrument |5 unpackea, In-
spect foy any domage thal may have occurred in
transit. Save all pocking materials uptil the inspre-
ton is comploted, I damaye is found, procend os
described In the Glaim for Damage Iy Shipment sec-
tion of the warranty page at the rear of this mapunl,

2= MLCHANICAL CBECK

24 This check should canfivin that there ore no
broken knobg or connecetors, that the calinet and
ponel surfaces are free of dents and scratches, and
that the meter 18 not seratehed or cracked,

2-5  LLEGTRICAL CHLECK

2=6  The instrumoent should be checked against G
electrical specificotions, Section Vincludes an

in~cabipot” periormance check to verify progar in-
strumoent operntion,

2-7 INSYALLATION_ DATA

2=3  The instrument 15 shipped ready for beneh
oparation, It is necessary only to connect the in-
strument to o source of power and It 15 ready lor
uperation,

2=9  LOCATION

2-10 This instmment §8 air cooled, Sulficient
space should be ollotted wo that o free fow of cool-
Ing alr can reaap the sides and rear of the inslru-
mant when It is Ip operation, It should he used In
an areda where the ambient temperature does not nx-
ceed 5G°C,

211 RAGK MOUNTING

2=12 This ipstrument may be rack mounted in o
standard 19" rack panel either alohyside a similar

S e BT s
ol . [ W TNl ® .
o [ ]
..h'l"l.i_”o»no' 'n- :;,.:'...
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I'lgure 2-1, Rack Mounting, Fwo Units
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Flgure 2-2, Roack Mounting, Qne Unit

unlt or by itaelf, Figures 2-1 ant 2-2 vhow how
both types of installations are accomplighed,

2=13 To mount two unltslaldcnbynside, proceed as
followst ' :
8. Remove the four screws from the front
_ panels of hoth units, =~ !
b, 5lide rack mounting ears hetwecn the
front panel and cose of cach unit, ‘
¢, - Slide combining strip between the front
parels and cases of the two units, !
d. After fastening rear portlons of units to-
gether using the bolt, nut. snd spacor, replace
papel screws,

2-14 To mount a single upit in the mck poenel, pro-
ceed as (ollows:

a, Balt rack maunting cars, comblniny straps,
and angle brnckets to vach side of cepter spacing
panels, Angle bruckets are placed behind combin-
Ing straps as ahown in Flgure 2-2,

L, Remove [our BCrews from front panel of
unit, .

¢, Bidg combining strips betwcnn front pnn-
el and cuse ot unit,

d, Dolt angle brockets to front aldcs of case
and replace front panel screws,

2=15 JNPUT POWER REQUIREMENTS

2=16 This power supply mav be operated from nither
a womlpsl 115V or 230V, 48-4401)2 power source,
The unlt, as shipped from the factory, Ie wired for
115V operation, The input power required when op-
erated from a 116V 60}z power squrce at full load
Is:  G2B)A, G2B9A, 6204A 6204h

113w, 1,6A 1315W, 1,57

1
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DI TE FRERITED CAMCULET poAMD
MUBLE EE FEOMTR ANE A BLVARM].
EXTURAAL CONNFED S MALK
RETVETH POINTS 30 4 4%,

Figure 2-3. Primory Connections ‘

2-17 CONNECTIONS I'OR 230VOLT OPLRATION
{See Figure 2-3)

2=18 Normally, the two primary windings of the In-
put transformaer ore connected fp paraliel for opera-
tion from 115 Volt source, To convert the power sup-
ply ta aperatian trom a 230 Voll source, the power
transformar windings are connhected in series ag Lo)-
lows: '




L

n,  Unplug the Jine eord and eeimove the unit
from case,
' I Break the copper betwane 34 and 8% aned
alao between 50 and 51 o the printad vrenlt hoard,
“Theue are shawn In Figure 2-3, and are Jabeled op
copper gide of printed cirauit hoard.,

e, Add strap hetwaen 50 and 55,

4, Replace existirg fuse with | Ampere, 230
Volt fuse, Return unlt tn case and operiate narmally,

2=10 POWILR CAMILE

2=20 To protect oparating personnel, the Katjon)
Llectriea) Manufacturnrs Asanciation (HIMAY recom-
mends that the snstosment panel ond ecabinet be
groundued, This mstroment ia equipped with o thees
conductar power cable, The thin conductor 15 the
ground coadietar and when the cable s pluggred o
S oapproprinte receptacte, the inatrument 1o
qroundnd, The offset pin on thn power coble threo-

] M i A Lo [ I

frang ennnector 14 Lhe ground conpeetion,

=21 Ta preswryn the protection fnaturn whep opers
ating the instrament from o two=cantizel outlet, nae
i three=prang to twa=-prang adopter and conneet the
grean {ead on the adapter to ground,

2=20 REPACEAGING PO SHIPMENT

2=2% To wsare wale shipmant of te nstroment, it
b reeammancded that the peckage designed Tor the
instrament be o, The origined packaning materinl
is rengabila, gt i pot avaliable, eontant voor 1,-
eal Hewlott=Packard field office to obtatn the epin-
rials, This affice will alsn luraish the addrean of
the nearest gervice ofijee to which the instramenl
cnn be shippre, Pe guee to attaeh o Ly Lo the -
strument which aprcifies the owner, mode] number,
il serlal number, and serdien regaieesd, or o beied
daseripliog of the trauble,




BECTION 111
OPEPATING INSTRUCTIONS

3=} QPERATING CONTROLS AND INDICATORS

3= Tha frant pat el controls and Indicators, to-
gathar with the normal turp +on sequence, are
shawn in Figure 3-1,
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1y FUSH QRACTE PUTTOR ANLY RUTTON BHEOULD LBOHT,
4 BEY METER uWTCH 10 {kﬁlil“ YOLTAGE RANGL,

3, ADJUST VOLTAGE LANTFOL URTIL BESIRLD OUTFUY VOLTAGE
15 FRDICATEL QN MEYER,

4, ELY METEK 6WITIHE DESIEED CURAKERT RANGE AKD BIVT 240
CUIT DUTPUT TERMIRALS, .

LB ADfUM’ CURKERT CONTRDIS FUR DESIFED OUTPUYT CUFRERT,
B, REMOVE BHORT AND) €2 ANECT LOAD TO NUTFUT TERMIBALSIFAONT
ak FEAR)

v

Figure 3-1, Front Panel Contrals and Indicotors

3-3  OPERATING MODES

3=4  The power supply 16 dasigned so that ity mode
of operation can be selected by making strapping
conpections between partlculor terminals on the
terminal strip at the reoar of the power supply, The
toerminal designations are stenciled in white on tha
paower supply chove their respective terminais, Al-
though the stropping patterns Hlustrated In this
scction show the posttive termina) grounded, the
aperator can ground either terminal or operate tho
power supply up to 300Vdc off ground (floating),
The following paragraphs describe the proceduros
for utilizing the various operational capabilitios of
the power supply, A more theoretical description
concurning the aperational features of this supply
is contained in Application Note 90, DC Power Sup-
ply Hondbook.which may he obtained from your
local Haewlett-Packard field sales office,

3-1

35 NORMM, OPERATING MODL

3=0  the powor supply 16 narmally shipped with g
runr terminnl strapping conpuections arranged for
Constont Vallaye/Constont Currant, local sensing,
local programming, singla unit modae of operation,
This swrapmng pattern ks Blustrated in Figure 3-72,
The oparator selocts eithey a conslant vollaye or a
canstant current output using the front panel con-
trols (lacal programming, no strapping changen aru
neceryory),

AL AQ AY Ad AB AG AP A4 AY <K = GhD) ¢ #% 0

2loRllplqllol2lglel2lplpl ]

g W

MONITORING
FOINYS

Figure 3-2, Normal Strapping Pattern

3~7 CONSTANT VOLTAGE

3-8 Tooueloet a constapt vollage suthut, procied
ol (ol wa

& Turn-on pownr supply ang adjust VOLTAGE
controls for desired output voltoge (output terminals
apen),

b, Shart output terminals and adjust CUR=-
RERT controls for maxlmum output current allowable
{current Junit), as Jdetermined by load conditions,
If o load chinge couses the current Limit to be ox-
ceeded, the power supply will automatically crops-
over to constant curtent qutput at the preset curront
limit apd the output voltage will drop proportionate-
ly, In setting the cirrant limit, allowance jmust be
made [or high peak cutrent which cab couse upe
wanted cross-over, (Refer to Paragraph 3-46,)

-9 CONSTANT CURRENT

310 To select a constant current output, proceed
o5 follawss

A Short output terminals and adjust CUR-
RENT controls fur deslred output current,

by Qpen output terminals and adjust VOLTAGE
control s for nuximwm outhut voltage allowable (voli-
age lunit), as datermined by load conditions, If o
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Jond change cavsen the voltage Hmit Lo be oxoamded,
tha power supply will aulnmatically crossovar (o
constant valtagae autput at the proget veltage Himit
ond the output evrrent will drap proportionntely, In
notting the voltage Jimit, allawanes inust be made
for high peak vollngus which can ciute unwanted
crasgover, (Refar te Paragraph 3=16.)

3~11 GONNEGTING LOAD

3-'2 Lach load ahould he connaciod 1o the power
sapply output tapminale using separate pales of con-
necting wiras, This will mininize mutual coupling
uifocts bowwean loads and will retain full advaptlago
of the low output bmpadonce of the powar supply,
Lagh palr of connacting wires should bhe ap shortas
porsilsla and twistad or shigldod 1o raduce holse
pickup, (I shield Is usad, connaect one end o
powor supply ground tarminal andleaye the othar
and uhsonnectad, )

3~13 If load considarations require that the outpuot
powar distributjon terminals he remately locnted
from the powor supply, then tha power supply oul-
put tarminals shoulil be connected 1o the remote
digtribution terminals via a pair of twistal or
shieldad wiras and aach load suparaiely connaetad
19 the remote distrlbution terminals, Por this cagsa,
remoto sonting should be used (Paragraph 3-20),

3-14 QPERATION OF SUPPLY BEYOND RATED QUTPUT

3-15 The shoded aren onthe [ront panel metor [aco
Indicatar the amount of oulpul voltage or curramt
thatis avallable in excess of the narmal ratosd out=
put,” Athough the supply can be operated in this
shadad region withadt halng domaged, 1t canpot ha
guarantaed to meal all of s porformance specif-
ications, However, If the line vollage i man-
talned above 115 Vae, the supply will probably op-
arate within its specificatians,

3-16 OPTIONAL OPERATING MODLS

3-17 REMOTE PROGRAMMING, CONSTANT VOLTAGE

3-18 The constant voltnge outputof the powar tup-
ply can be programmad {controlled) from a remote
loeation If required, Elther a reslstance or volioge
gource can be uped for the pragramming device,
The wires connecting the programming tepminals ol
the gupplytothe ramol ¢ programming dovice shoukd
ba wwistad or shielded 10 reduce noite pick-up,
The VOLTAGE controls on the front panel are dig-
ablad according 1o the following proceduras,

3-19 Reslstopee Programming (Flgure 3-3), In this
mode, the output voltoge will vary at a rate deter-
mined by the programming covfficient {200 chs per
Volt for Models G253A, 62550, GRB1A, GREAA, and
62090 or 300 ohms per Voit for Models 6294h and

3~2

1 V (RN [

GRO9AY, The autput voltnge will increase ) Vol for
anah 200 ohms (or 300 ohmn) added 1 series vith
the progeamining terpminmls, The programming caeff)-
ciopt ja dotermined by the progromming current, This
eurrept b factory adjasted to within 24 of Smh Tor
Maodels 62534, GABSA, G201A, 62844, apd H2BUA or
2% of 3,3mA for Models G2HA and 62198 I gqeaater
programming seouracy 16 required, it may he achieynd
by chongling rusistor R13,

A AP AY AA Kb AR AT AW R4 =B = GhD v 0§ 0

olefzlalpl4l pl2lRlale

J

o . —

PROGAAWMING Hy
BLGISTOR

Mgure 3-3, Remote Resbstonce Programming
{Constant Voltage)

310 The autput volinge of the pawer supply should
he zero Volts 120 mibivolts when zero ohms i85 cop-
nected gcross the programming teeminals, o zero
ahim voltage closer thon this s yequired, it moy be

anchieved by changing resistor R6 or R on deseribod
in Porayraph 5-59,

3=21 To maintainthe Spbility and temperature co~
efficient of the power supply, use programming
retistors that have slaale, low polse, and low
tomperature {Jess than W0 ppm per degree Canti-
grade) chapcteristics, A switch can be usid 1n
conjunction with various peststan:e values in ordop
to obtaln dipcrete output voltages, Tho swileh
shoukd have maku=hefore-hroak contacte 1o nvoid
momentartly opening the programming terminals
during the switching intarval,

3=22 Voltage Programming (igure 1=4),  Lmploy
the strapping pastern shown on igure 3+ for

RYASORY AR MG MR AT AR Y ok Lhid 0 e A
|
Q@ 114 214
Qlglzio ‘3 Aplelalalaly
iy
FULEE: i
e

I'lgure 3=4, Remote Yoltaye Programming
{Conrtar: Voltnge)




[~ -5

1)

=
-
=

3l skl o
w iR s

Lus

I!il.hl 10 |||I|i|I.HHH|

T

el

voltage programming.: In this made, the outpul yoit-
age will vary Inp o 1 to Y ratio with ‘i programming

voltage (reference valtage) and the tosd an the plo-

uramming, voltnge so irce will nat arcend 2600,

I

3=23 The impadinee matehing reslstor (Ry) 1or the

programming valtoge sourae should be approxlinate)y

5Q0 ohms to mointain the tempepature and stobilly

speciications of the power supply, '

3224 REMOTE PROGRAMMING, COMSTANT
CURRENT

=28 Lithar o resistoncee of o voltage sonree can be
-« pjl to eontrol the canutant current output of the

< Ipply The CURRENT controls an the {rant penel
are digabled nccording 4 the follawing procedures,
+

3-26 Reststonce Progromming Utgure 3=5), In this

-mode, the output current varies at o rate detepimined

hy the programming covefficlent — 200ahms per Amp
lor Model 628)A, 500 olyns per Ampers for Models
625N, 62554, GRRAN, and G2BIA, and 1000 ohims per
Ampere for Models G294A apd 6299A, The program-
ming coefficient is detormined by the Constant Cur-
rent programiniing current (2ma for Models 6253A,
GZS5A, G204A, and G20%A, SmA lor Model 2NN YinA
for Madel 62944 and 3,33mA for Model 6299A), This
current o adjusted to within 10% at the lactory, If
greater progromming aceuracy 18 reguired, Jt may be
nchleved by changing resistor R19 ag outbined in
Sectlon V.

s

Al A2 AY Ad Ab AB A AE A -5 =~ ChD) ¢ #5 A

2loje[lplalplplzlpleelplnls]

LS g e | id w7

A
PROOAANMINY Ry
REBISTON

Pigure 35, Remote Resistance Mregramming
{Constont Current)

3-27 Use stable, low nolse, low temperature coef-
ficient (ess than 30ppm/OC) programming resistors
to maintaln the power supply temperature coelflicient
and stability specifications, A switch may be used
to set discrete values of output current, A make~
befnre-break type of switch should he vaed since
the output current will exceed the maximum rting
ot the power supply if the switch contacts apen
during the switching intorval,

- CAUTION

I tha pragrymming terminals (M) and A6)
should apue ot any Ume during this
mrde, the ovtpue eurrent will pise o a
value that may damoge the powanr sup-
ply apd/or taa load, To avold this
posnibility, cunnnet o resistor acrosuy
the pragromming rminals having the
value listed helow,  Like the program-
ming realstar, this resistor should be
of the low nojse, Jow temperature cool-
felent type,

L Mode] G253N, G2U4N HZ265A, 29, 62994

Resistonce 1. 5Kn 760
Moda) G2HLA, 62940
Resistonce 1Kn

3-218 Voltaqge Pragratmming (tigure 3=6), In this
mode, the oueput current will vary Linearly with
changes in the programming voltage, ‘The program-
mihg voltnga should not excecd 1,2 Valts, Voltage in
excesy of 1,2 Volts will result in excessive power
digsipstion in the inatrument and possible damaqge,

Ri A7 AL A% A% AL A7 AR A -K - HhD 0 b4 A

21212 Q21RURIPIRIRIRIQURIRLP

| 0 S S it W) U\ju

Ax
! —VW—
HEFENENCE M
YOLTAGE

Vigure 3-6. Remote Yoltage Programming
(Constont Curront)

