Errata
Title & Document Type: 6205B DC Power Supply Operating and Service Manual
Manual Part Number: 06205-90002
Revision Date: July 1969

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.

.:;:.;;;.;:.’. Agilent Technologies


http://www.agilent.com/
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. may be programmed from a' remote location by L
; P ‘ . e means of an external voltage source or resistance. e
1-2 'I'his power supply. Figure 1 1. is completely . b, Remote Senstng. The degradation in - - '

0 ; transistorized .end suitable for either bench or re- -, regulation which would occur at the load because‘ ,

P {1 <ek operations. The dual supply conslsts 'of . ‘of the voltage drop whlch takes place’ in the locd '
S "'r'tv'o independently controlled dual range sections- " leads, can'be reduced by using the’ power supplv in "
-j-*f - 'both identical to the other, . Each’ section can fur~ . ! the _remote sensing mode of operation. T L
G "nish either a 0-40 Voit output at 300mA or @ 0-20 - e, Series and Auto-Series Operation,: Power '

Vil

Y " Volt output at GOOmA ‘Each sectionhas its.own

i . supplies may be used in series when & higher out- W ;
. front panel meter and operating controls. The’ oper- -put voltage'is:required in the véltage mode of op- e
R atlng modes (40V or 20V) are selected by means of . ', eration or when greater voltage compliance is re- -
. the front panel RANGE switches. The. VOLTAGE con- ‘ quired in the constant current mode of operation.
trols permit each output voltage to be continuously . Auto-Series operatlon permlts one knob control of '
adjusted throughout either output range. e :"5-" . the total output voltage from a “master supply, . '/
. L R VR e T . d., Parallel and Auto-Parallel Operation. The ' .

' power. supply may be operated in parallel withat . !
** gimilar unit- when greater output current capability v
'-;'is required. Auto-Parallel Operation permits one con

: 'knob control of tlhe total" utput current i‘rom SR
"master" supply. Ut
!:e.. Auto-—Tracking. 3
‘ a 'master" supply. having control over one,,
(or morel: "alav’e" supplies that"furnish various volt-

: - ‘ - ~ ‘ i1 7‘1 Detailed specifloetions for the
AR ' : ,are given'in Tablel 3 PRRON e
Flgure’l-l DC Power Supply. Model 52058 o ottty R

T T e 1»8*.'c-opnousr~h ¥

R | RIS

power ‘ supply :

Sy . o e
1= Both sections of the\supply ‘are of tlte regu-s : J;’ '
lated, ‘Constant Voltage/Current Limitlng, tYPE- B ard instrument that- are reque. ‘ed by the customer. :

‘Each section 15 fully protected from. gdverloads by, ;i ' The, follpwlng options'are avallable for'thé instru-' ﬂ‘
-_‘the fixed current Ymit which i8 set by means of an : -‘, ment covered by this manual, Where necessary, de-

Lintemal ad]ustrnent. v, _“ “t‘f ‘fﬁ"- - ..@ltailed coverage of the optlons is included through— .
i i G "ot the manual. RS SR NI FP

. ,;-'

‘ Optiqns are feqtory modifi ations oi' a stand-

e "|||.‘ ',|! Ty
s o hr|" ; ’.
g 1—4 Both frant and rear termlnals are.‘avallable
. for each section, Either the positive or, negative
erminals may: ‘be grounded or the supply can be - .
.\operated at up to 8 maximum of 300 Volts off ground
.- Each'meter can be used to' mee sure either output
e voltage or output current in one of two ranges. T

S Descrlption IR
Voltage 10-Turn Pot: A single control _' L
that replaces. both coarse ‘and fipe ! l ¢ '
voltage controls 'and improves output

L o BRI settabllity. ER T

S voltage or’ current ranges are. selected by the ap- SRR e Lo '. ‘

pliceble MBTER switch on the front panel..n . R S I A Oupwbltage brotection ¥ Crowbarh: ' ' .
S "l.’. ! .-' e R ceed »

g o ’ ' s o "A. oompletely separate circult for’ pro-‘
“1 -5 'I'z.vo sets o. programming terminais, lccated T
r

v " tecting delicate loads against power
T rat, ‘the réar of the unit, allow ease in- adapting to ST supply’ failure or op rator error. 'I'hls

‘ '-\'J.‘Lthe many . operatibnal capabilities of the supply. A B independent device monttormthe out=" SRR
" brief description of thﬂse capabiiities is given LR put voltage and within 10psec imposes.
Lo (-below—‘ S o v virtual short-circuit {crowbar) across

pov Mﬁg'— The p°“'e" S“PPIY S f the power supply outpl..t it’ the preset :

,"-“ ) R P ‘n "




-tion 11 is re‘quested by . the customer

i'l'rip Voltage Renge- 2 5 to 44 Volts. g

||H T A

‘cluded in Appendix A at the rear of

S contnining Optiqn 11. S

. ‘-;

T

.Voltage\Control' Control that replaces

N mitting accurate-
: '5 BANN -1 ;\ i .5\ . i .
L 30Vat. Input; Suppiy as norme‘llv o
g : shipped is wired for: 115Vac input
Option 28 consists. of reconnecting

:‘.gatlon. ] ;‘_:" i ‘|.~ B

(refer to ist at reer of manuel for addresses)

Ty ‘ s —'1

y

Description

' ifed to side of supply. B )
. y
" Rack Kit ior mounting one 3{" high
supply. (Refer to Section II for de-— :

‘the devioe is connected at the factory. o

v v f L ., A -‘_.
screwdriver edjustable. '_ Ll
Detailed coverage of' Option 1118 in- .

"+ manuals that support power aupplles

e - ond part {5 the serlal number prefix, wh‘ch con-"
hree Digit Gmdueted Decadial e

coarse and fine: voltage controls - per-i
resettebility. TR

 the: lnput trensfonner i'or_ 230Vec oper- ‘

' 'may oe ordered with the power supply or separately
frorn your iooei Hewlett-Packard fleld sales office' -

<"," ‘,-a'

'i'a" Bleck Handle that can be ettach- o

Jdtaiis) ST

' "f’ Rack Kit for mounting two 34" high -

« tails;) i \ ,; { i RN ,?
1-12 INSTRUHENT AND SERVICE.HANUAL: 'us
: IDENTIFICATION

R 50 i J{xfiik

. ', Lesowid
1-13 Hewlett-Packard powei' supplies are idenb\-

‘-I".-- .

" fled by a three-!part serial number teg}) '.!‘he first\ I

. part Is the power supply model, number.\'rhe sec-\\

sists of a nurnber-letter oomblnatlon thab 'denotes

" the date of.a significant design change. The num-" ’
ber designates thé, year, ‘and the le 1er A 'throtigh -fJ{

the power supply lr‘eriel number, . \; e

. H ‘_ B I . o E]‘. l‘ .
. : . \rf R I ) ! '\\ ' :\ -
o 1-14 If the serial number prefixxﬁn ,your power\

supply does not’ agree with tha . plefix on‘ihe tit

‘page of this manual .change sheeis : ere, includelI\
"to update the manual, ‘Where applicable,)back- i

datirg informatiors Is glven in an eppendix -at the

i

L designatee the h-lonth. Ienuqry through December N
. respectively. with "I* omitted,’ The'third part Is .

LAY

~rear of the manuaiK S N ll\
) ¥ - !-\ ' J!'. X i '__ ;. ,\'\ \
; & T i : ,
1-15 ORDERING ADDITIONAL HANUALS '\\'\ “\‘ !
g AN N
.-..f“ e \u\'

ply. Additional manuals may be purchased from .
. your local Hewlett~Packard field office (see list .

'"at rear.of this manual for'addresses), Specify the ‘ S

model number, ‘sertal number prefix. and @ Part
nurnber provided on the title page
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Spectftcanons I T T S ] e
. H ‘, 'R

R I T

11‘

TRANSIEN’I’ RECOVERY TIME' o

l’.ess than 50p5ec for. output recovery to wtth- '
ln 1DmV followt‘ng a full load current change in'
the output L . ,

OUTPUT' A T
_ o independent outputs. eaoh f which can
be set at either 0~ 40 Volts @ 0.3 Am;& or o-p.o
ir Volts @ 0 6 Amp. _ ,

I.OAD RBGUIATIO‘
. 'Less than 0,01
load change ln\output current

;

* RIPPLE AND, NOISE- 7, P
' I.BS.: than ZOOerms 1mV p-p. C .- .

TEMPERATURE RANGES-
Operattng- D to a0°C Storage- -40 to +75°C

TEMPERATURE COEPFIC{IENT" : T
"-Iess than 0 02% plus ImV per degrue Centl-—

. grade. ‘ W :
e

STABILITY

ph.s 4m\! for a fl.

4.’: .

LINE REGUILATION: .~ " - o -
Less than: 0 0i% plus 4mV for any llne voltage. e
change wtthtn the lnput rating. ‘

L
1 -

Ty

1

less than 0 10% plus IJ%rn‘u' total drift for B

ho‘urs after an initial warm-up time of 20 min- _

. utes at constant ambient, ' constant ltne voltage;

_ and constant load K : o :
B !INTERNAL IMPEDANCE AS A CONSTANT VOLT----‘

~": AGE" SOURCE S i

' Less than 0, 02 ohms frorn dc to 1kHz

gy

. Less than 0,5 chms. from 1kHz to 100kHz,

‘ OVERLOAD PROTECTION-

A fbted current llmlting olrcult protects the

. power. supply for all overloads lncludtng a B
dtrect short. placed across the termlnals in con-
: stant voltage operatton '

METERS' X T :
Each front panel meter can be used as elther a

-”.