4-29 The output current will be the programming
voltnge divided by 1 ohm, The current required

from the voltaue source will be lass than 25 micro-
ampures, The impedance matehing resistor {1y
should be approximately 500 ohme 1f the temprrature
woeflicient and stabiity specifications of the power
supply are to be maintained,

3-30 REMOTE SENSING {Sce I'lgure 3-7)

3-31 Remote sensing 1s uied o maintain good regu-
lation at the load vad reduce the degradation of reg-
ulation which wouls oceur due to the voltage drop

In the leads between e power supply and the load,
Remote sensing 15 accomplished by utiilzing the
stropping patiern shown In Pigure 3-7, The power
tupply should he turned off hefare changing strap-
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. ping patterns, The leads fram the +5 terminnls ta
the load wii) carry Joas tap J0mA of currant, )
It §8 pr¢ raguired that these leads he v heavy os
the Je.ad laads, MHowevaer, they munt he v isted or
shielded wo minimize nolse plek-up,

— GAUTION

Obsarve palarily when cophecting the
sepkinyg inods to the lnad,

I | d | [ T Il

ar mdra power supplies can ba oporated in sories to
abtain » higher voltage than that avallable hom a
singla supply, When this conheatlon s usad, the
output vollage s the sum of the voltages of the -
dividunl suppliea, Eoch of the individual supplics
must be odjustad in order Lo obloin the lota) outpuy
valtage, The pownr supply containg a protective
dinde connactad intarpally acrass Lig qutput which
protacts the supply il ane power supply 18 turned ofi
while its sories partner(s) is on,

1.
b
b
=

A AR AG AT Al =% = GhD & 5 AID

2elzlpipliRlpql2lpl2lpl2le

L UV A 0 OV [ v bt ‘\....-
Lol

i

4 3
’
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Pigure 3-7, Remote Sensing

3-32 Note that It s deslvabie 1o minbmize the drop
in the loau leads and 1t I8 recammended that the
drop not excoed 1 Volt per Iead if the power supply
I to muet its de speelficotiops, 1l o larger drop
must be toleroted, plense consult o Hewlett-Packard
field representative,

NOTE

Due to the voltage drop In the load
leads, it moy be necessory to readjust
the current Jimit in the remote sensing
made,

31-33 The procedure just described will result Ip o
low de output impedance at the load, | a low ac
impedance 18 required, it Is recommended that the
follawing precautions Le taken:

n, Disgonnect output enpacitor C20 hy dis=-
capnecting the strap between A9 ond -§

b, Connect o capacitor having simllor char-
acteristies (approximately same capncitapce, some
voltage roting or greater, and having gaod high fre-
guency choracteristics) across the load using short
lvads,

3-34 Altuough the strapplng patterns shown In 'lg-
ures 3-3 through 3-6 employ local sensing, note
that it Is possible to operate o power supply simul-
tanecusly In the remote sensing and Constapt Volt-
aye/Constant Current remote programming modes,

3-35 BI:I;HZS QPERATION
3-36 Normal Serles Coppections (Figure 3-8}, Two

Al A} A} Ad A% A& A? A0 AU -8 - CND v 1 5 AIQ

2R AR AR AAREARE

J I U.LU uJ

e[S TS o 5T8TS

AV AR AY A4 AL AG AL AR AD ~8 = GhD + ¢35 A0

Fiqure 3-8, Notmal Suries Connectlons

3-37 Auto-Borios Conpecliops {(Figuye 3-9), The
Auto-Series confiquration is used whon it I1s desir-
ale to have the output vollage of anch of the sarles
connected suppiies vary In cecardance with the
setting of o coptra) unite The conlro) unit Is collod
the moster! the controlled units are called Blavas,
At maximum output voltags, the vallage of the
slaven I3 determines by the gotting of the front
panuel VOLTAGE co* .ro) on the master. The mastor
supply must be tt & most pousitive supply of the
series, The out ut CUARENT controls of oll scrios
untts are operr ive and the current imit Is equa) to
the Jowest control setting, If ony output CURRENT
capirols are set too Jow, automatic crossover lo
constant current opurntion will occur and the out-
put valtage will drop, ‘Ramote sensihg ond pro-
gramming can be used; however, the strapplhg ar-
rangements shown in the applicable figures show
local sensing ond progroamming,

3-38 In order to maintoln the tomperaturn coefffc-
jent and stabillty specifications of the power supply,
the externnl reststors (Rx) shown In Figure 3-9
should be stable, Jow noisa, low temperatute co-
ellicient {iess than 30 ppm per degree Cantigrade)
resistors. The value of cach resistor Is dependant
on the maximum voltage rating of the "master” sup-~
ply. The value of Rx is thix voltage divided by the
voltage programming cutrent of the slave supply
{1/Kp where Kp I8 the voltage programming coef-
ftelent), The voltage contribution of the slave s
determined by its voltage control setting.
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Figure 3-9, Auto-Beries, Two apd Three Unlts

3-39 PARALLLL OPYLRATION

3-40 Normal Parallel Conrections (Figure 3-10),
Two or more pawer supplles can be connected in
porallel to obtaln o totnl cutput cuprent greater thap
that avallable from one power supply, The total
autput current is the sum of the output currents of
the individual) power supplles, The output CURRLENT
controls of each power supply can be separotely
sot, The output voltage controls of ane power sup-
ply should be set to the desired output voltage;}
the other power supply should he net for a slightly

, larger output voltaye, The supply set to the lower
output voltage w,il act as 2 copstant vaoltage
source} the supply set to the higher output will act
hs a capstant current source, dropplhg its output

3-b

" AL AP AY AR AB AB AT AN A9 »8 ~ GHD ¢ +8 AKD

2RIRURIPIRURI2IRURILIRIRIRIP

ot et et Lt g -

RSB IS B S Ta [ 4TSS

A AR AY AR AD AD AL AN AU =% ~ GHD + ¢ 5 AID

l‘lqur'u 3-10, Normal Parallel Connections

voltage untll it equols that of the other supply. The
capstont voltage source will dellver vnly that frac-

tlon of its total roted output current which Is noces-
sary to fulfit) the total current demand,
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Pigure 3-11, Auto-Parallel, Two and Three Units

3-41 Auto-Paralinl, The stropping patterns for
Autb-Parallel operation of two power supplies ere
shown in lgure 3-11, Auto-Parallel operation
permits equal current sharing under all load con-

U B e 1 e



ditloys, and allows complote contral of autput cur-
rant fram one mapster power supply, The output cur-
rent of each slove will be approximately equal lo
the moster's ragardless of the load conditions,
leeaune the output current controls of each ulave
are aparative, they should he get to haximum Lo
ovold having the slave revart to constant cuprent
anaration} this would occur i the master qutput
curranl setth,g excoednd the slave's,
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Figure 312, Mito-Tracking, Two and Three Units

3-42 AUTO-TRACRING QPLRATION (See 'igure 3~12)

3=43 The Auto~Tracking conliquration is used when
it 18 necensary that several different voltages 12~
{erred to o comman bus, vary in proportion to the
setting of o particular Instrument {the control or

3-5

master), A fraction of the master's outpuy yo'tangn
I {ed to the comparlson amplifier of tha sloye sup-
ply, thus contral)ing the slave's nutput, The maptor
must have the lorgest output voltnge of any powsr
supply I the group nust be the most positive sup-
ply I the example shown on Igure 3-12),

3-44 1he outhut valtage of the slava 18 a pereaplt~
age of Lhe master's outpul voltage, and is detar-
mined by the valfjge divider consisting of Ry (or Ry
amt lty) and the valtoge contral of the slave supply,
Rpe wherat U= EMIP/RY - Rpy Tupn-on and turn-off
of the power supplies Is conttolled by the manter,
Remote sensing and vrogramiming can be used; al-
though the strapplng patterns for these modes show
only loeal sensing and prograsmmineg, In order to
maintaln Whe tempersture egefficient and stabiity
vnecifications of the power supply, the external ro-
sistors should he stable, low nolsae, low temperature
{less than 30ppm per 9C) resistaors,

3-45 SPECIAL OPLRATING: CONSIDERATIONS

3-46 PULSE LOADING

3=-47 The power supply will automatieally cross-
over from constant voltago to constant currepnt opor-
ation, or the reverse, 1n response Lo an tnerease
(ovar the preset Himit} in the output errent or volt~
age, respectively, Mthough the preset Himit may b
set higher than the nverage vutpul currepl or voltoye,
high peak currents or volloges {as oceur ih pulse
loading) may exaeed the proset limit apd cowse
crassaver lo oceur, If this crossover Hilting 15 not
desired, set the preset 1mit for the peak regulre-
ment and pot the average,

3-40 QUTPUT CAPAMCGITANCI

3=49 An Interns) copocitorn connected acrons the
output terminals of the power supply, helps Lo sup-
ply hlgh=current pulses of shart duration during
conitont volitage operotion. Any capacitance addoed
axternally will improve the pulse current capability,
hut will decreae= the salety provided by the con-
stant current cirewit, A high=current pulse may dam-
age load companents hetore the averaye outpul cur-
rent Is large enough o cause the constant current
circult to operoate,

3-50 The effects of the output capacitor during
constant currept operatian are as lollowst

8. The output impedance of the power supply
decreasas with Increoasing lrequency,

b, The recovery time of the output vollage I
longer for load resiatinee changes,

¢, Alarge surge curret causing a high pow~-
er disslpation in the Yood occurs when the load re-
sistonce is reduced rapldly,
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3-81 REVERBE VOLTAGLE LOAING

3=52 A dloda s conneeted acrass the outpul term)-
nals, Under normnl operating conditions, the dijods
Is reverse blased (anode connuected to hegotive ter-
minal). M o reverse valtage 18 applied to the output
terminalp (positive voltage applied to negative ter-
minal), the diode will conduet, shunting current
across the output terminnls and Limiting the voltane
to the forward voltaae drop of the dlode, This diade
protucts the series transiutors and the outpn olpe-
trolytic eapacitor,

=53 REVERSE CURRENT LOADING

d=54 Active toads connceted ta the powar supply
may actoally delivar a reverse current to thp power
supply during a portian of s opetating eycle, Ap
external souree connot b allownd lo pump enrramt
Inta the supply withoul loss of regulation and pon-
gihie digpage to the output copoeitor. To avoid
these effects, 1L b5 neeessary to preload the sup-
ply with o dummy load resistor so thal the pownr
supply delivars current through the entire oporating
cycle of the Joad deviee, : '
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SECTION IV
PRINCIPLES OF OPLRATION
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Figuee 4-1, Overall Block Diagram
4= LL BLOC BCUSS10 voltage or current, The voltage developed acrons

41-2  The power supply, as shown on the overall
block diagram on Figure 4-1, consists of a powar
transformer, a rectifiar and filler, a series regula-
tor, the mixer and arror amplifiors, an "OR" gate,
a constant voltage nput gircult, a constant current
input circult, a raference regulator clrcult, o bias
supply, and a metaring circuit,

4=3 The Input line voltage passes through the
power transformar to the rectifier and fiiter where
it s converted to raw DG, The DC current passes
through the geries regulator 1o the positive output
tarminal via the current sampling reststor(s), Tha
requlator, part of the feedback loop, 15 made 1o
alter its conduction to maintaln o constant output

the current sampling rasistor{s) Is the thput o the
conslant current lnput circuit, The outpul voliage
of the power supply I8 sompled by the vollage input

circuit by means of the sansing torminals (£5), Any
chahe 2= In output vollage/currant are detocted In

the constant voltage /constant curnent fnput clrcuit,
amplified by the mixer ond arror amplifiers, and
opplied to the serfe: ragulator in the correct phage
and amplitude to counteract any change [n output
vollaga/autput current, Tha reference circull pro-
vides stable reference voltages which are used by
the constant voltage/current input cireuits for com=
parigon purposes, The bias supply furnishes volt-
ages v hich are used throughout the instrument for
biasing purposes, The mater clreuil provides an
Indicat;nr of output veltage or current,
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Figure 4-2, Bimplihed Schematie

A-4  BIMPLIFIED SCHEMATIC
4=5 A stmplifled sehematic of the power supply is

shown in Figure 4-2, It shows the operatihg con-
trols} the ON=-off switeh, the voltage programming
contrals (RLOA and REOR), and the current program-
ming controls (RIGA and R1GN), The METER switch,
theluded In the motor cireuit block on Figure 4-2,
allows the meter to read output voltnge or current
in either of two ranges, Figure 4-2 also shows the
Internal sources of hias and relerence voltages and
their nominal magnitudes with an input of 115 Vac
and no load connected, Piode CR34, connectad
across the output tetminals of the powar eupply, is
a protective dovice which prevents internal domoge
that might occur if o roverse voltage were applied

4-2

across the owtput terminnls, Quiput capacitor, G0,
i also connected across thoe outpul torminals whnn

the normal strapping pattern shown on Figure 42 is

employed,  Note that this capacitor can be remaved
il an Increatie in the pragramming speed s dusired,

Undor these conditions, capacttor C19 serves ta in-
sure Joop stobility,

4-6  BERIES REGULATOR

4=7  The serles reguloator conslets of transistor
stages Q6 and Q7 (see schematie al rear of manual},
Transistor Q6 Is the series clemant, or pass teansls-
tor, which controls the output, Transistor Q7, to-
gether with shunt resistors RBY, RBZ, and RB3, are



canneatad 10 s manner whieh minimizes the powar
dlgnipnted Iy surian tronsistor Qb, The hisg vpltagy
for Q7 is duvelopad acrosn o series dlodn notwork
(G2 through GRIG for Modely 620IA and GREAA or
CRIZ and OR1A for the ramaining Madels)y  The cop-
duction of Q7 will dacroase ns the colluctor=to-
amitter voltage of 4 appronches the yollage dave) -
opad ocrout he hinsing dicdes, At Jow output volt-
nges Q7 1u ‘womplelnly cutoff and all ol *he load cur-
rant flows thro Jlgh the shunt resistors,  The voltnye
that js dropped across Q7 and the shunt resistors
reducan the vollnqu droppad ncross Q6, thus dimin-
ishing s power dissipation, The reliobility of the
regulator 14 further imcresged hy mounting \he shunt
resislors oulslde tha year of the cabinut sa that the
internnl compsiants are opernted vinder lower tain-
perature conditions, Dinde GRY1, conneoted acrons
Q6, protects It from ravarse vollages that covld do-
velep across 1t during paralle) or suto~parallel op~
oration if one suvply I8 turned on before the other,
Diodes CRIB and CRLY perform o simllor function
for Q7.

d-0 CONBTANT VOLTAGE INPUT CIRCUIT
{Figure 4~3)

A-9  The elrcuit consists of the coarse and fine
progromming roslstors (R1OA and R10B), and o differ-
gptial ampliiter stoge Q1 and nssociated compo-
nepts), Transistor QL consists of \wo silicon tran-
sistors housed ip a single package, The transislors

have matehid eharaeturistics mbnmiging diffurantia)
valta jes due 1o mismotchad stages, Moraover, Jdrift
due 1o tharmal difforuntiola i mipimied, #ines botd)
franshstors opurate ot essentinlly the same tompnri-
Lhire,

A-10 Phe contaat voltnge Input clreuil continuously
oampran o xed reference vollage with o portion of
the sutput voltage ond, 3 a dibference axlsie, jro-
ducues an error voltage whose amplitude ond phnse Iy
propartional 1o the difforence,  The error amputl i
led back to the serlus regulator, through QR gote
diode CRI and vhe miser/error amplifinrg, Fhe vrror
voltage chiangoes the copduction of the aories regulo-
tor which, ih turn, olters the output valtage so that
the diffurence botween the two input voltages ap-
plivd ta the differentin) omplifier 18 roduced to zoro,
This wction maiptaing the outpul voltagae canstant,

4-11 Stage QIB of the differentia)l amplifior ;5 can-
nucted to o common {18) potential through ynpedabcr
aquolizing resistor 5, Resistor RG and RE are uped
to zero biag the input stage, offselting minor baso
to emitter voltoge dilferonces in QL. The bane of
QIA s connectud to o syumming point at the junction
af thn progromming resisters ond the current pullan
resistor REZ, Instontoneous changes in outpul volt-
nge result [n an increase or decrease I the summing
point patential, QA Is then made to conduct more

b}
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Figure 4-3, Constant Voltage Input Circult, Stmplified Schematic
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oF leus, In accopdiance with susning point voltage
changa,  The resultant output wiror voltage is fud
back to the serias regulator vio the remalning com-
ponents of ihe feadback Joop, Resistor Y, ipsurles
with the base QIA, Limits the current through tha
Iragramming raesistors during ropid yoltnge turn~-
down, Diodes GR1 and CR2 form o Hiniting nutwork
which pravent axcessive vollage exeursians from
ovar driving siage Q)% CSapacitars Gl and G2,
shunting the progranming resistors, inerainio the
high freguency galn of the input amplifier, Reslstor
RL3y whunting pullout rasistor R12, soives ne o trim-
ming adjustmant for the programming current,