0-50 or O-ai,Volt voltmeter or as a 0 0. 75 or.
Lok 0.075 Amp. am,meter. LI S

OUTPUT GONTROLS:: ", .o ot |
'RANGE switches select dealred operating mode il

' ‘ahntrols set deslred output voltagee g

Y
ok

| section) are located on the rear of the chassis,

“ _ front. terminals if the load isattached to the o
* front or at ‘the rear tarminals if the load is at-

RFMOTE VOLTAGE PROGRAMMING.

Hf"coor.mc;., Ak

. has‘
; jl.ees than 3.0, ohms trom IOD)kHz to; IMHz, o
. N \ . B
: : SIZE'

‘relayraok T T S LA j-.
o - S L " TR A i
SRR A AU
WEIGHT: p A ; >
~ 10’ lbs net. 13 lbs. shlpping.-‘, BN
IR Cyen T
FINISH H

o ...I., -
' :_‘ ‘1_‘ .I

i+

-for each sectlon and coarse apd ftne VOLTAGE o

i oo -.| L '
OUTPUT(QBRMINALS' o N
“18ix "five-way" output posts (three for each'-
sectlon of supply) are provided on the >front O

" panel and two Output terrninal st*lps {one per

All power supply output terrnlnals are tsolated
_from the chassis. and either the*posltive or neg-- :

-ative terminals may be connected to the chassla i "
v+ through separate ground terminals located. on’ o
the output termlnal strlps S S

g ' '.', : B .\"‘, R

ERROR SENSING: .1 el
'Error sensing is normally aooomplished at the |

tached to the rear terminals, ‘Also, provisions .
are included on the rear terminal strlps for re- :
mote sensing. B . . ot
'?BMOTE RESISTANCE PROGRAMMING' ol
' 200 ohms perVo}t' 'i‘ L ey,

A ' . X

1 Volt perVolt : A AR, Y
Convection cooling is employed The supply
'o movlng parts. o "

h3p" H x 12-5/8" D x 81“ W, ‘Two of, the unlts

‘:.can be mounted .alde by, stde ln a etnndard 19" AP PR

Lightf gray front panel with dark gray case.

4 '

.Powznconn- Ly
-'A three-wire, flve-foot power cord ls provlded
. with eaoh unit, « - I :




sscnon i

~found, .a clalm should be filed wlth the carrler. : s b

msnu.mon
Ceel ._. .:!:‘,1‘ ,,tyl
ﬂ. R e
I " ‘-‘ a ‘ .t | o
W22 Before shlpment. this lnstrument was 1n- e =
spected and found to be t'ree of mechanical and , g '
electrtcal defects,’ t As soon, as the: instn.unent is, ! ==
o N unpacked. lnSpect' tor any damage thet may heve [ I 7 == b
“.occurred An transit, Save all’ packing matertals _ g TR ‘
“uritl the 1nspectlon 1is ccmpleted IF damage is .- M S
—
=N
"

_ " Hewlett-Packard Sales end Service office should cUE

= be notiﬁed ' \-. : TR XRUREN BT

T 15" LN .. H

G ' ; n "+T" ‘ -

' ' clew !' g e ' 'J";v
2-4 Thls check should confirm that there are no; J ',\ TN, 1stem .ff't L
broken khcbs or connectors, that the cabinet and I I B e, LIy et r

. panel surfaces are free of dents and scratches. . iy [ foevoo e et LY

! . and that’ the meter 15 not scratched cr cracked U TR I R oo o :)-(

S ﬂ'a_t.,"' i Lo R S CA (R A -Dt o

P !2-5_ stscrmcm.cnzcx ‘ SRR I ¢ e =~ |

R T P :“ i PRTR) ‘;-_J"‘:’ v L o R - ' . T

i ".2-6 The lnstrument should be checked agalnst lts T I J L t2o8aem o 0
RS electrtcal Epecifications, Section V. lncludes L : S, WIBE T
v "in-cablnet"‘DErfonnance check to verlfy proper O I . : e C
P lnstmment operatlon. L S e e fr.zl Vo e
2-7 msnun'ou DATA Lty S PR
. Do e b : : ool
f..2-B 'I'he instrument ls shipped ready for bench ’
operation. . It ls necessary only to connect the ln-' o "
stmrnent toa. source Jof’ power and tt is ready for A SR R TR
‘ ,“z L S PR ©. " Figure 2-1,: Outline Dlegrarn )
A R , L -‘.“=.- II:.I . - .I : }:’ll . ‘. . :‘-'Ii[, ; “‘ Y ‘ ... . w L .. .
. R SRR R how both types of instellatlons ere occompltshed

R 2-10 “Ihis lnstmment is air cooled, Sufflclent\ ;-‘: : o v

! e space should be allotted so that a free flow of v . -15 To mount two unlts slde-by-side. proceed

G "r.‘ coollng air can reach the side.. and rear of the: in- L es follows- Ty e e -

.. " strument when it'is in operation, It should be used -, ,' .+ . Removethe four. screws from the tront
"in an area where the amblent temperature do-es not - panels of both units,, !

Vo exceed ‘50°C R T e b, * Slide rack ‘mounting ears between the
) IR ST -_' : . front, panel #nd'case of each unit, ' ',
2-11 OUTLINB DIAGRAM ' REEENY P ), ‘Slide’ combining strip netween the front

e ek 3l RITREIE O RETEEI panels and cages,of the twounlts; = ', .

: 2-12 thure 2-1 s an outline dlagram showlng the .. '.d. After fastening rear portions of unltu to-

R dirnensions of the tnstrument R } S gether using the bolt, .nut, 'and spacer, replace .

Cca i panel screws.‘ S ,;, T
2—13 RACK MOUNTING T A S v
‘ Ty 2--16 To mount a slngle unit in the rack panel. c
. 2-—14 This lnstmment may be rack mounted lna: proceed as follows: o
‘standard 19 inch rack panel either alongside I T a. Bolt rack mcunting ears. icomblning
: slmllar unlt or by ttself Flgures 2*—2 and, 2-3 show o streps_. nd ergle brackets to each side of center
. e Vi 5 L ‘-’ ',' ' Rt , oL K f.-.. c :
: g o | & - { ) o RN
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‘Y:j ..‘ I‘I i
.l, .i"f A
oy comhlntng straps as; shown in thhre 2- 3 , ..-i;'i-_ .
Remove four screwsvfrom’front panel of EE/SR 'lg;f'ﬁ

Sllde combining strlps between front' " SRR
[ ' "lflq. ,. '.‘ ;tl

ts to front sldes of case i i o

.i:‘_ ...!, Lo ‘. ‘. - ' i 't.'k( 3 .!

e IR

o 3.-,:. 1 S LY

RN RIR B TENE

2-18 "‘.’l'hls ‘power.supplymay'be,operato'd‘zfrom_'~ Vg e
elther a nominal 115 Volt'or 230, Volt 48=-440 Hertz . W

- power source, The uhit, as|shipped from the fac— - v _ v

tory. is wlred for'115 Volt operation. The lnput _ R R L \ N b !
power required when operated from a 115 Volt 60, ' " RO mtcggepazmuu_nr R IR

i " Hertz power source ‘at full load Jts ar Watts and , .  BvoLY oprn'non" ; "‘,. el RN IR

o - 0.35 Amperes. e ‘ B e o S 'r LAY e et : 3

C3A19° coNNrd'nons ron 230 vor.'r OPERATION I |
i i R l ' ' | ‘_ l s 3 L ‘ = ' {

: " 2-20 Normally, the two primary windings of the ;

Ui, input transformer are;connected in parallel for op=" 4 .
" eration from 115 Volt source;: To convert the power ' - | .\ ’
N pupply to operatlon from a' 230 Volt source, 'the - L
. power transformer windlngs are connected ln series ' L ! i
" as follows- FRR T . D S
NECREN Unplug the line cord and remove the unit: N
from case. ‘ g ‘ I
o "'b, - Break the copper between 54 and 55 and . ) , o
' also between 50 and 51 ‘on the printed circuit' - ) ‘ ' ‘ - .{'.‘ o
-board, These are shown in Figure 2-4, and are ,', R T : ’} S I
g'- labeled on copper side of printed circuit board RN SRS Zoﬁ'é’rﬁ'é:i%?'ﬁ‘” R RN D
1“7 e, Add strap between 50 and 55,. 1 g o BIQVOLTOPERATION. . R
S d Replace exlstlng fuse with 1 A.rnpere- o B O : 3 : got
: 230 Volt fuse Return unit to case and operate i ‘ " WOTE: CONMECTIONS BETWEEN R . v ,'f
) “°““3“Y- L . [ R iV 50881, 56853, ARE MADE ' PR
f,. .-1), S DR S o mr»cornnoumrmnrm IR o o
S Shet ULt e B amrrérfx:nnu‘:rm:: RN B
2-21 POWBR CABLE e i L nzu:v?zlpo:onr 230V o o i
2-22 To protect operatlng personnel ‘the National KRR on e rmnr:; E?l’t’c‘t‘sfr' “. SR RS
* Electrical Manufacturers Assoclation (NEMA) rec-- ' D I DRONENAND, " v C
'-"], ommends that the tnstrument panel and cabinet be ..o o ! gg’::;gﬂgo ‘h-;g: BETWEEN '. SURT
grounded 'I'hls lnstrument ls equipped with a’ . N s { . Lo . s
three conductor powerrcable. -The third conductor Y SR , A
is the ground conductar, and when the cable is v : i 5 L o TR T
" pligged into an approprlate receptacle. the lnstru- , A " 5 : :
J0 v ment 18 grounded 'l'he offset pin on the power - B PR
;-s v :1?::118 tllreefprong connector is the ground connec- . i“}j Plgure; 2= :‘ ] l’rlmary Con'nections Sl SO ;;
. Al .‘--‘,'. ] ‘.. o .' ; v .;."."lA '1':.1._3 A x o S ‘_: . ‘: 1 w“ﬂ. oy o, L . N jl",:'-
' v R R -;_' y R AT ! !
:-323 T‘:hi“issx t:let r;rotecutr‘:: featu:e :vhe;:l °tP"  instrument be used The orlglnal paokagtng mate- e
o OF nghre nstrument {rem'a two-contact outlet, . -.-! ‘rial is'reusable, If it is not available, cpntact |
i usetaﬂ: e-prolr;g;o m;-pr%ng ta:latpter anddcon- ... your local Hewlett-Packard fiéld office to obtain’ .
nec e green ad on .e a aP 5 0}91"_0““ g " the materials This office will also furnlsh the ' '
. L addrest of the nearest service office’ to which the .«

: 2'2" REPAC“G"‘G FOR SHIPHENTJ i j‘-|“ ', 'instrument'can be shipped. Be sure to attach-a S !
i tag to the Instrumént which speciﬁes the owner, - -, .
Yo 2'25 To 111501'0 safe shipment of the lnstrument. it model number, ‘full serfal number, and 'service re= ' g
e ls recommended that the package des!gned for the. , quired ora bﬂef descriptiorl Of the trouble. o _. .
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T ;’ 15 described below

A PR ||

LT that button lights,

B KT - N Set'range switch @ to desired operatlng
mode and meter switch’ to desired voltage range,

“G) ‘Adjust coarse and flne voltage controls

Ay DS Set meter switch to hlghest'current range
nd short ‘elrcult. output terminals. S
E Observe short circult output cUrrent on

‘ erminals (front. or-rear).w RN
, LG E'or Modei 62058, this procedure should
"be used for both sections of supply. IR

33 orsnnrmo uonss

;73-4 'l'he power supply is designed so that Its
' ‘mode of operation can be; ‘selected by making )
_,-‘strapping ccnnections between particular terminals

white on the power supply ebove their respectiye

,trated in this section show the positive terminal .
grounded. the’ operator can. ground either termir.al
o or operote the power supply up to SGOVdc oir

ground (iloating)

"Jshown}in Plgure 3-1 ; The normal turn-on sequence,;

until desired output voltage is lndlcated on -

R Remove short and connect load to output (

_terminals. Although the strapping patterns illug=- -

retical desoription concemning thése .operational
features is contained in Application Note 90 and
- In various ,'I'ech Ietters. Coples of these.can be .
‘obtatned, from your local Hewlett-Phekard fleld

offir'e. L ';. : e ‘

1 : f

.’, :“

g 3-5 NORHA!. orsmnmc uons /

l

3 6 The power supply is normall /shipped with
lts rear terminal.strapping. connect,[ons arranged,

" -:or Constant Voltage/Current Limiting, ‘local sens- K
]

‘on'the terminal strip at the rear. of. the poWer sup- e 4
. ply, The terminal designations are stenciled in - h

~'A.:.Push ON/di‘f‘ button’ @ and observe"- : ,"s,.‘i'!. '

o ,Pigure 3-2

In the following paragraphs

" ing,’ local programmlng. single uhit mode of oper-
ation.- This strapping pattern is: illustrated in Fig-
ure 3- . ‘'The. operator selects a constant voltage
output using tite front panel controls {local pro-
gramming. no strapping changes are. necessary)

'l-l L ,. . ‘: " o L

o) | momrorive |
L ROINTE TR

NormalStrapplng Pattem :"! -

.‘i V _('7'.1 .=. E N f o b
‘.'« ;»" ..."-"‘ v

) .
i . v
e . o

3-7 CONSTANT VOLTAGE

1 LR r' 1. . '.

: 3-8 To select a constant voltage output ‘turn on
-, the’ supnly and,’ with no'load connected, adjust . -
_the VOLTAGE controls’ for, the desired output volt- A
‘age, 'To check the current limlt. cbnnect an ex=, '
“‘ternal ammeter across the output of the supply, ' W

. turn the VOLTAGE controls fully clockwise. and

. observe the reading. The current Iimit Is factory :
f,ncijustec.'l to approximately ioﬂmA:above the current’
-rating of the supply. If the exlsting current limit ,
.- is pot compatible with the antlcipated load re= . i o
-The following paragraphs de- AT k
soribe the procedures for utilizing the various op-

quirements, the lmit ‘can be changed as; otttllne_d ,

Yo

AN

erationai capabtlities of. the supply. A more theo—‘- .

. ‘_‘»‘, L




rssistor RB1; located on the printed wlring boerd
o This adjustment procedure is described in Para- '
graph 5-74, In Mcdels 62045 and 62068, , the cUr- ]
i ‘.:rent Umit: may be reducedto’a. value lower than'
L that attainahle by. adjusting RBl, by adding an ex-
Cote lresistor as shown in Figure 3-3, The ap- =~
v proximate valye of the external resistance (Rx) can ‘.]
be detennlned by using the. following equation o
o qulzs "‘Rri :
; Vi, LSRR

b

where' Ig the output current R .
SRS RI = the internal,current sampling resist- .
' L aince for the perticular operating mode
(U tobe used, .
1 75 -'the approximate ‘voltage drop across
RPN “the intemal sampling resistance at
‘ ‘ ! the current limit crossover point

A . .!5 : " o -l..‘ e s
e ! : FCI
Nl

NOTE '
i E _' o ' t

R SR The power supplv 5 performance will el
Sl be somewhat degraded if it is operated
v toocloseto (within IODrnA) the current
" '_“llmit crossover point P

: . . .
‘1~3l_“....». SR o s,

e '.-‘_,,-‘ : -,\ Ty
l2 AB A? AI A9 —5 = GND + +35 IID

QQQ_FQR- 2

B-A—gee-Ac PR/ CAs EEE

.'at

i

“12° tach ioad should be connected to the power ,
supply output terminals using, separate palrs of W
L 75- y connecting wires,  This will minimize mutual cou--'_
‘pling effects between loads and will retain full .

. 8upply.> Each'pair. of connecting wires should-be .
*'as short as_possible and twisted or- shielded to re-;l I
R duce noise pickup. {If shield is used, 'connect one
- end: to pcwer supply ground tenninal and Ieave the
other end unconnected ) y

+ 3-13 If load considerations. require that the output -

" nolse pickup. :

o cedures

o 3 19 esistance Programmlng !l"ig’J

“.1"‘ i »‘m‘_i; . ‘,, PR H RS . iy

w.‘odvantage of the low: uutput impedance of the power =

3 ‘nals, -

 power distribution terminals be remoteiy located’
. from the power supply,,then the power suppiy out- .
" put: terminals‘should be connected té the remote

- distribution terminals-via a pair of twisted or- i ',: P
shielded’ wires and ,each load separately connected
“to the remote distribution terminals, For this case,’
remote sensing should be used (Paragraph 3-25). L

3-14 OPERATION BBYOND NORMAL RA’IED OUTPU'I"

3-15 Although the supp.y cen deliver greater than

' the rated output on both, the lower and higher volt- -
" age'ranges without belng damaged. it can not be -
.guaranteed to meet ‘all of its=performance specifi-
cations. : Generally when operating the supply in
this rnanner, the cutput {6 uristable when connect- oy
ed to a load When greater than the lower rated e ‘

- voltage s required the higher voltage range
: should be used . This range will deliver half as, '
. much output current and all specifications will

apply, as,listed in Table 1-1, - However, if the lne |
voitage is maintained above its nominal value, the - o

" supply will probably operate within specit‘ications

~above its rated output. . - i T R
3-15 OPTIONAI. OPERATING HODES s o

3-17 REMOTE PROGRAMMING.CONSTANT VOL'LAGI:‘. ‘

0 )
! 4
v

3 18 The consthnt voltage output of the power '_
+.supply can be!programmed’ (controlled) fromare- - . .,
_‘mote location‘if ‘reqyired. Bither a resistance or® ' .

. Az voltage source can be used for the programming.