1-12 CONBTANT GURRENT INPUT CIRGUJT
“—'HUEQ .!-:n

413 This clrcult ks shmilar in appearance and opur-
atlon to the constant vollage input cirevit, It cop-
sists of the coarse and fine current programming ro-
slstors (R16A and RIGB), and a differantiol amplificr
slage {Q2 and associated componenis), Like tran-
sistor Q1 in the voltage Input circuit, Q2 consists

al twa ransistars, having matched charactor! stjoy,
that are housed In a slhgle packaye,

1-14 The ccustant current Input clrcuit continuously
compares a fixed reference voltage with the voltage
drop across cutrent sampling resistor{s), 3 a differ-
ence exlsts, the differential amphifior produces an

arrar woltaga which Is propaortional to this diffurmca,
The ramalning campanents in the foodbinek loop (nm-
phfiers ond sorles regulater) function 1o maintaln the
drop across the currant sampling resiator, and cop-
sugquuntly the oulput eurranty ot o conttant valuw,

=15 Stoge Q2B 1 conneetnd o the 18 through -
pedapce equalleing reslstor R26, Raslstors R26 amd
R28 are usnd to varo bing the Inpul stoge, offsetiing
minar hune to amitter vallage diffurences 1h Q2 In-
staptanoous chongus In owlpul current on thy pasi-
tive line are folt ol the current suwmming paint and,
hance, tha hose of QA Sloge Q2A varies its con-
duction jn nceordnnce with the polarity of the chinge
ot the summing painl, The change iy Q2A's condua
tion also varies the candugtion of Q28 due o the
caoupling offects of the common emittar rusisior, R
The wiror voltage ir Wkep from the collector QI8 and
fed back 1o the saries regulator through QR=gatn
diade CRA and the remalning componesnts of tha foud-
back Joap, The wror voltaga thon vorles the con-
duction of the regulalor so that the autput currunt s
maintolned at the poper lavel,

4=16 Rasistor R20, in conjunction with R21 and G3,
helps stabillze the feedbnek Joop, Diode CRS limits
voltage @ wursions on tha base of Q2A, Rosistor
R19, shunting the pullout resistor, serves as a k=
mihg adjustnent for the programming currait Hlowing
through R1GA and B,
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417 VOLTAGL GIAMP GIRGUIT {Ilanty 4-5)

A=18 The voltagu clamp clreudl kanps the constant
valtaga programming currant relativaly cansiany
whan tha powar supply ks oparating in \ha corsiam
gurrant mode,  This 18 accompliahed by clamping
tarminal A6, the valiage summing paint, la o fixnd
hins voltage, During constant eurrent oparation the
capstant voltaga programming rasistors are a shunt
Vond naross thie outpul terminale of the powar supply,
Whan the output valiage changas, the curront
through thaso rasistors also ends to change, Bince
tius programming currant flowe  hrough the current
sampling rosistor(s) It Is erroncously intarprated as
a Joad change by the current input elroult, The
clamp cirsuit oliminates this undasirable alfect by
maintaining the constant voltaye programming cur-
rept copstant,

4=19 The voltage dividen R6L, R62, apd GRI), back
binses CRI0O and Q10 during constant vollage opera-
tion, Whan tha power supply goet ihio constant qur-
rapt aperation, CRIO becomes forward binsad by the
collector valtage of QIA, This resulls in conduction
of Q10 and the clamping of the summing point at 4
potential only slightly more nagative than the nor-
mal constant voltage potential, Clamping this volt-
age nl approximalely the same potantial that exists
in constont valtaga oparation, results jn a constant
voltage across, and consaquantly a copstant curpent
through, the current pullout resistor (R12),

4=20 MIXER AND ERROR AMPLIFIERS (Pigure 4-6)

4=21 Tha mixer and aerror amplifiars amplily the er-
ror signal fram the constant vollage or canstant cur=
rent input clrcuit 1o g level sufficient 1o drive the
series rogulator tranbislors, The amitier blns po-
tential for mixer amplifier Q3 Lo establishod by volt-
age divider GR6, CR7, 129, Transistor Q3 raculves
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Mogure 4=5, Voltage Clamp Circun

the arror voltage Input from either the constant volt-
age or constant current cireuit via the OR-gate diodn
(R ar QRA) that is conducting,at the time, Diode
GR3 I Torward biased, and CRA mversed binsad,
durlhg constant voltage oparation, The reverse is
true during constant current oparation,

4=22 The NG nelwork, composad of C6 and R0, Is
an equalizing netwoark which provides for hiyh fre-
quancy roll off in the Jaop gaip response ip order to
stabiize the foedback loop, Emitter folluower tran- '
sistors Q4 and Q5 are the error amplillers and tran-
sislor QLG sarvens as the driver elemant for the
saries regulator, Transislor Q4, tagather with diodu
CR17, providas a low rasistance discharge path for
the auipul capacltance of the powar supply during
rapid down programming, Diode GR35 prevents Q4
from turning on and possibly being damoyged during
Auto-Parallel aperation i one unit 15 turnad on he=
fore another,

-—mss——y—’(‘j
rhy By

FFOM CORSTART
CURKERT iWFUT
circuT

|
I
]
CE-OMT I
|
|
|

FROM EORRTARY

—K—r—\'ﬂlﬂﬁ: INFUT

GIRCUIT

- e

"}
0

Figure 4=6,

1-5

Mixer and Erpor Ampliflers, Simplified Schematic



1-23 REFERENGE QIRQUIT

1-24 Tha mf:’:mncn cirenit (sae sohamalic) 16 n
feadback poawar supply similar to the main supply,
It providas stablo mferaneo voltagas which are
unad throughaout tha unis, Tha referencae yollages
am all darived from smauthed da obtatnad from the
full wave ractifior {GR22 and CR2J) and Jilter eapa-
gllor CLO, The #6,2 and =6,2 voltages, which are
usad In tha constant voltage and current Input cir~
guite for comparison purpases, am developod
across lamparaturs campensaled Zanar diodes YR
and VA2, Reslator RAD limlis the curmnt through
the Zaner diadas Lo establish an optimum hias level,

4=25 The ragulating Siroull conslels of serjas mgu-
lating ranstistor Q9 and orror amplifier Qi, Quiput
vollagae changes aro detactad hy QI whosa bse 1
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Meler Circuit, Stmplified Schematic

conpeatad 10 the Junctlon of a valtago dividar (R41,
R42) connactad directly across the supply, Any ar-
rar signats are amplified and invariad by QN and ap-
pHad 1o the base of sarjes transistor Q8, Tha norles
alamant thap allers Nu canduarion in the dimation
and by the amount nacasnary 1o maiptain the volt-
aga agpons YRL and YR2 constant, Resislor R46, the
minltier rapinvor for Qi) s cannacted in o manper
vihich minimizoes achanges In the ralerangn vollage
caugad by variations in the input lne, Output capa~
cilor G stabllienn the mgulator laop,

A=26 METER CIRCUIT ([iuvre 4=7)

=27 The mety cirenlt providas continueus indlea-
tans of output vallage or eurrent on o single mulii-
ple range meier, The mater can he vsad njther as a

voltmaeler gr an ammetar dapending upon the pasition
of IMETER switeh $2 on the frant panal of the supply,




This switeh also selocls one of two metar rapgup on
anch acala,  The metering eirauit cansists hagleally
of o soleation ¢lrenit {swltah B2 and nspocinted voll-
voltage dividers}, o stable diffaruntio) amplifier
atoge (QL1 through Q14), and e matar movament,

4=28 The noluction eirauit detarmines which volt-
age dividar s connoclad to the difforemtisl ampbifior
Iput, Whan 82 Js In one of the vollage pasitions,
the voltage acrons dividur REY, RGN, and R6) {con-
neeted aoross the output of the supply) ls the input
to the diffupantinl amplifier, Whan B2 i In one of
the aurrent positlons, the voltoye acrogs divider
nE6, {57, and RSB {connactnd acrons the sampiing
rasintor network) is tha input to the differantial um-
plificr,  The ampliad autpul of e dillerentia) am-
plifier I8 used to defloct the meter,

=20 The dilarontial amphiliar s o stable dovien
having a Nixed galn of ten,  Blage Q) af the differ-
aptiol amplifior raceivas o ragative valtage fram the
applicabln voltage dividar when 52 5 10 one of the
vollage positions while stage QL3 16 connectad to
the 16 {comman) terminal, With 52 10 a current pasi-
tion, stage Q13 rageivas o positive voltage fram
the applicabin voltage divider whtle stage QLY 18
connectnd to the 48 terminal,  The differential out-
put of the amplifier is tokaen from the collnctors of
Q12 and Ql4, Transistor Q15 18 a4 conatant current
souree which sets up the yraoper bilas currant far the
amplifier, Potentiomater R63 permits zerotng of the
meter,  The metor amplifier stage contatns an js-
hurent current Jhinkting faature which protects the
mater movemeat agatnst overloads. For example,

H METER switeh 82 s placed in pasition 4, {low
current rangn) when the powar supply 1s actuslly
delivering a hichor ampere oulput, the differential
amplihers are quickly driven inlo saturabion limiting
the currant thrasgh the mety ta o sale value,

d=30 Prgures -0 asd 4= show the mater connmg-
Liaps whan 52 15 10 the idghay voltage ami curront
positions, rapectively,  For the sake of simplicity,
pomne of the actual clrcult companents are nat shawan
on thane drawings,  With METER switch 52 1n the
higher valtage 1ange, pasition (2), the valtage drop
across oY s the input *o the meter amplifier and
the meter ipdicates the outpul voltage across the

5 and <8 teemipalg, For low output voltages, 52
cah b awitehnd to positian L oresullineg in the apphi-
citlop of » lapger porcentage of the output veltagn
{drop nerass MR and RGY)Y 1o the metar amplifing,

=31 With 52 i the higher current anga position
{Figure 4=0) the voltyge drap across 0GB is applied
to the meter amplifler and U mater indicatos the
outputl currept which fbows through RS0, Ter Juw
valuns of output currant, 52 can be switched
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pasitian A and the voltage drop ocross R67 and R6G
ks appliod o thoe meter amplifier,

4-32 QPERATION OF REGUIATING VLENBACRK LOOP

A=33 The feedback foop lunctions continuously to
kenrp thae gutput voltage copstant, durlivg cohstant
voltager operation, and the cutpul eurrant constant,
durbing constant curront aperation,  For parponens of
this discussion, sssume it the unit is In copgtant
voltage operation and that the progeamming resielors
have boen adjusted sa tat the supply s yielding
the desiped output voltaspr, Fourther apsume that the
output voltage mstantineo sly rises {yoes positiva)
dun to a varlation in the axterns) laad circullt,

J=34 Note that the chonge = be i the form of »
slow rige 1n the autput yoltage dr o pasitive goimg
ac sigpal,  Anac signal g canpled Lo summimg
point A6 throunh capacitor C) and a de volluge s
ooupled to AE thraugh R,

A=35 Thoe rine i output voltage caugas the voltage
at A and thus the basn of QA to decrease (o
negstive), QIA now decreases its conduction aaul
it callector yoltaje rises, The positive going err
voajtaga io amplilied and imvarted by Q3 and Hind to




the bage of saries transislor Q6 via the amittar (o)
lawer(s), The hagative golpy Input cadies Q6 to
dugraaga (s conJuation so that It drops more of the

Jino vollage, and reduces the output voli
orighnal Javel,

A=36 1 the extaernal lood reslstanco s d

Ay o iy

nern

to n cartoln gropsavar pointy the onlput cureapt
Increstns uptll tronsistor Q2N baging 1o conduct,
During thig time, tha output voltoge hag also de-
creagnd 1o o javel so thal the bage of YIN b al g
Mol pontitive patentinl,  With Q1A in ful) copducting,

1-1

s collector vollage doeronuas by thn amoupl jing-
apnsary 1 haak bias QR gate dbade CRI apl the sup-
EbY 18 now in Her conslapt evreant nodn of ojpmra-
ton,  The cragaovar palnt at whiah capstapt eorront
aperation commenzmg 16 datarminad by thn aetting
of GURRENT comml R16,  The aparation aof tha i~
gk leap during the constant currant aparating mode
b simblar 1o that durlig cobgtant valtage aparation
nxenpt that the Inpul to e Jifferantial amplifier
comparison clreult io obisingd from the eurqant dam=
pling rasistor(s),






BLCTION V
MAINTENANCE

5-1 INTROPUCTION.

5=2  Upon racaipt of tha powar supply, the por-
farmance chagk {(Paragraph 6-10) should be made,
This check is suitabla fo¢ Incoming inspeation,
n {aull 15 dotactaed In the pawer supply while
making the parformanca rhack ar during narmal
opatation, proceed to thy troubloshooting proce~-
dures (Parngraph 5-25), [Altor troubleshooting and
repalr (Paragraph 5-35), [petform any necassary -
Justingnts and ealibratighs (Paragraph 5-37),
Befora raturning the pownr supply to normal opra~-
tion, repeat the purfornfnce ehiack to ansure that
the fault has been propurly coracted and that no
other faults extst, Babhjra dofng any malntopance
chacks, turn-on power kupply. allaw a hall-hour
worm=up, and rend the Eunuml information ra-

garding mansuremant e hniquas (Paragraph 5-3),

5-3 GENEML MEASUIi!ZML‘N]‘ TECHNIQUES

5-4  'The moanuring device must be connectad
across the sensing leads of the pupply a1 as close
to the output tarminals as possibie whon maasuring
the oulput impedance, [ransient response, regula-
tion, or rippla of the piwer supply In oruir Lo
achieve valld measurariants, A measurament made
across the load includcs the impadance of the leoads
o the load and such lapd lengths can eaelly have
an Impedance sovaral crders of magnltude grontng
than the supply impedapee, thus invalldating the
measuramant, :

6=5 The monitoring davice slyuld be conneclad

to the +8 and -5 terminhls {see Flgure 3-2) or a8
shaown n Figure 5=1, ‘the parformance charactoris -
tics should never he miasurad on the front terminals
if the load 18 connectin] across the roar Wrminals,
Note that whan measurtirents are made at the front
kermipals, the monitorl g leads are connacted at A,
not ¥, as shown in Figire 5-1, I'nilure 1o conpect
the measuring dovice ay A will result In o measure-
ment that includes the eslstance of the leads bo -
tween the oulput lermin bl and the point of connec-
tian,

|
)

i 5wl

§=6  [For output current mansuraments, the currant
sampling rosistor should be a four-tominal resisior,
Tha four tarminals ne canneeted ag shown in

Figura 5=2, In addition, the reaistor should ha of
the low nolce, low tamperatuie coofflclont (loss
than 30 ppm/9G) type and should he used at no
mare than 5% of Ite rated pownr so that 115 lemper-
atura rlse will be minimieed,
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Figure 5=2. Qutput Current Measutemaent Taehniqua

5-7  Whan ustng an oscilloscope, ground one
terminal of the power supply and then ground the
case of the osciiloscape to this same point, Mako
cartain that the case s not also graunded by some
other means {powar ling), Cunnect both oscillo-
scope Input I2ads to the power suppiy ground tecmi-
nal and check that the osellloscope (5 not axht-
biting o ripple or transient due to ground loops,
ick=up, or othar means,

5-8 TEST EQUIPMENT REQUIRED

5=9  Table 5-) lists the wst equipment raquined to
parform the various procedures deseribed tn this
section,
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Tahlo 6=3, oTeat Lguipment Roquired

—_ Raguired ™ Rucommendad
i Ty Charnctaristics Matla)

_ Mfarantial Bansitivitys 1 my full seale Maasure [ voltagast dp 3420 (See Notn)

= Voltmaior (min, ), Input impadaneat gallhration proceduros

a 10 magohms (min, ),

Z Variable Rangat 00=130 volts, Vary AC jhput heme e

Valingn Fauipped with yvelimoter
_ Transformnr pecurnta within ) valt,
- AC Voltmuter | Accurncyt 2%, Sunsitivity: Mansure AC voltages and b Ao3p

1 mv tull seale deflection
{min, ),

ripple,

pasistancat 20, 000 ohms/volt
{(min, ),

_: Oucilloscope | Senstuivityt 100 py/om, Display translanl response f 1A0 A plus
= Differential input, waveforns 14008 plug in,
= 1