“device, The wires connec{hng the: programmlng EEETI
terminals of the supply to the remote prograrnming o

- device should be twisted or shielded to reduce - i
.The VOLTAGE controls on the front .
. panel are disabled .according to the} gfollowing pro- S

1

‘In"
_this ‘mode, the output voltage will  vary' at a rate, :

N determined by the programming coef{icient (200 AT
ohms per Volt for Model 6204B and. 62058 or. 300 :

ohms per. Volt for Model 52063) ‘The cutput volt-

- age will increase by 1 Volt for'each 200 ohms {or

300 ohtns} added in’ series with the programrning :

terminals. The programmlng accuracy 1s 1% of the o

prograrnmed voltage, If greater programming ac= . ,~° = =~

‘curacy s required. it may be achieved by chang- N

ing resistor R13 as outlined in Section V Lo

i | ]

-

3 ZD The output voltage of the power supply
should be' zero’ Volts & 20.millivolts when zero . |
- 'ohms 'is connected across the programrning ‘termi- - )
‘Ifa zero ohm voltage closer than this isre~, . =~ '
qt_lred. it may be achleved by changing reslstor A
RG or RB as described in Sectlon V. \ . SR




R

o ‘|'.- ‘.' . . N

Y .Phoaml&umo G R e
oy RESISTOR: STt

C, R L
A - t B

gl ol

‘ programming voltage source should be approxl- -
\1_"' mately 1000 ohms if the temperature and stability - Lo
T Speclﬂcatlon:. ot‘ the power, supply are to be main- -

. talned. The. progrc.mmlng aocuracy ls 1% of the; '
programmed voltage. SRR R v :

N -24 Me}thods of voltage programming wlth galn .
are ‘discussed in Appllcatlon Note 90, Power Supply
A Handbook- avallable at no charge from your local
g Sales Ofﬂoe. : S

3 25 REMOTE ssnsmo (See Plgure 3-5)

3-26 Remote sensing is used to malntaln good

B regulation at the load and reduce the degradation

. |,'-.'."‘ ,]i” .
L 3-21 To malr}taln the"étabillty and temperat:.n‘e .
C coefﬂolent of! the power ‘supply, use programmlng
' resistors’ that have stable, :low noise,.and low
temperature (less than 30ppm per degree Centl—- N

S vy i f ) w” te
‘I.:} ,[ \ f"

Plgure 3 4 R.emotle, Rrslstance Programming
Sl e \1 e I

‘i (- T

.- grade) characteristics, . A switch can be used ln

. conjunction with various resistance values'in .

order to obtain discrete output voltages,” , The ©, |

"\ F':*;':

of regulation ‘which'would oceur ‘due to the voltage

! drOp in the Ieads between the power supply and

the load, Remote sensing Is accomplished by utl- _
‘ llzing the strapping pattern shown:in Flguie 3-6,. R
f.. The. power supply should be turned off before | : )
) ohanglng strapping pattems. The leads from the = '

4S5 terminals to the load wlll carry less than 10 o

',’ mllllamperes of current, and it is not required that '
" i these leads be as heavy' as the load leads, How-
ever, they must be twlsted or. shlelded to mlnlmlze

+

noise plck-up. T T

"'switch shodid have make-before-break; contacts o B 1 . .‘ '
.y - to avold momentarily opening the’ programming g A fo
L termlnals durlng the swltchlnr; lnterval : i ' —-—-—-—CAUTION—-—-— e
f B A '
\ i J [
l3-22 yoltage Prégrammlng; (E{ggre 3- ). i Bmploy ‘ Observe polarity when conneotlng the o
,.?'the strapping pattern shown on Figure 3-5 for Ly -l I senslng leads to the load Ce o B v
! voltage programming, In thig mode, the' output . NI oo o b SN L
" voltage will WaryIna 1l to } ratlo with the pro- "' | R S B T ‘
: . grammlng voltage (reference voltage) and the Ioad : ‘*f‘-' _ TR e ‘
Vi l o A 0
° S K Ltk '
! .,] . ";.' o IE“F, . j :
S : H b ! A7 AB. 4B A0+ + GND = ~5 - '
FRNT ! N U IR N A oloal. .\ |
S X I ; i Y g w ) Ty
Rt [ R A LR Oy R R 3 t ) ..
- {,I. .‘1 . ) . o Ve - i W
" a7'28-28 AIO 45" +"Guo.-, -5 i \ ,} ] I 8
‘ - - (. N \
2R K b L Lo 3
n g P - 1‘ R '
o a4 LU R o R U : '
S EEECELIRIE £ "IN IOV I ;'. RN W
v SR Y S TR R Lo R B J. R m’
' . . S ‘ — _:II'L — W * ‘l ’ . 1,3 . -‘1 ; JI‘ ' .: '
. : ‘ s 3 o . ngf%g‘ggg T --..J ;.‘ ) , s o ;“;. ; ':..',': Cer ‘ r o o ’
N D RGP LT T A : fo I Flgure 3 6 Remotelﬂs‘ensmg‘:‘{ Lo Ve
Bt f o ) ; I, ', ;, . nl ..' v ll N . :
! L ) ) ¥ o . e =“i-" ' ' l . 'l : ; ' l.' . s
i SRR R, R SR SN AT 3—27 For reasonable load lead lengths, remote . .S{_
' ' : R 'senslngf greatly lmproves the performance ‘of the . g

_ "+ supply. i However, if the 10ad is located a consld- R

R erable dlstance from the' supply. added precautions . .,
K .- must be observed to obtain satisfactory operation,

Notice fthat the voltage drop in the load leads sub- AR

3-23  The Impedance (Ry) looking into the external

S
'




':'tracta dlreotly from the' avallable output voltaqe
.and also reduces t}tq amplttude of the feedback 'er~ -
cause of these: factors it is recomrnended that the
drop 1n each load lead rict exceed l Volt a

p larger drop must be tolerated. please consult a @

‘ Due to the voltage drop ln the load
o leads. ‘it ‘may be | necessary: to readjust
' the current llmlt in the remote aenslng

ror slgnels that are developed within the'unit, Be- ..

e ages of the- lndivtdual supplles. Each of the lndl— )

“vidual suoplies must be .adjusted in order to obtaln
. the total output voltage :The power supply con=-
tains a proteotlve diode connected tntemally

R -across the output which protects the supply if one ‘l\; R

‘power supply ls tut'ned off whlle its serles part— :

‘.'sales englneer’ I 5 WU r\er(s) ls on.
: : : !.\.f' ‘ ',‘=! ) , ‘ o : i
VR o " ' '.:’ 13-32 Auto-Serles Conneotlons (Plgure 3- 8) 'l‘he ¥
. uo'[g . o K Auto-Serleé configuration i5 used when it is de- -
. sirable to have the output voltage .of each of the - -

gerles oonnected_‘supplles‘very in acenrdance with’ -
the setting of 'a control unit, The control unit is
-called the master; the controlled units are called: .-

SRy mode , - slaves. At maximum output voltage, the voltage
el ‘ : L of the slaves is determined by the setting'of the
R AR TR - . front panel VOLTAGE control on the master, .The
REREERY: 3-28 Another factor that, must be consldered is ' master supply must be the most positive supply of
G kthe lnductance of long load leads Which could af~ - the serles. .The current limit settlngs of all serles
i fect the stabtllty of the feedback loop and cause . SR e T b '
R j- o osclllatlon. In these cases, it {s recommended v i ; ' B ' ’
B .. that the output oapacltor (C20) be physically re--," s I B \
%+ 'moved from the power supply and placed across - ' c 4
oo !the output teminals. =y o i ALAS A8 MO 45 b N0 - -5
Lot Y Y C : ' - , Q Q MASTER ., ™
3-29 Altl;ough the strapplng patterns shown ln O P =" v
Plgures 3-4:and 3-5 ‘employ/local sensing, notlce vy T ' :
" that it'is possible to operate a power supply si- - . , KR ' g
multaneously i’ the, remote senslng anul the remote I s . il B o
programming modes, :”‘w, R N P R ¥ A a5
ok " !J'i. R P DR —
3-30 szams opgmnon o ‘“—,- o | d.\ \a
| .' ‘l' '
' 3-31 Normal Sertes Connectlons ]Flggre 3-7) R 3 é m ?o T ? s?o 2lo e:.lnvz '
_Two or, more power supplies can be operated tn * ST AT AR T -5 NN B
" serles_to obtaln a higher voltage than that avall- Bt =
" able from a single supply,’ When this configiration ;AT AS A8 AIO+S '+ GND - -5 - C
i is ue‘ed,' the output voltage is the sum of the volt-. Q 22 Q ‘ Q@ @ MASTER .
| B o ;_. e ‘}l-' i ‘. X T Px
U AT'AG AB AIOS + GND - =5 . .. | T
QRrigipleler =k | ar aslan a0 +s !
N S T~ A T~ ] A ’
5 R . C b d "
R S SR, BRI o ke
v N 1. B SR .
*") 1 . _'!‘- -:‘ X R . . 3 ‘_- . i
P STCI ) ; B R o L
nnn ' I" ) N !
B [b[dé eé]aj SRR N S Y S P e
. Ty SLAVE
;1 /AT A6"AB AlD 43 + OND = =5 S oo @ ole|d|e NO.Z i
" ' K ;AT AB AB AIO 45 +.GNO -~ -5
R
+ Flgure 3-8, "Auto-Series, Two and Three Units
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: ‘reslstors.

- clent’ dnd stahlllty. speclﬁcations of the power Pt
_supply. the external :eslstors (Rx) shown in Flgure‘ i
3-8 should be stable, low noise, low: temperature
" coefficient (less than 30ppm per degree Centigrade)
The value of each resistor is dependant -
“'on the maximum voltage ratlng of the master sup=- .
'ply. ,'The value of Ry is this voltage divided by the ; i
- voltage programming current of the slave supply‘ o
. (l/ where K_ {8’ the’ voltage programming coeffi~
‘ 3 The voltage contr‘butlon of the slave is'

: unlts are effectlve andthe'ohrrent llmlt for the S
entlre conflguratlon is equal to the: lowest current’. _
Ilmit settlng.- If any ot the settings are too low;
: autornatlo crogsover to current llmltlng operatlon :
_[wlll ocour ‘and the output’ voltage will drop,: 'Re=
‘mote’ sanslng and programmlng can be used' how-\
'ever,. the strepptng arrangements shown in the ap-' b
pllcable ﬂgures‘show local senslng and program-‘ o
' : ‘ “ " put current of each slave will be approximately.
g equal to the master's, regardless of the load condl-

bl : I:}‘::". i

deterrnlned by lts vo(tage control settlng.,.

3-34 Ltgto-Paralle ’The strapplng pattems for

- Auto-Parallel operation of two and three power sup~
....plies are shown'in Figure 3-9,; Auto-Parallel op=
. eration petmita equal current sharing under all load
_ condltlons, and atlows complete control of the out-,

put ‘current from one master power supply. ‘The out=

tions, - Because the' output current controls of each

“-slave are operative,’ 'they’ should be set to maxtmum
“ to avold having the slave’ revert to constant clxrrent

: _operatlon, this would occur {f the master output o

: ;,-current setting exceeded the slave's,  In Model "

6205B. it is necessary to make internal connectlons

. in order to operate the supply in this mode, ' The.

Internal oonnections. speclﬂed in Flgure 3-9, ‘are .
made to. the sampung ,termlnals ‘of the current sam- »

“pling terminals of the current sampling reslstor,
- R54 {see I-‘lgure 5-2)
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3-35 AUTO-TRACKING OPBRATION (See Flgure 3-10) "ot desired. set the' ‘preset limit for the peek re=
O DI o qulrement and not the ave'rage.l P f

3 .'.l'he Au Tracking conftguration 15 usecl L e :" . T ;"f_’. . : \.
when'it is’ riecessary that several different voltages B
referred to a commorr bus. ‘vary ln proportion ro the 'r 3 41 OUTPUT GAPAG”‘}.!F,QE R AR L

T Cne i N e

setting of a particular’ lnstrument {the control or
master) TA fractlon of the master 8 output voltage
is fed to the comparison ampllﬂer of the nlave sup

3-44: An internal capacitor, - across the output ter= ' - o
mlnais of the power supply, - helps to supply hlgh- ok
‘ current 'pulses ,of 'short duration during constant . . S N
ply, this controlling the slave's output.’’ The mas- EE voltage operetlon. / Any capacitance added exter- ' .

- ter rnust have the largest cutptrt voltage of any = .. - By.will B
. power supply-in the group (must be the most posi- nally will Improve the pulsé current capabllity, but, X

wlll decrease the safety: provtdeq by the current "
. tive B“IPPIY in the exemple thf"f“ on Flgure 3'10) i+ limiting’ clrcult. A high-clrrent pulse may damage '

"load comnonents before the average output current .

3 g 37 The' °"tp“t voltage of the slave 1s & percent  1s-large enough to cause the current llmltlng cir=

age of the mester‘s output vcltege. and is deter- . o .
‘mined by the voltage dlvlder consisting of Rx for. .- cult to operate _ ol ‘i' A !

g gﬁp;'{: R}{) “':fh;h,: voltage gontrol of the slave ' ' 3-43 RBVER.SE VOLTAGE LOADWG o
i ] pa, ..

EMRP P Vi | ' ‘ :
Rx + RP A 3-44 A diode is connected across the output ter- :

: " ) minals, ' Under normal operating conditions, the .
‘ 'l‘urn-cn and turn-off of the bower supplies ts con- . _ diode is reverse biased (anode connected to neg-

“‘trolled by the’ master, ' Remote sensing and pro= ative terminal), | If a reverse volta -
" ge is applled to
gramm;ngt:an be:dsed :lthouglh :he ritrappling patd :. the cutput terminals (positive voltage applied to.
- tems for these inodes show only wt: sensing an .- negative terminal), the dicde will' conduct, shunt- .
programming. . In order to maintaln the temperature . .. ing current across the output terminals and limlt-
coefflcient and stablllty.speclﬁcations of 'the pow=-  ing the voltage to the forward voltage d £t
er, supply. the external resistors should be stable, g g voitage drop of the

" 'diode, " This diode protects the serles’ translstdrs R
ow nolse, low temperature (less then 30ppm per - and th e output electrol ytic capecltore ‘

3 Es'

3-45 szrase bURRENT I.OADING v PRI
B '-‘|" . }.f‘ : ";"' . o ‘._'u"‘ h .
"'-'.'ﬁ . . "_‘ o i 3-46 Actlve loads ccnnected to the power- supply :
: ' o may actually deliver a reverse current to'the power .
‘3-‘-40 'I'he power supply will automatlcally croee .‘ o supply during a portion of its operating cycle An
over. from conetant voltage to constant: current op- S external source cannot be allowed to pump current’ ,
‘eretion ln response toan increase (over the preset ~ into the supply without loss of regulation and'pos= "~ .. .
Timit) in the output Current,  Although the’ preset!.’ . sible damage to the'outpit capacitor.--To avold - '
Iimit may be set’ hlgher than the average output " j .. these: effects, it 1s: necessary to preload the sup-
current hlgh peak. currents (as occur in pulse Ioed- L .ply with a dummy load resistor so that the power
‘lng) may exceed the preset current llrnlt and cause._ i supply dellvers current through the entlre operat- 3

crossover to occur. If thls crossover llmttlng ts Lo lng cycle of the load devlce

',"r'
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4-1? ov:nnu. osscmmon B

‘ 4-2 Ptgure 4-1 shows one sectton of the Model
} 62058 dual power ‘supply.. The supply consists of
v two dual range sections; each tder-tlcal to the. .
"'other,: Each’ section consists of a rectifier and fil-

" ter, a series regulator. an error ampllfler nnd driver, -

"'._ a ‘constant voltage input circiit, a current limiting

“y

clrcult, areferenoe regulator clrcult. a bias supply

and a metertng ctrcult. Since, both aectlons of the .
supply are ldentical. only one aectlon ls descrlhed

below. B

4-3 ! The ac: llne voltage ls ﬁrat applled to the

‘E.fl .’.

power transfonner. The tap for the' approprlate

fvoltage range 18 selected by-52, The input is then

rectlﬁed and fiitered, This raw dc ls then fed to.
the aertes regulator which alters lts oonductlon to

obtaln the proper regulated dc: output voltage. e

4-4 Any changes ln output voltage are felt by the

' constant voltage comparator. which vompares a

) portlon of the output with a fixed reference voltage. "
Ifa dlfference exists, the comparator circuit sends .
an error signal to the series regulator via the, error

~ amplifter and driver. atagea. 'I'hls error algnal

- changes the conduction of the serlea regulator s0

“that a constant output voltage is’ malntalned

4-5 Changes 1in output current are reflected In'the .
voltage drop across the current sampling resistor ‘ -

1.

" network.' If this voitage drop exceeds B preset .

t

'limit, the curmrent limit transistor conducta. sending '
a turn-down slgnal to the serles regulotor via the. .
drlver._ Thls slgnal changes the concluctlon of the ‘

s

v



serles regulator so that the output current ls llrnlted

to the proper value. - Sl !..

RS

4-6 . The' reference clrcult provldes §table refer- g

ence voltagea ueed in the’ constant voltage: compar—-

"ator and cwrent llmlt cireuits, The biag circuit’

provldea the less crltloal blas voltages used in the -

i t

supplv-] R Dot

4-7' The meter, clrcult provtdea a contlnuous lndl—‘

catlon of output: voltage or cwrent in both ranges. :

4-8 DEI’AII.ED clncurr ANALYSIS
4-9 PEEDBACK LOOP o

4-10 The feedback loop functlons contlnuously to

keep the output voltage constant during normal op-
eratlon of the supply. For purposes, of this discus-
'sion, assume that the output voltage instantane-

ously rlses (goes’ poaltlve} due to a variation in the"’

extemal load circuit, Note that the change may be

‘in'the form of a slow rise in the output voltage or 8~

posltlve golng ac signal. An ac slgnal is coupled
to Bummlng polnt A6 through cepacltor Cl and adc
VOltage is ooupled to AS through R10. N

‘4-11 The rise in. output voltage causes the voltage "‘
‘at'A6 and thus the' base of QlA to decrease {go neg-

atlve) QlAa now . decreases its conductlon and its
collector voltage rlaea. The posltlve going' error
voltage is ampllfled and inverted by Q3. and fed'to

the base of the 'series transistor(s) via emitter fol-_l'l- . and the current pullout resistors, R12 and R13,

lower Q4. The negatlve going input causes the .
serles’ translstor(s) to decrease Its, conductlon 50
‘that it drops more of the line’ voltage. reduclng the,
output voltage to lts orlglnal level. ‘

4-12 ‘If the external load reslstance decreaaes to
‘a ‘certain’ crossover polnt. the supply. will operate :
ln the current llrnltlng mode. ‘In the current Iimit -
rnode,\QlO conducts sendlng a negatlve golng.
turn-down algnal to the serles regulator via drlver
Q4 i T
4-13 SER!S REGULATOR , S J

‘- 'u-.‘x

; |.'=

4-14 The aerles regulator conslsts of translstor.
- stage Q7. (and G6 on Model 62068}, The regulator
-gerves as ‘3 aerles control element by altering its

conductlon ao that the output, voltage is kept con- -

stant and the current limit is never exceeded. The .
conductlon of the transistor(s)is controlled by, the
" feedback’ voltage obtalned from drlver Q4. Diode

“CR11, connected across the regulator clrcult, pro= "
tects the series translstor(s) ‘against reverse volt— .
ages that ooulcl develop. across it duting parallel or;,

auto-parallel operation lf one aupply is turned on
before the other. N ,

4-15 CONSTANT VOI.TAGEaCOHPARATOR

egrr e

4-1l5 The clrcult conslats of the coarse and. fine .
prograrnmlng reststors (R10A and thB), and a dlf-

ferential ampllﬂer etage (Ql and assoclated com— ;l‘__‘

S
S

' housed in a’ single package. -The transistors have

o matched ‘characteristics minimizing dlfferentlal o |

" voltages'due to mismatched stages, “Moareover, -
drift due to thermal differentials is minimized, |
'stnce both translstors operate at essentlally the
same temperature m r"., .