- Gaelllntor Ranged 5 cpt to 608 Ke, Impedance chaeks f 00 CH

g 'Acouracy 2%,

= NG Volimater | Aceupneyt 1%, Input Muapure DC vollages dp A1 2A

Repatitive
Load Switch

Ratat 6O — 400 )iz, Zkec
rise and fal) timn,

Measure transienl response,

Son Figure =7

Resfrtiva

Voluos: Sea Paragraph 5=14

Pownr supply Ioad resistors

- e e e

TR AT

Loads and Pigura 5-4, 5%, 75 walls,
Current Vﬂlu“t San I'lflum 5"". l\':nuﬁuru Currnng: Cﬂ“hrﬂ‘ﬂ - e
Sampling 1%, A0 watls, 20pp, meter
Rusistor d=Tarmina)
— Rogistor 1Kna )%, 2 wott non=inductive | Measure Impadance wewE e
"2 Resistor 100 ohms, £57%, 10 wall Maasure impodanen e ———————
% Resistor Valuar See Paragroph 5-17, Calibrate programming currant LT LY L
= &0, 1%, hwan,,
-] Resister Valuet Sce Paragraph 5-50, Cal'brale programming currgnt | ========e--cee=-
= 0, 1%, } want,
L.
ai Capacitor 500l 6O wyde Measure impedance, memeem e
Docade Ranger 0-500K, Maasure programming e ———————————
Resistance Accuracyt 0, 1% plus 1 ohm coefficients,
Nox Make=hefore-break cantacts, i

5-2




i i s | Y

Requirai Jcommepdar

Typu Characietistics Usia Mot}
Capagita) Gidpf, 50 wwile Muasure impalance, i
Daandn Rangnt 0=160K {min, }, Maagsure pragrvmming N L T T
taslstnnee Acauracyt 0, 1% plas ) olim conflicinnts,
oy Make=haforn=hraak cantacis,
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Figure 5-3,

NOTE

A satisfactary substitute for a differontial voltmator
15 1o arrange » referanean voltage sourcs and null
datector as shown in Fiqure 5-3, The raference
voltage source In adjusted so that the voltage diffor-
anca botwoan the supply biying mearurad and the
refarence voltage will have the required resolutlon
for the mansurammt being made, Tho vollage diffor~
anca Wil be a fupetion of the nul) detector that is
usmd,  Lxamplos of satisfactory null dotectors arel
fe 419 A nul) daetector, a DG eoupled orueilloscope
atslizing differential Input, or a 50 mv meter move-
mant with a 100 division scnle, Tor the lattar, a

2 mv change In voltoge will result In o mater deflec~
thon of four divintons,

CAUTION

Core munt be exarcined whan using an electrapte
null detacior In which ena Inpul tapminal 158 grounded
to avaid ground loops and cireuloting currents,

KEEERE P d
It W
o 5-10 PLRFORMANCE TEST
f g b~=11 The {ollowing 1ust can be used as an in~-
| coming tnspaection check and apprapriale portions

of the test can be repeated esther to cheek the
speration of the instrument after repairs or for
perjodic maintenance tests, The tests are por-

HELL TR

formod using a 116=-YAC 60 cps, , single phase -
put power source, If the corract result 1s pot ob=
tatnad for a particular check, do not adjust any
contr’olu; procaed to troubleshooting (Paragraph
5-20),

Differential Volimeler Subsiituta,

Test Setup

5-3i
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5-12 CONBTANT VOLTAGLE TESTS

6-13 Rated Quiput and Majnr Accuracy,
5=14 Valtage, Mounad au Jollows:

8, Conhnuat load resislar suross raar oulput
tarminals of supply, Roesistor value to ho o
followat
Madal Na, 625IA 62048 62094 6204A 62097
Rasistance 1,64 b dhp 60a 1334

h, Connuct differantin} voltmeter ncross 8
and -8 terminals of supply observing correet polay-
iy,

¢, Bot METER switch to highest valtage range
apd wrn on supply,

tf, Adjust VOLTAGE controlis) until front
panel meter indicatas exactly the maximum roled
output voltage,

2, Differantial voltmaetar should Indicatn
magimum raoted output voltage within &2%,

5=16 Current, Procood as followst

a, Conpoct lest selup shown in Figure 54
laaving swileh 51 apen,

b, Tum CURRENT controls lully clockwisn,

e, St METER switch to highast currant rangoe
and wrn op supply,

d, Adjust VOLTAGE control{s) until fromt
papel meter Indicates axactly the maximum rated
autput current,

e, Differentinl voltmaster should road 1, 0 &
0,02 Vde,

MOBEL KO, - A{:’SIIQHMH..
N | K
R W1
FOWER SUFTLY 8) RN g N
UKDEN TESY b S E¥A ok | g
LTI e | '
PO 15%A IRy}
9 0 of
13
LOAD
KESISTCR
BIFFEMERTIAL
CUFFENT VOLTMLTER
BAMILING
FLEIBTOR -8
4 T ? 3P

Figure 5-4, Qutpul Current, Test Setup

5~16 load Roqulntion, To check constant voltage
load regulaticn, procecd as follows:

o, Copnect west setupas shown in Figure 5-5,
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Figure 55,  Load Regulation, Caonstanl Vollagn

by Turp CURRENT controls fully clockwitie,
¢, Set METER switch o highast curpant ropge
and turn on supply,

d,  Adjunst VOLTAGL controli{s) until tront
papel meter indicatzs axactly the maXimug roted
outpul voltage,

a, Read ond record voltage indicated an fhi-
faremtinl vo!tinalar,

f, Digconnect land rosintors,

. Reading on difforentin) voluneler shouhl
not vary from reading recordud in slep e hy mom
than the following
Moda) No, GABIA L2DAA HIROA L2WIA H2YYA
Variatiop (mvde) kS L0 Y kR £y

R

=17 Line Regilation, To check the Line requlation,
pioceed as followst

4, Connect var! “bla o transformer bhelween
It power source and power supply power Input,

b, Turn CURRENT controls fully clockwise,

¢, Connect test setup shawn i Figume beb,

d,  Adjust varlable auto .rarsfopmer for 106
VAC input,

@, Set METER switeh to highast vollage ranyge
and turn on supply,

[, Adjust VOLTAGE control{s) unti) fram
panel meter indicates exactly the maximum rated
autput voltage, f

g, Read and record voltage indicated on dif -
furantial volimeter,

h, Adjust vartable auto transiormar for 125
VAC Input,
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b, Reading op diffepapiial voltmater should
not vary from reading recordad In slep ¢ by mara
than the following:

Maode) No,

Variation {mvde) 2,76 &4 Y 1) 12
5-10 Ripple and Nojse, To chack the ripple and

nolse, procand as followst

#, Neiain test sotup used for pravious ling
regulation test nxcept gonhact AC velimaeler acrass
output tarminals as shown In Figure G=b,

b, Adjust variable nuto transformer fop 125
VAG Input,

¢, Sat METER swilchwohighest current range,

d, 'Turn QURRENT cantrols fully clockwisa
and adjust VOLTAGE control{s) untl) front panel me~-
ter indicotas exactly the maximum rated oulput
vollage,

e, AC voltmetar should read less than
0, 20mvrms,

0|

POWER SUPHLY
UNIER TE8Y
+* "
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Figura 5-6, Ripple and Noise, Constamt Yollage

5-19 Transient Recovery Time, To check the
translent recovaery time procead as follows

0, Cobnoect test setup shown in Figum 5-7,

b, Turn CURRENT conirols fully clockwise,

¢, Set METER swltch to highest current
range and tum an supply,

d, Adjust VOLTAGE cantro}{s) until front
panel moter indieates exactly the maximum roted
output voltage,

62BIA G047 GROUA BRUAA G2U0A

i, Clong e switeh on rapatitive load

switch sntup,

I, Mdjust 25K potentiomaeter until ¢ atahilo

MIWER SUIHLY
UNIEN YESY

display (5 obtained on oscilloicope, Waveform
shoild he within the olorances shown in Pigum 5-1
foutput should retrn to within 15 mv of originn)
valun In loss than 50 micronaconds),
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Figure 5-7,
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5-20 Quiput Impadanca, Mo choek the nulput in-
padanen, procend as jollows;

n, Gaophact st setup as shawn in Flgure 6-8,

b, Saot METER switzh to higheut valtago rangn
turmn GURRENT controls fully clockwise, and turp on
supply, ‘

2, Adjust VOLTAGE control{s) until front
panal metar reads 20 volis (6 volts for Mode) 620)A
supplies),

d, Bat AMPLITUDE gontral on Qsclllator to
10 volis {F1p), and PREQUENGY control 1o 10 eps,

8, Raecord voltage across autput tarminaln of
tho power supply (Eg) as indicated an AC voltmater,

f, Galeulato the output impadance by the
following formulag

O
ot E - To

Eg = rms voltage across power supply oulpul

terminale,

R = 1000

Lip= 10 volts

g, The output impedance (Zout) should be
lesa than 0, 00) ohm,

h, Uslng formula of slep [, calculate output
impodapce at frequencles of 100eps, 1Ke, and 500Ke,
Valuas should ba lass than 6,00 ohm, 0,2 ohm, and
2 ohms, respactivaly,

VOLTRLITR VOLTMETLR
oane ko
INDICAYLS T INDICATES Ty
p ) D o9 0
POW R GUPFLY NECILLATOR
UNDER TESE & oo cp

Y S5

Ix s19 Nrp
w" —}' [2

Jd0 2HiM

Figure 6-9, Qutput linpadance, Test Betup

5-21 CONSTANT CURRENT TESTS

5-22 Load Requlation, To chack the constant cur-
rant load regulation, procaed as follows:

n, Connect test setup as shown in Tlgure 5-4,
b, ‘Turn VOLTAGE cantrol(s) fully clockwise,

6-6

g, Sot METER switeh to highagt currapt rangn
apd turn on aupply,

d, Adjust CURRENT control uniil front panel
metor rads axactly the maximun rated autput cir-
rnt,

0, Rand and racord voltage Indicnlad on dif-
farantial voltmater,

f, Short out load resistor (Ry) hy alasing
swlich B1,

g, Neading on diffarential voltinater should
not vary from raading meordad Iy step e by more
than the followingt
Maodal No, GINIA GROAN G20BA G204A 6200A
Varlation {(mvde) 0,160 0,153 40,266 +0,350 40,433

5-23 Lipo Requlation, To chack the line ragulation

procead an followss

a, Ulilize tasl selup shown In Piguno 5-4
leaving switch 51 opep throughout last,

b, Gannact varlable auto transfarmer betwean,
input powor sourca and powar supply pawar inpit,

¢, Adjust auta transformar for 106 VAC Input,

d, ‘Turn VOLTAGE control(s) fully clockwisa,

o, Sat METER switch to highast currant range
and wrn on supply,

f, Adjust CURRENT controls until front panel
matey reads exactly the maximum rated output cur-
rant,

g, Rend and record voltage Indleatad on dif-
farential voltmeter,

h, Adjust variabla auto transformer for 126
VAG Inpul,

},  Raading on differential voltmeter should
hot vary from reading recorded n stap g hy more
than the lollowing:

Model No, 6200A G204A H209A G294A G299A
Variation (mvdc) %0,150 20,183 0,265 40,350 £0,43])

5-24 Ripple and Nojse, To chack the ripple and

noise, procoed as follows:

a, Use et satup shown in Pigure 5-1, ox-
capt connect AG voltmaeter acroses sampling resistor
instead of Jdiflerontinl vallmeter,

b, Rotate VOLTAGE control{s) fully clockwise,

e, Bot METER switeh to highast currant range
and turn on supply,

d, Adjust CURRENT controls until front panel
meter indicates exactly the maximum roted output
current,

¢, Turp range nwitch oh AG volimeter to 1 my
position,

{, Tha AG voltmetor should read an follows:
Mode} No, __ G2BIA G6204A G62B9A 6294A 6299A
fleading (mvac) 0,80  @¢,66 0,33 0,60 0,665



il

6-26 IROUNLEBIOOTING

6=26 Componapts within aw st ~Packard powny
supplios am copservativaly aparstod 1o proviig
maximum rellability, In spite of this, parts within
i supply may fall,  Usually e tnstrument must Ix
immudiately rapatmd with o minimum of “down timeg?
mid o systematic approach as outlined in suguaning
paragraphs can greatly simphify and spand up the
nepnir,

5-27 TROUNLE ANALYSIS

5=28 Ganaral,. Befom atlempling to trouble shoot
this Instrumont, ansure that the fault is with the
Instrumant and not with an nssocinted ciroult, The
parformance teut {Paragraph 6~10) epablaes this 1o
be detarmined without having to ramova the Instr-
mant from the cabinol,

6-29 Oneco il 18 datermined that the power supply
bs ot fault, chaeck for obvicus roubles such as opah
fuse, a dofactive powor cabls, or ap input power
{allupe, Noxt, remove the top and botton covers
(each hald by four retalning werews) and tnapact for
apen connactions, charrad compannnts, ele, If the
troubiz source cannot be dotectad by visual inspea-
tion, follow the detalled procedure outlined in suc-
ceading paragraphs, Oneo the dofective gompangint
has bean logatad (by means of visual Inspaction oy
trouble analyais) correct {t and re~conduct the nor-
farmance tast, I a component Is replaced, mfor 1o
the rapair and replacament and adjustment and eall-
bration parographs §n this section,

-6-30 A good undarstanding of the principles of op-

aration Is a helpful ald tn troubleshooting, and it Iy
recommendad that the reader review Section IV of
the manual before attempting o troubleshoot the
unit in detail, Once the principles of oparation ape
uhderstood, lagical application of this knowladgo
used In conjunction with the normal vollaga

rodings shown on the schamatie and the additiopa)
progaduras givan in U follawing pacagraphs shonhl
suffice lo,luolale o foult 1o o companant or small
gronp of componmits,  The nomal volingos shown
an thy schamntie o postionn adjacant tn the
applieable test paints {idontifiod by encirelnd poam-
bhars up the sehamatie and printad Wirlng haards),
Mdditional tast procodupes that will ald In 1solating
troubles ape as followst

f, Rafuranen etreult chack (Parngraph 5-332),
This elreuit providas eritieal oparating vallagan for
the supply and faults in the elrenit eould affnct tha
averall aparation in many ways,

h, Ieedback loop chacks (ParaGraph 5-33),

¢, Procodunes far dealing with comimon
traubles {Paragraph 5-14),

6-31 The test points referred to throughout the fol-
lowing procedums are identified op the sehemalic
diagram by encireled numbars,

5~32 Relarancn Qlreult,

3, Make an olimmeler chack 1o be caortain
that pelthar the poritive nor nagative ountput tnrmi-
nal 18 graundad,

b, Tum [rant-panel VOLTAGE and GURRLNT
controls fully elockwlse (maximur. ),

¢, Turn-on powar supply { ¢ load connecimd),

d,  Proceud as Instructed in Tablg w2,

|
5-30 Foadback Circujt, Goene -f'ly. maifunction of

the feedbaek clireutt 15 Indical by high or low out-
put voltages, If one of t' 450 - Wations occur, dig-
connect the load and procaod e Insintetad 1n

Thble 5-3 or Table 5-4, ‘

5-31 Common Troubles, Tal)e 6-5 listy the symp-
toms, chacks, and probable . a yues for common
troubles,

Table 5-2, Reference Circuit Troubleshootiny

Blep b’:;::;h P:fs(;:‘:\:a 'nbfﬁ:::;lon I Indication Abnarmal, Tasn This Action
I\ S 33 6, 2 & 0, 3vde Check 12, 4 voll blas or YR
2 kY| +B 6, 2 + 0, Ivde Check 12, 4 volt blas or YR2
3 +8 37 12,4 &1, Oyde Check QB, Q9, GR22, CR23, cly, 7