-, 1y compares a fixed reference voltage with a por--

" tion of the output voltage and, if a differente ex- .

lsts, praduces an error voltage whase amplltude ‘

" and phaae is proportlonal to the difference, The

‘error output is fed back to the serles regulator, |

through the: (mixer) error and’ driver ampllﬂers, The
.' error voltage changes the conduction of the sertes

: ’regulator which, in turn, alters the output voltage °

) 80 that the difference between the two input volt-

"o zero, The above action rnalntalns the output
voltage constant. , . _
‘ \ \

gl Stage QlB of the dlfferenttal ampllfler is |
connected to a common {+S) potential through tm~
.pedance equalizing resistor R5. Resistors R6 and‘
.-R8 are used to zero bias the lnput etage. offset- -
tlnq minor base-to-emltter voltage 'differences in
01 'l‘he base of QIA 'is'connected to a summing
polnt at the junction of the, prpgramming reslstors

Instantaneous changes in output voltage result in

- an lncrease or decrease’ in-the summing polnt po- R

- tential,. Q1A is made to conduct more or' less, in
accordance with summing’ polnt voltage change, . /
"’The resultant output error voltage Is fed back to
the series regulator via the remaining components '
of the feedback loop, . Reslstor Rl, in series with
. 'the, base QIA. linits the current through the pro-

‘ 4-17 The constant voltage comparator contlnuoue- o

ponents)' Transistor Ql consists of two transistors

grammlng resistors during rapld voltage turn-down.- : '

o ': Diodes CR1 and CR2 form a limiting network whlch

prevent exceaslve voltage excurslons from over
-driving stage QIA. ‘ 1Capacltor Cl, shuntlng the

o ' programming resistors, Increases the high frequen- '
., cy'gain of the input amplifier, Resistor R13. shunt-

lng pullout resistor R12, . is factory selected 50

. R12 and R13. Linear constant voltage programmlng.
. s assured with a constant current £lowlng through -
“ R10,. . C20 stablllzes the feedback loop and may be

programrnlng speed ) X - l' : |

q .
4-19 ERROR AMPLIPIBR AND DRIVER :

4—20 The error and driver ampllflers arnpllfy the E
error signal from the constant voltage comparator

" regulator translstor(s). Driver Q4 also recelves a

translstor. conduqts o

removed to avold cun“ent £urges and lncrease the .

" current limltlng input lfJQIO. the current llrnltlno -

ages applied to the dlfferenttal amplifier is reduced .

v
A

P

, ‘that'all of the +6,2 Volt reference is dropped across. |

)

_circult to a level sufficient to drive the serles — .

t ;




' work,’ 05 and R30, which provides for high fre-.

:quency roll off in the loop gain in order to stabilize

~the feedbadk loop. : Ql7 estahlishes a stable emit- \

Do ter bias potential for error amplifier Q3. Bmi,tter ,
o follower transistor(s) Q4 (and Q5) serves as the -

s t“- B 5 W
P e .

4-22 CURRENT I..IMIT CIRGUIT BRI
l’ oot

4-23 The burrent limit circuit llmits the output

" current to a preset value determined by the setting

- .of RB1,. Switch S2B selects the proper sampling

"‘resistance to maintain an equal. voltage drop across ,

i

the current sampling network ln both ranges. A ‘, .

4-24 When 52 is set to the 20 Volt posttion. R54
and R55 are connected in'parallel, When 52 is set.
“'to the ‘40 Volt position, the current sampling net- .
work consists solely of R54, ‘Note that in the . * .
twenty Volt range, twice as much current can be
delivered as in the’ forty Volt range,- Since the '
twenty Volt range has a sampling resistance equal

‘.\- ‘to half the value of that for the forty Volt range, an . -
equal sempling resistor voltage drop is obtatned‘in -

both ranges. This also applies to sz in the 52063 -

Cge25 RBI sets. the blas of QlO. and thus, the'
"'+ threshold point at which Q10 conducts ahd current
e i limiting begins "If this threshold is exceeded. QIO

' ".-'hegins to conduct, forward biasing CR16 ‘and send-l'
fng a tum-down slgnal to the series regulator via .

the driver, . If the current through t.he current'sam=-_

' Q10 tums off and no longer affects the operation oi'
i the supply. SRR S SN _ :

“4—26 REFERE'ICE CIIICUIT ,é}, S

. -27 The re!erence circutt (see schematic) is a _
.‘,t’eedback power supply similar to the main’ supply.
I provides stable reference voltages which'are
-used throughout the unit.’ The. referer...e voltages
“are all derjved from smoothed fic’ obtained from the
“full wave rectifter (CRZZ and GR23) and filter cap~'

Y 7" " acltor 10} The #6.2 and ~6,2 voltages, which are | .
%" used in the constaut voltage {nput clrcuit for com= - .

e parison purposes, are developed acrdss tempeiature
'~;compensated Zener diodes VR1 and VR2, Resistor

establish an optimum hlas level

i Stage oa contalss a feedback equalizer net=

driver (end predriver) element for the series regule-¥ -

.- pling network decreases belaw, the threshold: point.

"R43 limits the current through the Zener diodes to.

¥ 4-28 The reference circuit consists of series reg-

ulating transistor Q9- and error. -amplifier QB, Out-
o put voltage changes are detected by QB whose base
s connected to the junction of a voltage divider F

(R41. R42) ccnnected directly across the, supply. .

. Any emror. signals are ampliﬂed and inverted by Q8 '
and'appliéd to the base of serfes transistor Q9,

_The serles element then alters its conduction in the L

direction. and by the amount, necessary to malin-
‘tain'the voltage acrofs VR1 dnd VR2 constant, Re-
sistor R46. the émitter resistor for Q8,is connected
in a manner which minimizes changes in the refer-
ence voltage caused by, variations in the input line
Output capacttor c9 stabilizes the regulator loop.

’4-29 nsrsn CIRCUIT (Filure 4-2) v
. ll L ot

' 4-30 The meter circuit provides continuous indi- v
| " atlons' of output voltege or. current on'a single
- multip e range meter. The, meter can be used efther
. asa voltmeter or an ammeter dependiny t upon the -

position of the METER section of switch 52 oh the .
. front panel of the supply. This switch also selects

- one of two meter ranges on each scale.. The meter '

- circult consists of METER-RANGE switch 52, vari-

ous multiplying resistors and the meter movement

4-31 When measurlng voltage. the meter is placed
+ directly across the output of the supply between

" the +S and -5 terminals, With the&ME'rf-’R Section

‘of S2A in the higher voltage: position (terminals .v I

- and Al0) multiplying resistors R60, R61, R72, and
the parallel combination of:R73 and RB7, are in -

.. serles with the meter, For low output voltages, the
METER switch SZA can be set to the first. position
" (terminals 1 end 89) which removes R61 from its

i sertes position allowing a ‘larger percentage of the .

1

output voltage to be felt 2Cross the meter. :

4-32 When measuring current. the meter‘circuit is
' connected across the current sampling resistor.

oy network as shown on Figure 4~-2 and indicates the

v output current that flows through the network, The

" RANGE section 528 connects the’ appropriate re-"
! sistance in series with the meter 5o that its maxl= '

“mum deflection range is full~scalé in the high cur-

[

iy

Ty

rent. (low voltage) operating mode and half-scale in - .

the low current (high voltage) operating mode. This
circuit cbviates the need for.a dual current scale -

_ which would be necessary since the voltages drop- _

ped across the current sampling network In both

o operating modes are equal for proportional currents.
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‘ Lo MRS (TR R , - OUTPUT TERMINAL My A, y
n\‘mcetpt of ﬁle power supply. the per- " o REEECAR M @ \ . y . .
formence check (Pekagraph 5=10) should he made, R 5 oy ﬂ % " Mo
Thts checlod \suitable foritncoming inspection If . T N s e e REUAE
N .a fanlt is. deteoted in the power hpply while mak~ i o0 LEAD e R v
’,';_-\.n 1ng the perfom nce check or du ]ng normal opera=- e R . ;
‘ ,tlon. proce,ed 1o, the troubleshooting prookdures ) o g . MONITOR HERE L
\: - 5 \
3 : ' ‘ , f?t. . ) !‘:“1‘1”
\ i W
ments ‘and caubrat ns (Paregraph 5-60).\iBefore : L g S L e
o retumtng the power upply to normal Operation, 4y Figure 5=, Pront Panel Terrninal Connecttons SRR
- repeat, the performanc check to ensure that'the - el T DV )"
fault has been proper Qcorrected and that no other . ' . ... ' T N -
i _faults exist, 'Before do\lng any maintenance checks,'w ' YUy o RN
: “ turn=-on power supply. ailow a half-hour warm-up, : — - R o
; .,and read the ‘general lnfor?atton regarding meas-, | B URRENT. sn;wu‘ue S A
oy ' urement techniques (Para ph 5 3) R St e © TERMMNALS | e
: ' ' e 70, uuanounnrn ,,,,, 10 cnounn:n N
" 5—3 GENERAI. HEASURE”E T TECI'INlQUES A ERMINAL OF - , g TERMINAL OF ' .
: - Ty powen surm' Y sampLing N POWER.SUPPLY ']
: e T I L £ _RESISTOR. R R
‘ Iy .. 2! o oy, -~ Loap v [ r
The measurtng devlce must R TE“'MLS-_ - L
: ecross the sensing leads of the su) ply or as close AL $
i to the output terminals as possible'® \ hen measur- ! ’ LA o . R
ing the output impedance. transient eponse. reg- Figure 5-2. Output Current.Measurement Technique. ~ = :
~ulation, or ripple of the power supply n order to S SR L f -
., “achlieve valid meesurements. A measu ment made R S SN R
: across the'load Iicludes the impedance of the s v o) AT |

shave en tmpedance several orders of magn\.ude o

; ' greater than the supply tmpedance. thus 1nvaltdat-.‘
. 1ng the' measurement T '

;.5-’-5 The . monltorlng devlce should be connecte

to the +8 andr-S termlnals (see Figure 3-2) or as

v ,rshown in Figure 5-1 The performance oharacterls-

: “tics should never be ineasured: on.the front termi-""

)5 nals if the load is connected across the rear termi-'
‘ nals. Note that when meaeurements are made at i
P the front. termtnals, the monitoring leads are con~

nected at A, riot B, as shown in Figure 5-1, Fatl-' )

ure to oonnect the meesurtng devtce at A wtll re-,

‘-of the Ieads between the output termtnals and the
_‘potnt of connecttort e

'.‘Ieads to the' load and su-‘h lead lengths cap easily
.1 sampling'resistor should be a four-terminal resis=""

- ature rise will be mtnimized

1y '§-6 - ‘For output current meapurements. the current

- tor, The t'our termlnals ‘are | oonnected as shown in."
Plgure § -2, In adultton. the reststor should. be of -
the low nolse. Tow. temperature coeffictent (18551 .
than 30pp"n/°C} ty'pe and shiould be used et no ...
“more,_than 5% of its rated power so that its temper-— R

[ ..
' i l.‘
. i 1,7 . 1
o . -,) P e ' .
' " l . N

5-7 . 'When ustng an osctl!oscope. ground one ter- . '_
minal of the power supply'and then ground the case "~

o of the oscllloscope to this same polrt Make cer~ -

in that the. case s not also grounded' by sohe I
sher means (power line), Cornnect both oscillo- . "
pe input {eads to the power supply ground ter-
minal and check'that the -oscilloscope is not ex~"  }
hihﬁtng a rlpple or transient due to. ground loops. :
ﬁ
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‘ 5-9 'l‘eb! 5=1 ilsts the test equipment requtred . S o
“to perform the vartous pl;ocedures delcrlbed in this X Vo ", U RN
Section.-\-. S TN A P | . Lyoe .
= J‘: ‘ o : ‘[ : \ . . l.
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S . L
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u'nttal voltmeter i5'to arrangeerefer— o b b e et L
-ence, voltage source and nuil detector : _* SO § TR TR [N PR
‘ap shpwn in Figure 5-3, The refer- e e T lged ) _ -
SN ence voitage source is adjusted 50. TAPER N N DT avuy s d UTERN RPN P
het the voltage difference betwsen ' . . N L i ! -

e supply being measured and'the. -~ !l P - NI
,;eterencevoltagewlllhave there-:'' " ... . v o BN o :
o quired resolution for the: measurement T thure 5 3 ‘leférential Voltmeter Substitute. an

- .

; Jwill be-a £unctlon of the null detector ‘ L w_ e e
'thet Is used, | Examples of satisfacto—" ) R N g '. o L

o detector. a dc coupled oscilloscope ST e—— UAUTION———— .
: utmzlng dlfferentlai lnput. ora 50mV - B B peo LT
* meter ‘movement with a 100 divisfon - - Gat'e must‘ be exerclsed when uslng an S

.scale, For the latter, a 2mV change in' - >+, . .. electronic, nbll .detector. In which one _ ""‘ .
" voltage will'resultiin a meter: deflec= ' .  input terminal is grounded to avotd' ' v ' 0
o tto f four divlstons B P _f}' L ground loo;:is and circulating currents. o '

[ o CoE v . : . . L | TN
o o T e, T R S " .‘\H' '." ooy L A I"nr ,I v
vy = b  Table 5-1, .Test Equipment Required .- = :: ' .= 7 .
- S T i SR T CaLh e ‘»'I"\.‘ oy
Py T S Ve o T Foy ot S ' BN

CU . REQUIRED Ul b gsp L RBCOMMENDED N
'cmmcrsmsncsp;_ I R Rt AR R MODEL + | -

i . [ [

o . A B ;z' S e i

"Sensitlvity' ImV t‘uu scale e -}Measltirejdo' voltages; .- & '3420;(|See Note} .
{min,)., ‘Input tmpedance o calibration procedures - N EORETE TR R
--,10 megohms (min,). o '.;, e e R T TR I

.;.‘ A . P PR | o A I (R e ot
. . o v R s R R

T ’."" ar ‘ [ e R TR | v b .'!‘, - :';'; “! B A :‘ ' ‘ ' b ;
~~Variable ', Range- 90 130 Volts ., | Vary.ec input. 0oy j" clmmem
" Voltage " '| Equipped with voltmeter ac-' Gl RO PR S
R L :curate \)Nlthln 1 Volt. SECEURES EL -;-w-:_' O S SR

.‘! e U I kNP ,' ) ‘,' S l-'.. I RS Lo N ‘

A ‘Accuracy. 2%, Sensittvity--“ : Measure ac voitage and | @3 o s
: ’lm‘V full scale deflection ” - " ripple T T R L TR
(mtn.) e ;.»" ol P D b

T 11los Senstttvlty. IOpV/cm. thfer- Display transient response @"Nb Aplus :
SR enttel lnput R waveforms o f,. ,, . | ¥402Aplugin. v ' [

RN ‘ g‘ o ;’: R . R R B .\'”.‘,“_ w0 ,!
... Oscillator’ ' Range. SHz to 600kHz, : Impedance Checks.. o & 200D 0
S 'AdPUracy. 2% o g C R R ‘ ’

L I T B

.-'-"-D(".:;“\_"ol‘tmetei- Accuncy. 1% Input reﬂst-..‘ Measuredc voltages ‘ & 412"A,' R
el ] ahees, 20’.000 ohms/Volt{mln.) X IR e g e

Repetitlve Rate' 60-400!-!2. Zpsec rise
‘) Load Sw!tch and fall ttme ' A

Vl‘ 1 i' : S

: '-j)-; o ‘.
See Flgure 5-6 =
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B . R i
o EE
:J:‘ _‘. N kl
SRR deumsn | ‘ USB :REBBMMENﬂED'_ S
‘ J! CHARACTERISTICS f.‘“i ,i".;'." ‘ : “r ok “ ey ! 'MOPBL, e ‘ :
RN o SRS = A b o .
52043.52055, 1aan.e1oes 1sw ‘Load Reslstor, HIGH'range ' [ . ' i===m:
-+ | 's206m;; 1202, ERUED A N S R B ERNRR
v o Vo K : l | . o ..l‘ A T st o
Value. Sm 0 5%. 4,5 Watts, | Current'sampling =~ " . ‘ R54 or RSS. RN I
. ZUPPm. 4-'I’e_nnlnal e e SectlonVI R
tor' | Value: ‘62048 and i szoss zs | oad resistor, low range; -, |, '-.---” e
. ": zw (mln.). .,‘ .': : BRI “.lr‘l“.ll:._."‘,l ' "_‘ I "“ P Vo g‘... \
.. |88, 27 10\23(min) SO e s e
llﬁ-t:k 1')6. 2Watt non-lnduc- ' Mgaeur‘é lmp"e'c_l'ance'-,“ Lo G e s
" Resistor ¢ 100 ohms. ﬂ:S%, 10 Watt I Measure tmpedance S TR i R (RERREN
EEESTRRTRIE I v ‘ R PRI O Lo SR
“'Reststor - 1 Value- Ses Paragraph 5-57 \Callbrate programmlng current R et AR R
T T N T o U E T e
SIS ,I. s ‘i"' ’ ‘(.-‘.‘.. . s : .;..I"“ - 4 e ':\: .‘.‘... T e ! k ' \ I.r"‘.. : “‘:‘. R ‘”I '."' :' .:' I ' a
o ‘fCapacltor—'Lr soopf. SOWVdc S -Measure tmpedance”- L e
“‘4 ! Co . i . o \ * . ’ * o
Range: 0-150K (min.). SN Measure programmins B R
‘Accuracy:’ 0,1% plus:1 ohm © - coeftlclents U B IR I
Make-before-break contacts. T P L S A i:
ARSI B P M T R R L
VL _'-,).‘. N !-.:l ) 3 . .' J . _.‘;,'.2"1 -. ‘ e . , » L PRy ;,v‘."‘., "‘
. I }_ ‘ RN : ! ',:“7 S : IR R
; 5-10 PERFORHMICE TEST S ‘ LR leads to the load and such lead’ lengths can easlly
'!’ i - S - have an lmpedance several orders-of magnitude”

ol »5,-11 'l‘he l'ollowlng test can be used as an lncom- i greater than the supply impedance (1 millichm at
v ing’ lnspectlon check and, appropriate portlons of ' 3 dc). thus lnvalldatlng the measurement -, Ty
he test can be repeated elthertocheck the' oper-,: N ARV (R . ST R
ation of the Instrumenit after repairs or for perlodic ' j ' 514, To avold mutual coupllng effects, each L
.malntenance tests "The ‘tests are performed uslng R monltorlng device miist be connected directly to”
a 115Vac 60Kz, slngle phase input’ power source.” .~/ the'sensing terminals by separate pairs'of leads. o
-If the-correct result is'not obtalned for a particu- £ - The ‘load resistor. 1s'connected across the output - .
. lar chieck, 'do not ﬂdiUSt any controls, proceed to ' 'terminals and mist.be selected according to the _‘
troubleshootlng (Paragraph 5-48) ' : g output voltage and current of the supply, When =  ©. ..
: RIS ’measurlng the constant voltage performance Spec-'- ”
. o _'ifications, the CURRENT controls should be set ..
o NOTE,,f T well above the maximum output current which the
e e supply will draw, since the ‘onset of constant cur-""
" Por, Model 6205B aupplles, the follow- ‘.70, 7 rent action will cause 'a drop in output 'voltage,

f_‘ . ing performance checks shouldbe ' " . " increased ripple,’ and other performance.changes ',
? : 4 performed twice'in order to check both "I " not properly ascrlhed to the constant voltage op-"
\#’ ‘ _lndependent secttons of the supply. o eratlon ot’ the supply. ' ‘