5-7



Tabin 6=,

High Quipul Yoltage Troublnshouting

Blap Maatinm Reaponsn Prabable Coung
1 Voltagrs hatwaan Hoamd Ab, | OV to 10, BY A, Opan steap hatwenn A7 ol AlL,
h, 1) open,
Muorr negative than 04 Pracand to Bp J,
) Valtage hatwaan #5 and 12, | Laus positiva thap +2,5Y | 4, Q1A shortmd,
b, QI opey,
e, 13 npon,
F2,5V 1o 13,0V Procnml to Ginp 1,
K| Voltagn hetwann 15 and 19, | Morn positiva than =029 | a, Q3 nhortd,
h, Ch shortad,
Morn nagative than =0, 2Y | Prormed ta Siap 4,
1 Valtage hatwann 22 and 23, | 0V or nagatiyn a, Q6 or Q7 shortnil,
b, CiII shortad,
Mo ponitive than Oy a, Q4 or Q5 apan,
b, R34 ar RIB nhorted or low
mgintanagn,
Table 5=4, Low Ouipul Yoltage Troubleshooting
Btap Maasum Renpannne Probabln Coung
Y Heable Q2 by dipcan- Normal Quipul Voltagn a,  Constant eurrant elreuit Ly,
nacting CRA, choeek Gty Q20 aprd RIG
for short
b, Q2B vpan,
Law output voltangne econpeet GRY aml procaml 1o
Stap 2,
2 Voltngae between 158 and A6, | More negative than Y a,  Upan strap Ab - A7,
OV 1o H)LBY ", Chuch R110,CY, or G2 for shart,
h, Proca] 1o Btap 3,
3 Voltage hatwann +8 and 12, | More ponitive than +3,8Y | o, QLA vpan,
b, QLB or Y nhorted,
+2,5V to +3,0V Procand ta Sinp 4,
4 Vollage hatwann +5 and 18, | More negative than ~0,2V | 2, Q3 tpon,
b, R33 shortnd or low,
Maro posiive than -0,2V | 2, Q5 shortuid,
b, Procacd to Step 5,
b Voltage betwaen 22 and 23, | More negative 3w v 3, R34 opon,

More positive than OV

b, Q4 nhorted,
4, Q6 or Q7 opnn,

5-8




Tahle =6, Common Troublan

Bymptam Probinhle Caunn
High Rippla n, Choek gperating smup for ground Jaopa,
By I output finating, econnaat Ipf capanitar hetwaep output ond
yrovnd,
g, Lnoure that supply 18 not crasalng over tn eanstapt eorrnmt
motde wder 1oadind gonditions, Chack for Inw vallage aeroan
Cl4 or 06,
Poar e ragulation 0, Chnek roference cireuit (Poragraph 5-32),
B, Chuek )eranee ejreult adjustment (Paragraph 6-61),
Poor lond reguiation a, Improper mensuring tachniquey rafor Lo Papagraph 5-16,
(Copstant Voltane) b, Chock the ragulotion characteristics of Zener siodn VR1 an
' fullowst
{1} Cannnet differentinl voltmeler across YR1
{2) Cannaet appropriate Inad rasiator (fy), alvan in Pigurae =4,
avcross () and (=) output terminale
{3) Perform stopu b through { of Paragraph 5~32
{4) 1t the ditferentinl voltimntar reading varing by morn than
0,6mV, replicn YR,
¢, Lnsura that supply 18 not qoing into currant Hmit, Cheek
capstant eurrant input elrcudl,
Pacr land pagulat, n n, Improper meaauring techplque refor Ly Paragraph 5-16,
(Constant Current) b, Chaak the reguiation characteristics of Zoper diode VIR2 as
follown
{1) Connect differentind voltmeter across VR2
{2) Connect appropriate load resistor Ny) given in Pigure b-4,
acrass (+) apd {=) output terminals
{3) Perform steps b through [ of Paragraph 5-51
(1) I the differaptia) voltmeter reading viries by mare thap
150V, replace VR2,
e, Check clamp clrcuit Q10, CRIN, CRIL apd CRIZ,
d,  Lhsura that supply 16 not cronglng ovar to copstant voltagn
aperation, Check canatant voltmge inpul elreuit,
Qsclllates {Canstant Yoltage / a, GCheek 5 for open, adjustment af R (Paragraph 5-53),
Copatant Current) b, Cheeck R20, C3 {p constant current Input eircult,
Poor stabliity {Constant Voltage) 0, Cheok 6,2Vde reference voltagas (Parngeaph 5-32),
b, Nolay programming resistor R10,
e, CRIl, CR2Z leaky.
d, Check R}, R12, R)13, CZ for noise or drilt,
e, BOtage QI defective,
Pocr stabllity [Constant Currest) a, Check +6.2Vde reference voltages (Paragraph 5-32),
b, Nolsy programming resistor R16.
c, CRS, CRM, C20, TI leaky,
d, Chack RI, R19, R20, N21, M54, for noine or drift,
e, Gtage Q2 defective,

5~
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5-35 RLPAIR AND REPLAGEMENT. the apnoisl characiariatiea of aelectad anmiconduo-

torn, N the davies 10 he replacnd is not fisted in
h=36 Bofora sorvieing o printod wirkng boapd, rfor Table B=h, the standapd manfaaturars part numhar

in Plgura §-10, Hectiop V) of this maaunl coptaing Hatnd in Baction VI is spphicable, Aty replacing
n St of raplaanabln parte, Nelopn mploning o semi= o snmieonduntar daviea, refor 1o Talle §-7 for
copductor duvice, refap ta Tasin 5-6 which Jiata chacka and adjustinents thet may be nneeanary,

Excennlve hoat ur pressure can JHt the copper atrip from the hoard, Avold damage by uslng a ]
low power noldering iron {50 watts maximum) and following thene Instrictions, Copper ihat Jifin
off the board mhould be cemented in place with n quick drylng acelate bane cemnnt having good
electricnl insulating properiies,

" A brask in the copper should be repajred by soldering a shorl length of Unned ropper wire
acrosa the break,

Une only high nualily roain core salder when repairing etched circslt hoards, NEVER USE
PASTE FLUX, After noldering, cloan olf apy excens flux and coat the repalred nrea with a
high quality electrical varnish nr lacquer,

Whan replacing componeniswith multiple mounting pins suchag fube sockets, electrolytie capa-
¢itors, and potentiomelers, It will he necessary to B each pin slightly, working around the
components severzl times unlil it 8 ree,

WARNING: If the apecifle instroclions outlined inthe nteps below regarding etched eircuithoards
without eyelets are not followed, extensive damage to the eiched elreult board will reault,

1, Apply heat sparingly to lead of component 2, Reheat aolder invacant eyeletand qulckly

lobe replaced, If lead of component paases insert n small awlto elean inside of licle,
through an eyelot If hole does
in the cireuit not have an
board, apply eyclet, in-
heal on com- sert awl or

CONDUCTYOR
GIDE

"*-’f

ponent side a 157 dril}
of board, I { from con~
lead of com~ ** ductor side
ponent doen of board,
not pass through an

cyelet, apply heat to conduclor slde of board, 4, Hold partagainst board (avold overheating)
and golder lends,
3, Bend clean tinned lead on new part and Apply heat to compo-
carefully insert nent leads cn correct
through eyclats or side of bhoard
holes in board, as axplained
: nuozonpsears) in wep 1, e

In the eventihat eltherthe circull boardhas been damaged orihie conventional method §a Imprac-
lcal, use maethod shown below. Thisls especinlly upplicablefor circuil boards without eyelats,

1, Clip lead as phown below, 2, Bend protruding leads vpward, Bepnd lead
of new  APPLY

CLIP component SOLDER
HERE around pro-
truding lead,

Apply solder

using a pair

of long noae pliers as 4 heat sink,

------ i FIEBRPEERRIIIRIIENRS MeveRE

This precedure Is used in the fiela only as an alternate means of repair, It Is not used within
the factory,

Figuare 5=-10, Bervicing Printed Wiring Roardas
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Tobin B=f, fAelncted Gomlconductor Charaatarlstios .ﬁ

tforeng ; fu atod H
Sﬂ:l;l\lr‘ﬂ:r Charaatnrintina b Part No, ﬂnplr’:?:nm':nt g

i

N2 Mateiad diftnrantial amplifine, NPN 10540221 N7 G i
Bl planar, 70 miny) hyy e = ImA,

Yok s Y Teo 0,000 68 Veho = 5Y, f

‘ I

06, 7{16) HPH Pawer, hpp =35 imin,) 66 law 4A, | 1R54=0225 ZMINGR LA, I
V(’”:" "V) [

CRI=B, 19, 041L,30,32, 16 Bi. reatifier, 260mA 200pry 1ni-ani INEIAR fivlvania [
Che, 7,11 fify dioelo, 2,4V 62 100mA NIRRT ENARID L E, !
CRB=10,12~-15,17,21-24 Ak, pactifine, 500mA, 200pry 1-na1n INIZSY R, A, ’
'

)

Table 57, cChacka and Adjuatmepts Mier Replacomant of Gomlcanduetor Devicns ;

Rofnronen Firnetion Chark Abjunt

(8} Canatant »woltage difforentinl amplifier Capatant voltage (€Y} RA6 or MY
line and |nad re.ulatian,
Znpn ualt nitput,

0 Canatant curpant difforantiai amplifier Canntant eurpent (€10)) 2% or {2
Pine aned 1oad pegulation,
Arre walt autpnt,

1)) Mixor amplifiar CV/CC Laad pegulation, [in
N tranaient ruapor an,

0O, 05,016 Ervar ampiifiars and driver VA aad pogulation,

06,07 Berins rogulator Ve baad pamulatjon,

il )3 Reforenen pagulator Reforenee ejrcuft Hine (BT
ragutation,

ally} Clamp cireuit 2 e pagulatiaon,

0 1=-015 Mater clreuit Meter 2rro. Voltmoter/ 1hLR7 )56
armeter trarking.

GRI, CR2 Limitlng djodes Y Ioad ragqulation,

CRY, CRY, CRS

GR=gate thaded and imiting diode

A0 faad requlation,

CRR-CRIN, Farward blas requlator Yelbago aerass mieh

CRI2-CR1S, : dicrle 1.6 3 4,40 unlts,

CR21

CRI}-CRDT Ractifyar diodan Valtibge acpaan ippra-
prigte Hiter capacitog,

CR Prateation diode Etput yaltage

5-11
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Tahle =7, Chacks and Adjustments Alter Paplacement of Semiconductar nvicas (Continund)

Iinfnmncn runation O hnck el juat
YR Pasitive teferepen voltagy Positive rnfarence volt-
aqn v6.2Y),
it MNeqatlvae refopence voltaan Nngative refnrence
,voltage (-6.2Y),

Tl‘hlﬁ he-r

salikratinn Adjustmont Sumriar

Mjustmant ar Callbration ' Paraagragph Cantrol [nvuicn
Matnr Zarn 5-11 Pointar
Unltmatar Tracking t 5ol i R65 ot R72
Amnintar Trach,. ! =43 56
Yaara™ Yalt Output edh Rf ar RA
"Ynltagae" Programming Cuerant 5=47 L3
"Zamn" Current Output =40 R2% or R2R
"Cuprant” Proqramming Guirent H=510 r1g
Mfarnncn Circuit Linn Yaltage Adjustmant =52 RAH
Transient Response . 4=%1 frdin)

517 ADTUAIMINE A0 _CALIRRATION

=18 Adjusterent and calibration may he requaired
ey parformanace teslng, trovbleshanting, or repae
and replacrment, Poploem anly thatse adjustmants
that affect the aperation of the flty ciecult and nn
athers, Table 3-8 summarizes the adjustniznts and
calibeations cantained s the following paragraphs,

5-31 METLR AERO)

L4 Pracend an fallaws to 2ara meter;

J, Turn off instrument after it has reacherd
normal aperating tomperatare) and allaw 10 senaneds
for all wipacitars to discharge,

h, [Insert sharp pointed abjeat {pen point or
awl) Into the small indentatian rear top af roupd
black plastic diac Jacated dieectly bielow meter face,

¢, Ratate plastic dide clackwise {ow) until
pantop reads zopa, then ratate cow slophtly is order
to fron adjustrent gcrew fram meter suspenston, If
pointer mavaes, repeat steps band o,

=41 VOLTMETIR TRACKENG

S0 T cablbrate waltmeter tracking, procecd an

fottaws:

4, Ta elnctrically 2oro nvter, et METER
switch to higheast current pasftion and, with supply
an apd no lodd eannnated, adjust R63 until front
prane ] meter reads zoro,

b, Caonnect diffcrential voltmrter werons sup-
ply, ~haarving carrect polarity,

1, Het METER awitrch to highest valtage range
and turn an supply, Adjust YOLTAGE canteal until
differentiol valtmaeter reads emctly the maximum
pated autput waltage,

oy Adjust R722 until front ponel motar also in-
dicates maximum rated gutput voltage,

S=83 AMAMITTI TRACKING

f=dd o calibrate ammeter tracking pracecd ag
fallows:

N, Cannent tost setap shown an Figure 9-4,
leavipa seiteh 51 apen,

B, Turn YOLTAGE control fully clackwiney aned
ant METER switeh to highest curpent ranae,

< Puen an supply and adjust GURY NT can-
trols until diffeeentio] waltater reads 1o,

4, Adjust R until frant panel meter ik
cated exactly the maximum rated aatput curprnt,

I IO N T AT MR A R A




G045 CONSTANT VOLTAGE PROGRAMMING GURRENT
5«46 To cabibrate tha 2aro yolt programming aecy -
racy, pracemi an [ollnwa:

a, Cophact diffaraptial voltmatar Latwaan +h
and =3 pormipals,

b, Shoart nut yoltaga cantrols By ecannnet)ng
jmpar batwann tarminals AS and <5

n, Rotate CURRENT contrals fuily elocke o
aned turn on supply, ‘

d, Ohaarvn rrading on diffamatial voltanter,

n, Tt in mara postem than 8 yolts, shant
reaistor b with dacarde pegistuncn Lnw,

{, Adjust decade rasintanea anti differential
voltmatar prads 2apn, then shunt 6 owith resatannn
value ngual ta that of tha docade e srstanca,

i, I prading of stap dia mary angateer thon
N volta, shunt rasiator R with e docadn poast-
anesd hox,

“h, Adjust decade pestitanes aanl diffaron .
tinl yoltmtey prads zopa tinp shant 8 whith respat-
anen valun equal o that of tie deeagde boy,

=47 To ralibrats the canatant waltagn proqramming
currant, pracand ag ollows;

a, Capnactat Y, L watt gosistor batwann
tarminals =3 and Ab op rrar barrier fstnp,  Resistor
walua'to be as followss
Moded Ha,. 62804 BAR4A 6L B2MA - AL2TIA
Rasistancs 1,9, 4Ra 19N 18Kn 1A

b, Dhscannect Jumper latwaon A7 and Al

{E2autng A% and A7 juaipemd) an rear terminal bar-
rine Atrip,

., Connnct afacada pesiatanes in place of
Y3
d, Connect o Siffareatial waltmater batween

25 and =5 and tarn an supply,

o, Aflust decade respatance box so that dif-
farontial valtmater indicates minamunt ratad output
valtaga witntn the [ollowing obrancosy
Madel o, G28VA 02344 28 L2HA p2ITA
Tolaranca 042 3,15 2,4 10,4 k1,2 kA0

£, Faplaca decade eesistanea with resistor
of appronriat walue 1n 311 gositicin,

A=di CONGTANT CUGRENT PROGRAMMING
CURRENT

G-40 To calinrata the zaro current programming
accuracy procacd as fallows:

0, Connnct diffarantial voltmaetor betwann e 5
and =3 torminals,

b, Shkort out current conteals by carnacting
jumper batwaan termbasls Al and A5,
c, Rotate VOLTAGE controal(s) fully clork-
wiga apd tues on rupply,

d, Ohsarye raading nn differontial yoltmeter,

e, IFat s mare pasitive Yoan ) vofts, shunt

ragistar 125 wWith A dacade phsistanea oy,

f,  Adjunt fecade s pmintanen aphl diffarential
voltmeray reads po, thap siant 125 WL rodjat-
anee vatun agual ta thal of deenre pdlatanen,

i, 0 trading of alap o bs morn nngatian Hen
B ovnlts, shunt maistar 2R with daearde maiatanra,

h, Adjust dacade rasistanes untid diffapantinl
nltmatar raads 2 wa, then shunt R with pesjstannn
walua aqual 1o that of dacada bow,

i
=50 Ta cabibrata the eanetant current pronramming
curmnt, procmtd as (allova

dy ot pewer supply as shown In lqure 54
b, rmavae steap batwann A3 aned A llenving
A and A% Jumpnpad),
e, Gonnect o 0,17, 3 watt maistar hatwanp
Al and A5, Residtar wal 0 to ba ag Mablesva;

Mode) Mo, 62814 G2PAA 62818 G294 62PN
Hngtatane n 1Ka FoaKa 700, J K 10,

o,
af {19,

o, bat METER awiteh to inghast eurrant range
and turn on supply,

f,  Adust the docade fedpstapen 5o that thn
diffarontial valtmner indicatng §, 0 F G, 62 Ve,

s, Raplase docads resistanea with appro-
priote walue pasiitar on [ posinen,

Sonnntet dacada rasistanga Loy i placn

fi=51

REFEREMCE CIRGUMT ADJUSTMENTS
5=92 Lane! Reguiation,. Voeadiest the 1o pajulation
capahiliting of the watrument peocaad ag followd;

g, Connact the diffarential voltmnter bolwaan
£3 (commion) and 33 (pasitia),

b, Cannect variable yoltage teansforner boe-
twaan supply gl iput pownr naures,

e, Addjust Hioe ta 109 YACG,

d. Conmct dacade reaistanee (o place of 46,

a2, Turn an supply and adjust VOLRTAGE ¢ -
trol(3) for maximum rated autput voltags,

[, sdjunt decade rosistance o that wdtagn
indicatad by differential yoluetay daes it chamm
mara than the followmg a6 mput Hne yoltage {o
vartnd trom 1105 1o 129 YAG:

Model Mo, _ 62B1A B2R3A 82090\ 6)04A 62994
Vargiation (myde) 1,08 0006 0,006 0,750 0,70]
2, Replaca ddneade rasistanes with 3, Lo-

priate value marstor i RI6 poaibion,
553 CONSTANT YOLTAGE TRANSIENT RESPONSE

04 To adjust the transiant rspanae, proeaed ag
follow::

A, Canneet test gatupas sdows it Flgare 5-7,

b, Hepeat atepaa through e s autline 1 n
Paragraphk %=1,

o, st B30 so that the transiant responan
15 1 nhawn in Fpjum 5-4,
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SECTION VI
REPLACEABLE PARTS

INTRODUCTION

6-2 This seation containg information for ordarlrg
raplagement parts, Tahle 6=4 uts parts n aipha-
numerle order by rnforence designators and providys
the (ollowing informatlont

3, Refarance Deslgnators, Refer o Table 6-1,

b, Peseriphion, Refer to Table 6-2 for ab-
broviations,

¢, Total Quantity {TQ), Given oniy the first
tima the part number is listad excapt In Instruments
gontaining many sub=madular assemblios, i which
cozng the TQ appears the [irst time the part number
is lsted Ln gach asgambly,

d, Manufactorer's Part Numbar or Type,

a, Manufacturer's Fedaral Supply Code Nume
bar, Refer to Toble 6-3 for manufacturer's name and
address,

, Howlett-Packard Port Number,

g, Racommended Epore Parts Quantity (15)
for complate malnenance of ane Instrument during
ona yesr f Isolated service,

; b, Parts 1 ot Kdentifjed by a 12ferance desig=-
nator are lstnd at the end of Toble t~4 under Me-
chanfanl and/or Migcelloneous, The former conslsts

G-l

“of parts belonging to and grovped by Individual ot -

semblies} the latter conslsts of all parts ne* “a-
madiaicly associstad with on assembly,

6-3 ORDERING INFORMATION

G-4 To order o replacement part, address order or
inguiry to your local Howlett~Packard sales offlce
(gce lists at rear of this manual for addresses),
Specify the following Information for each partt
Mode), complete sorial number, and any Optlan or
spaecial nodification () numbers of the Instrument;
Hewlatt-Packard part number; circult reference des-~
ignator; and descripiicn, 'To order o part hat listed
In Table 6-4, give a complete description of the

~ part, its function, and its location,

Table 6~-1, Reference Deslgnators
h & agsembly L = miscellancous
B = blower {fan) eiectronlc part
C e capacitor r = fuse
GB  n clrcult breaker | T = jnck, jumper
CR = diode K e relay
D5 = device, signal- | L = fnductor

{ng (lamp) M = meter

SRS I R NN LD it o | | 1] il

Table G=}, Reforance Doslgnators {Continiaed)

ol

P e plug v s \Vacuum tube,
Q e transistor neon bully,
I & rasistor photacell, ele,
5 v Bwiteh VR = znner diode
T a transformar b4 a sookel
B = lermipal block | 2 = Integraled gir-
TS = thopmal switeh cull or netwark
Table 6-2, Deacription Abbreviations
A = ampaty e = manufacturer
ac = allernating mod, = modular or
current modifjed
aasy, = assembly mig = mounting
bd = board n = nano = 1079
bkt = brocket NG =« narmally closed
0C = degree NO = pormally open
Cantlgrade NP = nlckel=ploted
cd = cord e ohm
-3

coef = coelficient
comp = composition

CRT

cT
de

e cathode-ray
tube

s canter-tapped

= direct current

DPDT = double pole,

double throw

'DOST = double pele,

single throw

elect = electrolytic
cheap = enctapsulated

P
oy

fxd
Ge
31
He
IC

ID

e farad

e degrec
Farnnhelt

fixed
garmanium
Henry

Hortz
imegrated
circuft

e [nside dlameler

LUt S I ]

thend = Incandescent

k

m

M

m
met,

= kilo = 103

= millL = 10-3
= mega = 100
= micro = 10~0
= matal

n
ol ordar by
deseription
o = outside

diamater

(2 g pico e 1g=12
P, G, = printed clreunit
pot, = potentiometer
pep = penk-to-poak
ppm = parts por

milon

pvr = peak rovarie
voltage

rect = recliflor

ymE = root mean
square

Sk e sillcon

SPDT = single pole,
double throw

SPST = single pole,
gingle throw

SS = smal} slgnal

T e slow=blow

tan, = tantulum

T1 = titanium

v e voit

var = variabln

ww = Wirewound

W e Watt

LR 1
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Tabhle ‘3"3»

Cada List of Mnnuiauctuyors

aon. cone ;
NG, | MANUFAGTURER ADDRESS NO, | MANUFACTURER ADDRLKS
00H20 | S Salos Go,, Ine, Jamalen, N, Y, 07138 | Weatinghousne Klaciplc Corp,
00656 | Anravox Gopp, New ladford, Moss, Deciranie Tuke DIy, Elmira, N, Y,
QON63 | Bangamu Lincirle Gu, 07263 | Falrehild Comara and Distroment
5, Carolins Div, Plekann, §,C GCurp, Sambconduetar DIy,
aL121 [Allen radiey Co, MUwaukae, Wis, Muountain View, Collt,
01266 | Litton Industring, Inc, 07387 | Birteher Corp,., The 104 Mgeles, Callf,
i Bevearly s, Calif, 07357 | Sylvania Llnetrle Prod, e,
01201 | TRW Semiconductors, Ine, Sylvania Elactronlc Systoms
Lnwndale, Calif, Wastern Diy, Mountaln View, Calif,
012495 | Taxas Inslrumonts, ne, Q7716 | IRC Div, of TRW Ine, Nurlington Plany
Eomiconducior=-Componnnts DLy, turlingion, lowa
Dallng), Taxns 67010 | Continental Device Com,
0la06 | RCYL Blectrontes, Inc,  Manchasinr, N, 1, lawtliorne, Calif,
01830 } Amerock Carp, Rockfard, I, 07433 | Rnythoan Co, Components Div,
#2107 | Sparta Mig, Cn, Dovar, Qhle Semlconductar Operation
02114 | Farroxcube Corp, Saugartinsg, MY, Mountalh View, Gallf,
02606 | Fanwal Laborntorles Morten Grove, I, 08404 | hmoge Corporations, Ine, Unlon, N, 7T,
02660 | Amphenol Corp, Froadview, I, 48530 | Rellance Mica Corp, Drooklyn, N.Y,
02735 |Radio Corp, of Amerien, Solid Blatn 08717 | Sloan Company, The Sun Valley, calll,
and Recelving Tube Div, Somerville, N,J, 08730 | Yemaline Products Co, Ine, Wyckofl, N, ],
03508 |G, L, Semlicomductar Praducts Dapt, 08806 | General Clect, Co, Minia-
Syracuue, N, Y. ture Lamp Rept, Claveland, Ohlo
03797 Eldema Comp, Campton, Galil, 00B63 | Nylomatic Cam, Norrisville, Pa,
03877 | Transitron Lleetronle Corp, 08019 | RCH Supply Co, Varnan, Gallf,
Wakoelteld, Mass, 09021 | Alrco Spurer Electronic Caomponents !
a3nun 1 Pyrofilm Resistor Co, Inc, ; Pradford, Pa,
Cadnr Knolls, N, ], 00042 | *Hewlott-Packard Ta, New Jnraey DIy,
04008 [ Arrow, liant and legaman Eleetric Co, _ Rockowny, N.J.
Hartford, Conn, 09213 | General lllect, Co, Semlcondvctor
04072 {ADC Llectronles, Ine,  Warbor City, Calil, Prad, Laept, Nuflalo, N, Y,
04213 | Caddell & lums Mig, Go, Incg, 09214 [ General Klect, Co, Samiconductor
Mineoln, N,Y, Prad, Dapt, huburn, N, Y,
G404 | *lewlett-Packard Co, Palo Alto DLy, 09353 |C & K Components Ine, Newton, Mosa,
Palo Ao, Calif, 08922 | Burndy Corp, Norwalk, Conn,
¢4713 | Motorola Semlcanductor Prad, Ine, 11115 | Wagner Vlectrlc Corp,
Phoenix, Arizonn Tung=-5al My, Bloamfield, N, |,
05277 | Westinghouse Elecirie Carp, 11236 | CTS of emo, Inc, Repne, Ihd,
Samlconduetor Lapt, Youngwooed, P, 11237 |Chicago Telophone of Cal, Ine,
05347 | Ultronix, Iie, Grand Junction, Colo, Ba, "asadena, Calif,
05620 | Wnkeliald Engr, Ine, Wakefleld, Mass, 11692 [IRC Div, of TRW Ine, Beone Plant
06001 | Ganeral Elect, Co, Llectronic Boone, N, G,
Capacltor & Batiery Dept, Irmo, 5,C, 11711 | General Ingtrumant Corp
06004 [Rassik Dlv, Stowart-Warner Corp, Rectifler Div, Newark, N, 1.
Bridgeport, Conn, 12136 | Phitladelphia llamtle Co, Inc,
G406 |IRC DIy, of TRW Ine, Camden, N,J,
Semiconductor Plant Lynn, Mass, 126)5 |U, 5, Terminals, Inc, Cincinnati, QOhlo
06540 [Amntom Licetronie 1ardware Co, Inc, 12017 | Damlin Ine, Lake Mills, Wisconsin
Now Rochelle, N, Y, 12697 | Clarostat Mlg, Cu, Inc, Dover, N H,
06555 |Beade Electrical Instrumont Co, 13103 [ Thermalloy Co, Jalas, Texan
Penncoaok, N, I, 14493 | *Hewlett-Packard Co, Loveland Diy,
06666 |General Devices Co, Inc, loveland, Colo,
Indianopolis, Ind, 14656 [Cornell-Dubiller Electronics Div,
06751 |Semcor Div, Cowponents, Inc, Fedueral Pacific Electric Co,
! Phuenix, Arizona Newark, N,J,
06776 (Robinson Nugent, Inc,  New Albany, Ind, 14936 | General Instrument Corp, Semfcon=
06812 |Torrington MIg, Co,, West Div, ductor Prod, Group Hicksvllle, N, Y.
; Van Nuys, Calif, 15801 | Fenwal Elect, Irominghnm, Mass,
47137 |Transistor Electronics Com, 16299 |Corning Glass Works, Electronic
Minneapolis, Minn, Components Dly, Raleigh, N, C,

*Use Gode 20440 nssigned to lewlatt=Packard Co,, Palo Alte, California

6-2

LI Tk o i

LR



Table 6=3, Gode List of Manufaciurers (Continued)

con
NO,

MANUFAGTURER ADDRLSS

aonn
NO,

MANUFAGTURER ADINESS

16760
17616
17602

17870

10324
19315

10701
21520
22228
22763
23036

24446
24455

24655
- 2460}

26902
27014

20480
26520
20875

31514

31827
dN73
35434
37942

42180
43334

- 14655
46384

47804
49956
56026

56269
) 50474
’ 500485

" 549730
61637
63743

Dalca Radio 1y, of Ganeral Motors Corp,
Rokamn, Ind,
Atlaptle Semiconduciors, Ine,
Ashury Park, N, 7,
Falrehild Gamarn amd Instrumont Carp
Samlconduator DIy, Transduear Plant
Mountain View, Qalil,
Daven Div, Thomas A, Ldlson Industrins
McGraw=I'dlson Qo, Orange, N, J,
Blghatlcs Corp, Sunnyvale, Gallf,
Rendix Corp, The Navigation and
Gontrol Niv, Tatarboro, N, ],
Llastra/Midland Gorp,
Mineral Walls, Texns
Fanstea) Motnllurgica) Carp,
No, Chicago, Il1,
Unlon Garhide Qarp, Electronles Div,
Mountnin View, Calil,
UID §ectronles Com, Hollywood, Pla,
Pamator, Ine, Pampo, Texos
Ganernl Electtle Co,  Schencctady, N, Y,
Gaonarnal Lleetrle Co, Lamp BIv, of Gan-
sumer Prod, Group
Nela Park, Claveland, Ohlo
Gepernl Radio Co, West Concord, Mass,
LTV Elactrosystams Ine Memecor/Com-
ponents Qpaerations Huntington, Ind,
Dynacool Mfy, Co, Jnc, Baugerties, N,Y,
National Semiconductor Gomp,
Santa Clara, Calif,
Palo Alto, Calil,
Renilworth, N.,7J,

Hewlelt=Packard Qo,

Heyman Mig, Co,

IMC Magnetlcs Carp,
Naw [Tampehire Diy, lochester, N, H,

BAL Advance Packaging, Inc,

Banta Ana, Calif,
Ramona, Gallf,
Owensboro, Ry,

Chicnga, I,

Budwiy Mlg, Co,
G, L., Co, Tube Dapt,
Lectrahm, Ing,
PR, Mallory & Co, Inc,
Indlanapolts, Ind,
Muter Co, Chicago, I,
New Departure-Hyalt Bearings Div,
General Malors Corp,  Sondusky, Ohlo
Ohmnite Manufaciuring Co, skokle, I,
Penn Engr, and Mlg, Comp,
Doylestown, Pa,
Polarold Corp, Combridge, Mass,
Raytheon Co, Laxington, Maes,
Simpson Electric Co, Div, of American
Gagn and Machine Co, Chicago, IlI,
Sprague Lleetrle Go, North Adams, Mass,
Buperior Eleciric Co, Oristol, Conn,
Syntron DIy, of I'MC Corp,
Homer Clty, Pa,
Phlladelphis, Pa,
New York, N. Y,

Thomas and Batis Co,

Untlon Carbide Corp,

Ward Leanard Electric Co,
Mt. Vemon, N.Y,

70563
70001
70803
71218
7121

71400

71460
7ii68

715680
tARA

Av
11744

7178%

71004
72136

72619
72089
72763
72862

72082
73086
713138

73168
73283

73445
73506

73569
73734

74183
74545
74860

74970
75042
75103

76376
75302
75916
7636)

76385
76497

76493

Muparite Co, Inec, Uniep Gy, N,
Beainar Engrg, Co,  Fort Washingtan, Pa,
lleldan Qom, Chienge, I,
Nud Radio, Ing, Willaughby, tihlo
Qambriige Thermlonle Gorp, '
Cambridga, Me s,
ugsmonn Mg, Div, of McGraw §

Edisan Qo, 1 Loul”p Mo,
CTs Gorp, Eikhort, Ind,
ILT. T, Cannon Electrle Ine,

los Angalas, Galll,
Glohe=-Unlon Inc,

Cantralab D1y, Milwaukee, Wis,
General Qable Corp, Cornish

Wire Co, Dlv, Willinmstown, Mass,
Catlo Qull Co, Inc, Pravidance, 1,1,
Thicago Mininlure Lamp Works

Chieago, 11,
Cinch Mfy, Co, and Howard

B, Jones Div, Chicage, Il
Dow Coming Gorp, Midland, Mich,
Electro Motlve Mfg, Co, Inc,
Willimantic, Conn,

Rrooklyn, N, Y,
General Instrument Carp,  Newark, N,J,
Drake Mig, Co, Harwoad Halghts, 11,
Elastic Stop Nut Div, of

Amerace Lana Carp, Unlon, N, ],
Erie Technologleal Praducts Ine, Lrie, P,
Hait Mlg, Co, Hartlfopd, Conn,
Beckman [nstruments Ine,

Hellpot Div, Fullerton, Calil,
Fenwal, Ine, Ashland, Mans,
Bughes Alrcraft Co, Llectron

Dynamics Dlv, Torrance, Calif,
Ampaerex Llectronle Corp,

Hicksville, N, Y,
Bradjey Semlconductor Cormp,
New Haven, Conn,
Corling Electrie, Inc, lHartford, Conn,
Fedoral Scroew Products, Inc,
Chleago, I,
Helnemann Elaciric Go, Trenton, N.],
Hubbell Harvey Inc, Bridgeport, Conn,
Amphenol Corp, Amphenol RF Dy,
Danhury, Conn,
E,F, Johnson Co, Waseca, Minn,
IRC Dlv, of TRW, Inc,  Philadelphls, fa.
*ltoward B, Jonas Div, of Clpch

Mg, Corp, New York, N.Y,
Kurz and Kasch, Inc. Dayton, Ohio
Kilka Elnctric Corp, Mt Vernon, N, Y,
Littlefuge, Inc, Des Plaines, LI,
Minnesaota Mining and Milg, Co,

5t, Paul, Minn,
Minar Rubber Co, Ine,  Dloomfleld, N, ],
James Millen Mfg, Co, Inc,
Malden, Mass,
Compton, Calif,

Dalight Com,

1. W, Miiler Co,

= *Use Code 71785 asglgned to Cinch Mfg, Co,, Chicago, Il




Table 6=,

GOl
NQ,

MANUPAGTURLR ADDRESE

76530
76864

77060

77127
77147
7722)

77252

!\
77342
77630

77764
78189

7H452
78480
78526

70553
76504
79136
79307
74727

7U9G3
8003}

80294
81042

B107%.
81483

B1751
B2009

82142

82219

62369
B2647

826866
82477
82683
83058
83186

83288
83330

B335
83501

Cinch Cily of Induntry, Callf,
Qak Mig, Co, DIy, of Oak
Elociro/Natlcs Corp,  Crystal Lake, D)),
Bendix Gomp,  Llectradynomles Div,
Nao, llollywaod, Callf,
Palnut Co, Mountalnside, N,J,
Potton-MaoGuyar Co, Providence, R, 1,
Phaostron Instrument and Llectronic Co,
South Pasadena, Calll,
Philadelphis Stenl and Wim Gorp,
Phlladelphin, Pa,
American Machine and Foundry Co,
Potter and lirumiiehd Div, Princetaon, Ind,
TRW Llectronie Components Div,
} Camdan, N.J,
Keaslstance Moduels Co,  Harrlshurg, Pa,
IHinols Toaol Works Inc, Shakeproof Div,
Elgin, T,
Lverlock Chicage, Ine, Chicaga, I,
Stackpole Carkop Co, 5Y, Marys, Pa,
Stanwyck Winding Div, San Fernando
Elaetric Miy, Co, Inc, Newburgh, N, Y,
Tinnarman Products, Ing, Cleveland, Ohlo
Stowart Stamping Gorp, Yonkars, N, Y,
Waldus Kohinaor, Ine, LLGC., N.Y.
Whitohead Matals Inc, New Yorit, N, Y,
Coantinental-Wirt Electtonics Gorp,
Philadelphia, Pa,
Ziartck Mlg, Co, Mt,- Klsco, N, Y,
Mepco Dlv, of Bessions Glock Co,
Morristown, N,J,
Boumns, Inc, Riverside, Calif,
Howord Indusiries DIy, of Msl Ind, Inc,
Racine, Wise,
Grayhill, Inc, La Grange, I,
International Rectifler Com,
Ll S2gundo, Callf,
Columhus Klectronles Corp, Yonkers, N, Y,
Goodyear Supdries & Mechanleal Co, Ine,
New York, N, Y,
Alrco Spear Electronle Componenits
Du Bols, Pa,
Sylvania Flecirie Products Tne,
Electronic Tube Div, Recelving
Tube Qperatlons Ewmporium, Pa,
swiltchcralt, Ine, Chicago, I,
Matals and Contols Inc, Control
Products Group Attiebore, Mass,
Regearch Products Corp,  Madisun, Wis,
Rotron Inc, Waodstock, N, Y,
Vectar Lloctronle Co, Glendale, Calif,
Carr Fasteper Co, Cambridge, Mass,
Vigtory Engineoring Corp,
Springlicld, N,T.
Bendix Corp, Elecirle Mower Div,
- Latontown, N.J,
Herman 1, Smith, Inc, Drocklyn, N, Y.
Central Screw Co, Chicago, ill,
Gavitt Wire and Cable Div, of
Amerace Lsnc Corp,  Brookfield, Mass,

G-4

Gude List of Manuincturmrs {Continuad)

CN%?E MANUFACTURER ADDRESK
G3600 | Qrant Pulley and Hardware Co,
Wanst Nyack, N,Y,
03684 Nurroughs Corp, Llactronie
Companants Div, Matnlleld, N,J,
43035 | U, 5, Hndium Gorp, Morrlstown, N, T,
ganr? | Yordeny Loboratorins, Inc,
NGW 'I'OI’R. N. Yn
94371 1 Arco Clectronies, Ine,  Great Neck, N, Y,
UAALL | TRW Capacitor Div, Qynllala, Neb,
a6604 | RCA Carp, Llectrenle Compananty
Harrlsan, N.J,
460381 rummel ribm Co, Nawark, N, ],
37034 | Marco & Qak Industrins n DIv, of Onk
Llectro/netics Corp, Auaheim, Calif,
87216] Phlleo Cam, Lansdale Div, Lanadale, Pa,
47505 Btockwell Rubber Co, Ine,
Philadalphia, Pa,
87929 | Tower-Olschon Corp,  lrldgeport, Conn,
a8140] Qutlor=ilammer Inc, Pawar Distribulion
and Control Div, Lincoln Plant
Lincoln, 11,
A0245| Litton Pmecision Praducts Ine, USLCO
Div, Litton Mmdustries  Van Nuys, Calif,
80634 | Gulton Industsles Tne, Metuchen, N,J,
80763 | United-Cor Ing, Chicago, 11,
51345 | Miller Disl and Nameplate Go,
Ll Monte, Gallf,
91418 Radio Materinls Co, Ghicago, I,
916061 Augat, Ing, Atlebaro, Mass,
91637{ Dale Electronies, Inc, Columbus, Nobh,
01662| Elco Corp, Willow Grove, ',
919291 lonnywell Inc, Div, Mlicro Swlich
Froeport, I,
920251 Whitso, Ine, Schiler Pk, , I,
93332 sylvanta Cleettle Prod, Inc, Beml-
cohductor Prad, Div, Wolum, Maus,
93410 Esgex Wire Carp, Sltemco
Controls DIy, Manafield, Ohlo
841441 Raytheon Co, Components Div,
: Ind, Components QOper, Quincy, Maus,
941541 Wagnar Electric Gorp,
Tung=Secl Div, Livingston, N, J,
842221 Southeo Inc, Lester, Pa,
95263 Leacraft Mfg, Co, Inc, IL,1,C,y N Y,
953541 Methode Mfy, Co, Rolling Meadows, [,
957121 Bendix Corp, Microwave
Devices Div, Franktin, Ind,
B59687 | Weckesser Co, Inc, Chicago, I,
96791 | Amphenol Corp, Amphenol
Controls Div, Janasville, Wis,
074641 Industrial Retaining Ring Co,
Ir\'lnulonn Np]b
87702 IMG Magnetics Corp, Eastem Div,
Westbury, N, Y.
99293 | Eealectro Comp, Mamaoroneck, N, Y,
$0410] ETC Inc, Cleveland, Ohio
909781 Imernational Electronic Research Cormp,
Burbank, Calif,
99934 | Renbrandt, Inc, Bostop, Mass,
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Refopenco Mfrs Port {l MIry =hp-
Datignatar  Duoseription Quantity or Typu Mir, Cadn Blauk No, LB
cl,n fxd, aloat, 4, Vel Isvde 2 160DA76X003602 Bprague 56289 g ug-alnn ]
G210 fxd, (Hm,, 03l 200vde 2 19210302 Bprogue 56240 0160-0l6l ]
(o] fxd, (i 0, 1l 200vde l 192p10492 Sprogun 567289 0)160-0]08 )
Ca,7,0,11,

13,17 NOT ASSIGNED - - - - - -
Ch (xd, {i3m,, 001 pl 200vde ] la2plo292 Sprague 56209 01600} 53 1
Co Mid, wloet, 2014 1 Svide | JOD206GH)IGRRA  Bprogue  JG62RHY 0180-0300 l
clo fxd, eleat, 100! Svidc ] D320 HLAN w82 ) n0-1552 )
Clz [xd, elact, 1450 dovide | D3Y537 HLAD 042 f1nn-1u93 )
cl4 Ixd, elect, 5600 26vde l p4naly BLAR 09102 0110-192) l
Clb Ixd, alaat, 100pf 26vde 1 30DIO7GO2LDII Bprogun  5H28Y 01u0-0084 l
ale Ixd, car,, 06,4 600vice l JACL7A Bprogue 66269 0] 50~-0052 ]
cla fxd, elact, 68pl ) bvde Iy 150DGB6X00) 5-R2 Bprague 56254 0180-1035 )
c20 [xd, cleet, 400p[ Bivde l pln6lo Sprague  B6RNY 0l B0-]8aAe |
0[\1-5,19.20,

30,32,35 Rect, 81, 200ma 200 prv 10 - HLAR 04102 1901 -0033 ]
CRG, 7,31  Diode,sil, 2V @ L00ma 3 - HLAB a9 . 1901 -0460 3
Cnho~10,)2-15

17,21=26 Reat, 510, 500ma 200y 13 I1N3263 R Co A 07" 35 1901 -0389 1

CR11, 34 Rect, 511, A 200y 2 MR10321B Motorola 047123 1901-04)6 2
CRrlG, 28,
L2, NOT ASBIGNED - - - - - -
CR1B, 26,27 Ract,, Bil. 120 100pry k] IN12Z00A RCA 02735 190] -0002 3
Ds) Lomp,naon port of 51 ans'y el HILAR 091162 2140-0244 1
Fl Fuse cortridge 2A 250 3AG ) 3172002 Littlefuse 75015 2110-0002 5
Ql,2 55 NN DU Amp, 81, 2 - HLAB 1910z 1054-0229 2
Q3,6,8,10,

12,14,15  B5 PNPSIL 7 2N 2907A Sprague 56209 1853-0009 o
Q4 58 PNP &I 1 40362 ReCuAe 027356 1853-004) 1
Q6,7,1 Powar NPN Bil, 3 - HLAD 08ie2 18640225 3
Qg 88 NPN 5il 1 2NILY G, h. 031508 1854=-0071 !
Qll1,13 85 NPN 51l 2 AIX1GAL01A G.L. 03508 1854-0371 2
Rl (xnd, ww, LKn 5% Iw 1 24281025 Sprague 6562049 0Bl 3-000) ]
RZ,22,23 fxd, mot, {lm, 6, 2K£1% 1 /Bw 3 Type CEA T-O LReCy 07716 0698-50487 |
R3 txd, met, i, 15Kat1% 1 /8w ) Type CEAT-0  LR.G, 07716 0757-0446 1
R4, 64,065 Ixd, met, (im, 20Kat1% 1 /Bw 3 Type GCA T-0 LR G 07716 07570449 ]
RG,26,77,76 [xd,met,fim, 1, 5K £1461 /0 w 4 Type GEA T-O LRC, 07716 0757-0427 )
RG,25 fxd) comp, 160Ka 5% L /2 w2 ER=-3645 A 01121 06B6-3645 l
R? fxd, met, flm, 61, WK kl% 1 /0w 1 Type CEA T-O LR.C, 07716 0757-0460 1
RE, 28 {xd, comp, 60KA 5% 1 /2w 2 ER-BG45 A, 01121 06BG-5645 !
RO,11,17,27,

37,39,70, 7ONOT ASSIGNED - - - - - -
R10 var, ww, DUAL 1, BK~20n 4 - HLAB 09182 2100-099% |
R12 Ixd, ww, L, 3Kn 6% 3w 1 24211325 Sprague 56289 oull-1803 ]
R13,19 fxd, comp,SELECTEDLS%L /2w 2 Type EB A B, 01121 - ]
RIl4 Ixd,compy 3. In #5% 1/2 w 1 EB-03135 hBs 01171 0686-0335 ]
R15 [xd,comp, L50Kn £6% 1/2w | ER-1645 M 01121 Q6806-1545 )
R16 var, ww, DUAL 1, 2K-20n 1 - HLAB 09182 2100-1803 1
R18 [xd, ww, G, 5Kn 25% dw X 242E6525 Sorague 56289 gsli-lnlqg 1
R20,48 Ixdymet, flmy 1Bat1% 1M w2 Type GEB T-O LRC, 07716 0757-03311 1
R21 [xd, comp, 30n 5% 1/2 w i EB~3905 A B, 011zt 06086~-3905 \
R4 [xd, mot, Hm) 4, 75Kas1% 1 /0w 1 Type CEA T-0 LR C, 07716 0757-0437 l

62B1A




TN

Neforence Mir. Port §t MIr, ~hp-
|_Donlgnotor Daoperjption Quantity _or Ty M Codo Slook No, {151
n2o fxd, comp, G, 2Kn £6% 3 /2w ) EN=-6226 Ml (RS 0606-6225 )
R30 vir) ww) 5Ra (Modily} 1 Typa 110-1' o8 13230 2100-1024 )
R3l [xd, campy 1Rn £5% 1/2 w l ER=1025 Ay 0111 NGN6-1025 )
Raz fxd) comp, 610n 25% 1/2 w 1 n=511b M 012 0606G-6115 )
R3I, I8 fxd, comp, 10K £6% 1 /2 w 2 EB=-1045 A s 012l N6H6- 1035 l
nai fxd, comp, 200n &5% 1/7 w 1 -2015 MRy 0112] NeNG=2015 [
R3n [, ww, 12nG, T, 15% 20 W l - H1LAR nyln2 iyl - udl !
R40,62 fxd, mat, {im, 619, £1% 1 /A w 2 Typa QLB T-O I Gy 07716 n767-07210 l
R4l f3d) compy L2Kn £86% 1/2 » 1 Ei~-1236 M 012} 06nG=11215h )
Rz {xd, comp, 6, 0kn £6% 1 /2w ) Li=68215 Ay 0312} 0GRG-GR2G !
R4 Ixd, mot, iy 4704 1% LA w Typo CEB T-0O LG 07716 N6013- 600 ]
R44 fd) comp, A7Kn £5% 1/2 w 1 LR-4735 [N 0117} 060G=4735 |
1417 Ixd, camp) 5, 1Kka £6% 12w ) EN-55256 M B 0112l n6Hn=-5125 1
RAG fd, comp, J00Ka £6% 1 /2w LR~1045 A 01121 Q616=-1045 )
R47 [xd,comp, 430a £6% 1 /2 w l ER~-43156 ML mzl 0606=4316 )
n49 [xd, ww) 300a 5% 15w 1 - LA R RLE) 001 -0956 )
n50 [xd, comp, 10a £6% 1/2 w 1 i3-1005 M Dy 0112l QLBG=-)1N05 ]
b6l Ixd, comp, 30K L5% 1/2 W 1 LR-3035 Al 0112) 0606~3035 l
Re2 {xd, comp, 226n 45% 1 /2 w 1 EN=2730 ML 0112l nGu6G-2215 l
R51 fxd, maty0x), 130n L6% Iw 1 Type G128 Corninp 16299 0764 .
k64,65 fxd, ww,» AnC, T\ £ B%20W20ppmML - HILAR 08102 onyl-1nl? }
R&G var, ww, LKn (Modify) \ Typa LI0-I4 chE8 11236 2100-039) )
R67,60 fxd, met, (m, 000A1% 1 /Bw 2 Type CEA T-0 LG, 07716 0757-109Y )
R&0, 58 fxd, mat, (hn, L00A%S% 1 /8w 2 Type CLA T-0O LR C 07716 0757-~040] )
R61 fxd,met, (hn, 7, SKatl% 1/0w ) Type CEA T-Q LG 077106 6757-0440 l
R63 var) ww), 10Kn 1 Typa 110-F4 C. T8, 11236 2100-03406 1
RGG, 67 xd, mat, fim, 3, A0Ra:1% 1 /4w 2 Type CER T-0 LR C 07716 06I8-40647 }
RGB, GO fxd, mct, fim) 365n21% 1 /A w2 Tyne CEB T-0O IR Cy 07716 0757-0721 )
R70,71,76 [xd, met, fim) Jkat1% 1 /8 w 3 Type CEA T-O LR Ce 07716 Q757-1091 |
R72 var, ww, 250n (Madily) 1 Typa 1 10=F4 T 11236 2100-0409 !
R73 fxd.matpflnl.%()n&l‘}f: 1/ow 1 Typae CCA T-0 (i ef 07716 0757-0420 1
k74 Ixd, mat, (im, 5, 00Ks £1% 1/8w 1 Type CEA T-0 LGy 07716 0757=-0208 !
RBY Ixd, comp, 33Kn £5% 1 /2 w l EB-3335 M D112l 0GHL~3335 1
iBi-n3 [xd, ww, 10n £6% 7h w ‘ k] GRR~ 37 i Hs 73971 0il1-196) ]
¥l switeh, Py Ltlred) On/OIL 1 54-61681 - 20 Al Qak 137034 J101-0100 ]
52 Meter Bwitch, Wafor 1 - 1HLABR 0nale 3100-1910 )
Tl Powar Translormer 1l - LA 09102 00-1016 l
VRl,2 Diade Zaner 6, 2V 2 1N32] N.Aw Elect 06406 1902-0761 2
5 Way Bindipy Pastimoroop) 1 DFE21Mn. HLAB 09182 1510-0040 |
5 Way Binding Post (black) 2 DF2IBC Supertor 58474 1510-0039 )
Line cord Plug PHISY 7 1/2% ) KH=~4096 Boldon 70803 01 20-0060 l
Straln Reltel Bushing 1 SR-5p-1 Hayco 8620 0400-0013 1
Kol 17/64 insart pointeribl) 2 - AR 09)02 0370-0101 1
Knob 3/16 insert{maroon) 2 - HLAB 09182 0370-0179 1
Knob 1/4 insart pointer | - HLAB 08182 0370-0054 1
Barrier Btrip 1 - HIADR 0912 0360~-1234 1
Rubbar Bumper | MB50 Stockwmll 87575 0403-0038 -
Fuscholdar 1 342014 Littlefuse 75915 1100-0084 i
Mica Insulator{transistor) 3 734 Rollopce GB530 0340-0174 1
Meter dual scale 0-9V 0-6A 1 - HILAR 049102 1120-1131 1
Meteor Deozel 1/6 Mod | - JILAD agloz2 1040-0295 1
Meter Spring 1 - HLAB 09102 1460=-0720 2
Insulator, ransigtor pin 6 - HLAB a9182 0340-0166 2
Insulator {trans rect) 7 - HLAD 09102 0340-0108 2
Rubber Bumper (PCH) | 4072 Btockwell 87675 0403-0086 )

6281A
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Reforengn Mir. Part Mir,
Deslgnatar  Duencription Qupntity  or Type Mir, Codo Stack No, It
QPTION 07
Vaoltnge 10=Turn Patyntiometer | Serlas 3400 LA, 07716 21 {JI)Z‘J !
ONTION 0t
Currant 10=Turn Patentlamaeter } Bering 1400 LiRC. 07716 2180 13t )
QPTION 00
Valtngae/Currunt §0=Turn Polaptiomotar {inciudan)
Valtage 10=Turn Potontiometer 1 Bories 400 LRC, 07716 2100-2024 I
Current L 0=Turn Potentlometor ] Barlas 3400 LKW C, 07714 210t=1004 J
QPTION 134
Voltage Rocadiol Control ! {Includen;)
Valtage 10-Turn Potenliomater l Berlas 5400 LIC, n77in 2100=-2008 }
Ducndinl Cantrol ! RD-411 LR.C, 077146 11400020 |
OPTION 1
Currant Decmulin) Contral 1 {Includest)
Currant 10~Turp Poteptiomutor ! Barles 3400 LiLe, 0715 2100-1864 !
Ducadial Cantrol ] RD=41) ILR.C. n7ILG 1idn-0020 I
ATRLA
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APPENDIR A
Optlen 11, Qvervollage Protectian "Crowbar!

DESGRIPTION:

This option s installed fn DG Powar Supplles, 62634, 62567, 6281A, 62847, G2U0A, 6204A, and
6290A and tastad at the factory, It consints of o printrd circult honrd, scrawdrivar=type frant panal
patentiometer, and sl wires that are solderad to the maln power supply hoard,

Tha crawbar monhors the output voltagae of the powar supply ond fires an SCR that affactively
shorta the output when L excoeds the praset trip voltage, The trip voltage 15 determined by
tia satting of the CROWEAR ADJUST control un the front panel, The trip voltage range u ns
follows:

Model 0253A 6255M G281A 604N S2B9A GR4AA 629%9A

Teip Voltage Rangn 2,5-23V 2,6-44V 2.5-10y LRI A4 2,544y 2,5=65V =160V

To pravant trant 'ents from foluely tripping the crowbar, the trip voltage must be set higher than the
powar supply cutpes voltage by the following margint 4% of the output voltage plus 2V,  Tiie margin
reprosents the minimum crowbar el settlng for a given output voltage} the trip voltage can alwayn
be set hlgher than this maergin,

OPEPATION:

1, Turn the CROWBAR ADIUST fully clockwine ta set the trip voltage ta maximum,

2, Bat the powner supply VOLTAGL control @ the dealred crowbar trip voltage, To prevent false
crowhar tripping, the trip voltane should excead the dasired cutput voltage by the following
amountt 4% of the output voltage plus 2V,

3. Blowly turn tha CROWBAR ADJUBT cow untll the crowbar trips, qutput goes to OV or o small
positive voltage,

4, The crowbar will remaln setlvated and the output sharted unti) the suppiy 1s turned off, To
reset the crowbar, turn the supply off, then on,

5, If the CROWBAR munt be completely disabled, romove the lead attached to the CROWBAR ADJUST
potnontiometer kG,

DPR, MPR-3
h-1
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A=l, Replaceakln Parts
Ny MIR e
DBB!E}. PLESCRIPTION Q) MFR, PART NQ, UODi: PART NO, RS
31 fxd, aloot 1pb 5Vde 1 JUDINSGO50RA2 56209 | ¢lao-0Lon 1
G2 fxdy mica 610sF 600Vda 1 | RGMIEEB))) 01062 | 0LJg-0047 | 1
CRL-OR Node, B, 200mA 2001y J aoln2 | 1901-0033 K|
CR4 SCR 7,4A 100pry 1 | GROA 03508 1384=0031 1
Q1,2 53 NPN 5, 2 | 2NaAL? 03508 § 1054=0087 )
Rl Ixd, mot, [Lm 104 &1% 1/0W L | Type GEA T=0 07710 | 0757-0040 1
R2 fud, comp 1,3Kn k6% IW 1 | GB=1225 oLL2l | 0680-1325 1
3 fxd, mat, [Km 1,21Ks &1% 1/8W 1 | Type CLA T-O 07716 , 0757~-0274 1
R4 fxdy met, [m 7,6Ks £1% 1/0W 1 | Tyne CILA T-0 07716 { 0757-0440 1
RS var, ww 2Ka 10% 1 09102 2100-10u3 1
RG Dud) ww 1Ra 6% 3W 1 | 242E1025 56209 | 0813-000) 1
R7 fxd, comp 22, &5% }W 1 | EB-2205 01121 | 06662205 1
no fxd, mot, film 270, %1% 1/BW 1 Type CLA T-0 07716 0757-0326Y 1
T1 Transformer, Pulue 1 9182 | 5080-7122 1
VR Diade, ranar 6,19V 5% i Q9182 1902-0049 1
VA2 Diode, zenor 2,37V &5% 1 nalgez 1402-3002 1
MISCLLIANEQUS
loat 5ink, GRA 1 09102 [on201-20001
Insulator, CR4 1 09102 | 0340-0169 1
Mlea Washor, GRA4 1 09142 2190-0709 1
Cakle Clamp L | TA-4 79307 | 1400-0330 1
wushing, Potoptiomatar, RS 1 00102 | 1410-0052
Nut, Shaft Lock, Rb6 1 181 33330 0590-04867
Labe}, Information, (Growbar Adj,) 1 00182 { 7124-0389
Printed Cilrcuft Noard Assembly,
Includas Components ' 09182 | 5060~6174
Modifted Front Panel, Includes
Componhents 1 09182 [06201-60003
G2B3A
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06 POWER SUPPLY

FROM INGOARD

BIDE OF NS

X

DIAG YOLYAGE FROM
CQLY. CFO{T [*14 n2 nod
2K
.l.b:%x r
Ts CROWNAR
Iw [ ADsusT I
Hu h4
o 7Bk \ CKI
1% . 02 G, )
IEw iR n?
1 3w 2
| VRl
e
Y.CR3
tl_c nG
Tl grman
, sov 2 LM,
R oW
o KCn2
2%
1BW
mga (=
1]
| soov |
|
~FVR2 '
-Quy F 2y
@r ®
CIRCUIT PATENTS APFLIED FOR.LICENSE 10 USE
MUST BE OBTAINED IN WRITING FROM HEWLETT -
PACKARD CO WARRISON DIVISION.
Pigure A-1, Model 6281A Overvoltage Protection Crowbar
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- MANUAL CHANGES
. Model G201 A DC Powsr Supply
Manual HP Part No, 06281.00001

Make all correctlons in the manual sccording 1o srrata be  w, than chack tha faliowing table for your power supply serial
number and anter any listed change(s} In the manua),

SERIAL MAKE
Pralin Number CHANGES
1Al v e Errsta
7L -~. 0376.0670 . ]
] T SRR + ¥ [3 1+ ) | S 1,2
-~ 7L N |11 3 1+ | R 1,23
7'- Ty 12&?'1406 ‘- '; 2' a,‘
oAl oL 14072840, - | Yk
-~ 1820A) 2842200 | ~1thu?
103GA 26023463 i 1thru B
1 1038A * 8410,3422:3424 1thru @
- © 3427,3420,3437,
- o » 3430,3440,3402,
arida | SHbe-a141 1e.u0
231Ep 4142-up 1 thru 10
' ERRATAt

On page 3.3, change the fingl sentence of persgr® <2
1o raadt
"\ +ves and the Josd on the programming source witt
not exceed 26 micrasmperes,”

In the spaciiications 1abile on page 143, change the Pintenal

Impadance es a Constant Voltage Source” spacification to
raadt "1 milllohm In series with 1 microhenry,”

CHANGE 1t
On tha title page change Serlal Number Prefix from "6A”
1o ll?L”

In the replaceshls parts table, make the following changest
Q11, Q13 Dalete and replace with single-houiing
diffarantlal smplifier, HP Part No. 1B64:0221, Circult
connections on schematic remain the ssme with Q1Y
serving as the "A" slde and Q13 the "B’ side of the new
tranilstor,

R40t Delete resistar R40. .
AB2: Change to 7G0SY, 1/8W, HP Part No, 0767:0430,

RG3t Chanpe to BKSL potentiomelsr, BP Part No, 2100

1824,

RG4, 66t Change 1o 12K 12, 1/8W, H® Part No, 0GOB. '
5088,

VR3 Add ryw xener diods, VRI, {4,22V), HP Part No,
1802:3070,

On she schamat) 3, delate reshitor R40 In the mster clreult
and connact VRA In its place, Anpde of VAJ to base of Q156
and cathoda 10 +12,4V,

CHANGE 2

In the repiacealiie paris table change Q11 10 2N4045, G, E,,
HP Part No, 1854.022),

CHANGE 3
In the raplaceable parts Jist, make the following changa:
51¢ Change HP Part No, to 3101:1248,
Tarminal Biript Add HP Part No, 0360-0417,
CHANGE 4:

In the replaceable parts |Ist and on the schamatic, change
power transformer T1 to HP Part No, 06281:80001,

CHANGE 5¢

The serir’ prafix of this unit has been changed to 1143A.
This is the only change,

CHANGE 6!

In Appandix A, Option i replaceabils parts table A1,
chenge CR4 from HP Part No, 1884.0021 10 1684.0032,

ERRATA!

- Change the firs: semance of pazagraph 320 to read:

""The output currant will be the programming voltage
divided by 0.2 ohms,”

ERRATA!

In pars lst and on schematic, change R12 to 3.4 X, 6%,
3W, 30 ppm, HP Part No, QB3 1:1804; and change R47 to
470 ohms, 6%, 1/2W, HP Part No, 0GBG-4715,

In table 103, change the INTERNAL IMPEDANCE AS A
CONSTANT YC* TAGE SOURCE (Quiput impedance)
specification to rand as follows}
QUTPUT IMPEDANCE (TYPICAL)t Approximatsd by
a 1 milllohm resistance In sarles whh » § microhanry
inductanre,

Add the following 1o parts iistt packing carson, HP Part No,
£211:2670; floater pad, quintity 2, HP Part No, 8220-2703,
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Manual Changes/Modal 6281A
Manual HP Fart No, 0626420001
Fage+ 2

The standard colors for this instrument are now mint gray (far front panel) and olive gray {for sll other
external surfaces), Option XB5 designates use of the former color scheme of light gray and blue gray, Opticn ABG
darlgnates use of o light pray front panal with olive gray used for o)l other axternal surfaces, New part numbers
sre shown below!

HP PART NO.
DESCRIPTION STANDARD OPTION ABG QPTION X0b
Front Pana! Assambly 062B1.60000 06281.60001 -y
Chassis Assambly, Right 60GO-7862 s 6060.6120
Chausls Assembly, Leit _ 60G0-7064 o 60606130
 Cover 5000-0424 e B0G0-60G)
Heat Sink Asismbly . G060-78G7 g —— £060.6120
ERRATAL _ PERRATA!
In paragraph 1:0 in the tecond and third lines under Optlon For all instrumants deliverad on or after July 1,
13, changs the word ""currant” to "'voltage", 1878, change the HP Part No, far fuseholder from
‘ 1400-00B4 to fuseholder hady 2100:0564 and fuse-
Effective January 1st, 1977, Options 007 {10-turn voltage holder carrier 2100 UBGE, Chanpe the HP Part No,
contro!) and QOB (10-1urn current contral) are no fonger for fuseholder nut from 2060:0038 to 2110.-0568,
available individually, but they sre still availeble combined i old fuseholder must be replaced for any reasan,
as Optlon 000, Likewise, Optlons 013 {10-turn voltage replace complete fuseholder and put with new
control with decadiat) and 014 {10:1urn current control fuseholder parts, Do not replace new parts with
with decadial) are no longer avallable individually, but they old parts.
sre available combined into a single new option designeted
Option 016, Make theie changes wheraver Option 007, CHANGE 7i
008, 013, or 014 [s mentloned In the manual, In the parts list, change the HP Part No, for the
’ binding posts and associsted
The front pane! binding posts have been changed to a type hardware to the followlng:
with batter designed Insulation, Delete the two types uf Red binding post, qty 2 . 1510-0081
posts listed on page 68 of the parts list and add: black Terminal lug, gty 2§ 0360-0042
binding post, HP Part No, 1610-0114 (qty, 2}; and red bind -
ing post, HP Part No, 1610-0116 {gty, 1), | Nut, gty 2 126000001
~ . Black binding post, qty 1 £1610:0107
Add 10 the parts list the replacement lsmp for Huminated , Tarminal lug, gty § ¢ 0360-1190
twitch 3101+124B, which is used In those supplies that Nut, qty 3 3 2060-0144
include Change 3, Tha HP Part No. of the type ATH lamp . CHANGE 8
Is 21400244, , . In the replaceable ports lst, change Swich 59 to
, _ HP Part N», 3101,2287 and change Terminal Surip
Change the part pumber of pllot light DS1 10 1460-0566, {edded in Chanje 3) to HP Part No, 03G0-0016, On
This naw light is more rellable than the former one, the schematic Jiagram change Switch 51 10 thow
‘ fwo switch sections, one which breaks the AC line
The blue.gray mater bezel has heen replaced by a black one, {as sthown), the other braaks the ACC line,
HP Part No, 4040-0414, CHANGE 8: .

In the replaceable parts Jist page 6:5 ndd cepacitor
€21 Fixed mlca, 500pF HP Part No, 0146.0234,
On the schematic Insery €23 parallel to R24,

)  CHANGE 10
In section 1, on pays 1=1, chanye the last
sentance of paragraph 1=) to read;
¥,,,0F the poveyr supply can be operated
floating at up to a paximum of 120V off
groumd, , ;

"In asction XXX, paga -1, paragraph 1-=4,
change the end of the third neptence ta
read)

*,,» DF opexate the power supply up to
320V off ground {fioating),
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Gold-standard solutions We buy equipment Learn more!

Extend the life of your critical industrial, Planning to,upgrade your/current Visit us at artisantg.com for more info
commercial, and military systems with our equipment? Have/surplus equipment taking on price quotes, drivers, technical

superior service and support. up’shelf'space? Well give'it a new home. specifications, manuals, and documentation.
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