.’._‘ BT

o ' SRR 5-—15 Voltagg Outpug and Voltmeter Accuracy;, '1‘o
-12 consm:r vontacs n—:s'rs U Ueheck the output voltage, proceed as follows; =~

: ' 3 st &, Connect 133 ohm load resistor {120 clhms
o 5-13 l-"or Constant Voltage measursments. the S for Model 62068) across rear output termlnals of
L Jmeasurlng devlce fnust be. connected across the .. supp[y_ :

_rear sensing terminals of the supply in order to- ' . s b, .. Connect dlfferentlal voltmeter across +s

’achleve valld lndlcatlons. A measurement made Lo and -S termtnals ot' supply observlng correct polar- ‘_ ’
._across e load lncludes the lmpedance of the ; 1ty. RSN S A N Pl
; o ) RN
! ! : Vir it




. for Model BZOGB supply. A Vi
. . ]’L)_.”% AIJ_ v R “ le ; .
. . : ! o ;' B ' . , -' \ A ) '
! _-_5-16 _Qutout Current and Ammeter Accuracz, o, Mo e S
check the oltput current,’ proceed as follows: g o POWER S_:_JESLY.' ST KN
-- “; Gonnect test setup’ 'shown in Flgure 5 4 I R =ER‘, T PR SV ‘ ‘
L. b," . Set METER switch to lowest currént.. . R SUD-U! RO v
range and RANGE swltch to’ hlgh voltage rnode. it RO ot : .
o ..’ Tum on. supply and .adjust VOLTAGE- con- . 'l IR A B E i RO
i trols untll front: panel meter lndlcates exactly 300 5, S B 2l R -
(0 5 Ampere for- Model 62068 supplies), . BT PR Ry ; . ,
N i, leferentlal voltmeter should read 1 5 x o Yoo . E :
0.045Vdc. G R N S .._ B R Ry o
: S e DR s . ’ " RS
: ..t. REETEI i . ‘ .f\“ T T .l'] v, 2o :
T R, HE!lBTlNCE fﬂ""S’ | Vo P e s e ] oeremenman L
L[ MR N e | Ry | ST BT f.-" -] oveurmerer | !
leeoam | s e | )b T +\,s Bk
U AT 62088 LI STELINN U ERE SN PR S e ,
‘ POWER SUPPLY 'l 820.0 . 'ul', : nr ! .‘ \|_1—: } . .!‘_’. R b ‘ . J ‘ h Y . ' } i
LCUNDER TEST o | vt s e ' '-, . "
N - ol ' , ] : “’ R
. . y ) N I . Vol i
“lr L K b P .;I‘4s|. ‘ '_'..' "‘ R R - ; I‘.', - ) ".‘ \ . i
[ [ pee s, s optatto, Testsenn 1
. A : L A R DU TR I S f i :_f‘ A e
Ciicumment -3 e Y I AR _? R ST ‘
;' SAMPLING.|°. Q@9 . ] : LT -." S
. RESISTOR — "5-19 Line Regt_tlatlon, Tt TR
. : ' o Deflnltlon- The change,. ABQUT tn the T
" static value of dc output voltage re~ -+ V. pe
sulting from a change in ac input.yolt- . I
0.0 . age over the spectﬁed range from low . I
BRI llne 10%1 less, than nominal to high J' s
- lire 10% more than nominal or ‘from T
hlgh llne to low llne. NS — T e
. v 5-20 'l'o test the constant voltage ltne regulation. S j'_
_,5 17 Loac'. &gglatlon,;,,,: A proceed as follows: ' . - - 1 R
— . Definition:: The. change AEQUT tn the L ‘:'f- S ey Connect’varlable ahto transformer be-' o hag
stattc value of de output voltage re- e : tween lnput power source ancl power supply power R
: meultlng froma change in load reslst- ‘ lnput ot ’
.ance frorn open | clrcutt to a value " ' : b Turn CURRENT controls fully clockwtse
'whtch ytelds maxtmum rated outputv : C. Connect test. setup shown In Figure.5- 5 )
i current (or vlce versa) l iw o Cd, Adjust varlable auto transformer for low
' v Ty line (104Vac) R
‘ 5-18"To chock the constoot ‘voltage load rogula- S Set METER swttch to hlghest current .
- tlon. FIOCBEd as fO‘lOWS' b ’ : o x range and tum on supp[y. g v b ;
N Connect test setup as shown ln Figure \ ‘Adjust VOLTAGE cohtrcls until front : N
5, ‘ panol voltmeter lndlcates exactlv the maxlmum o
"; b Tum eURRENT controls fully clockwlse ra;ed output voltage, = - T
- 'Iurn-on supply and adjust. VOLTAGE con- . “"Read and record voltage lndtcated on. L
trols unttl front panel voltmeter lndtcates exactly dgffepenual voltmeter. v g
tho max!mum rotod output voltage, .. ‘ ‘h, Adjust varlable auto transformer for htgh :
: ; llne (126Vlc) S T ,
; » , . " .JJ\.-_‘,’-‘» o u
o . o 4 \.‘!.
B N g i
U i ! i g s

or f
. mot’ vary from reading’ recorded in Step d by more’ . P

et e O s :
.. .
B FE st

ferenttal voltmeter. : :
‘ Dtsconnect load resistors '
Reading on dtft’erential voltmeter should

",than 8mVdc.for Models 6204B and 62058 ¢r lombde -




not-uvaryi'rom reading recorded ln Step q by mcte:
than 8mVdc for Models 62048 and 62053 or IOdec
1for Modei GZOSB L »

" Definition: The residual ac voltage-_ :
4 whlch is superimposed onthedc 7
g output of a regulated power supply, '
2 ‘Ripple and noise: may be ‘specified.
- and: measurn. in terms of its RMS
Santoor (preferal ly) peak-to-pesk valiie,"
Ripple and nolse measurement can be made at any
K Anput ac llne1 vol ageicombined with any dc output
' voltage and .oadrourrent within ratlng. _

5-22 'l;he amount of ripple and’ noise that 1s pres- o
o ent on the power’ supply output is measured elther

“svalue, The" peak-to-peak measurement’is particu-'.
e larly lmportant for. applloations where noise spikes
“1 could be'detrimental to.a sensitlve load, such as.

'-.’ X logic circultry The - 'RMS measurement is not an
" ideal representation oi’ the noise, since fairly' .
hlgh output noise splkes 'of short’ duration could

ey

\l' v
. A
Rl

5 5-23 'l‘he technique used to measure hlgh frequen- '
. ey. nolse or "splkes“ on the output of a powsar sup- '

,"‘:-and noise measurement teohnique- therefore the: . -
former is discussed separately ln Paragraph 5-31

B 5-24 Rlpple ancl Noise Measurements. ‘r"igure

- 5-6A shows 'an Incorrect method of measuring p-p
ripple. Note that : a continuous: ground lcop exists, -
from the third wire of the input power cord of the
-.supply to the third\wire of the. input power cord of
the’ oscil[oscope via the grounded | power supply

K case; . the wire between the negative output termi=-
nal of the power. supply and the vertical input of
the scope, and the grounded scope case, Any’
:grouncl current ‘circulating in’ this loop as a result '

 ‘ground points causes an IR drop’ which’ i5 in'series
. with'the 'scope input. This IR drop, -normally hav-_ o
L ing a'60Hz line frequency fundamental. plus any
;'plckup on the unshielded leads interconneotlng
!/ the' power supply and' scope,, appears on the face’
. of the’ CRT. The magnltude oE this resulting noise .
Yo ,signal can easlly be much greater,than the true / ©
tripple developecl between’ the plus and minus out-
.- put terminals of the' power supply, and can com-g-'
pletely invalidate the measurement BTN / .
¥ “ R ‘;‘ s f

i 5-25 The same ground current and pickup problems

) b B '/ , ‘”!r:,

5;21 5 Egle and Noise. S SRR &

€ "

- in terms of the ,RMS or (preferably) peak—to-peak .

. he present in the ripple and not appreclably in—- s _'
.crease the RMS value : - L

> '120Hz /(due to full-wave rectiftcation). an oscillo- -’

" of the difference in potentlal EG between the two - -

B more accurate (and lower) value of. measured ripple.‘
.=*/ :
A 5-26 Although the method shown in E’igure 5-6A is

. od of minimlzing the .effects of ground current flow'

]

. . )
CVERTICAL [ |
et Ly

- I

|

A lNAL‘CURATE HETllDD USENG SINGLE ENIJED SCOPE ) :
7/ GROUND CURRENT Ig PRODUCES 60 HERTZ DROP IN ' . .
- NEGATIVE LEAD WHICH ADDS -TO THE POWER SUPPLY R ’
. RIPPLE DISPLAYED ON SCOPE,' METHOD MAY BE ADEQUATE SRS I
UNDER CEIITAIH CONDITIONS SEE TEXT Con /

Ay B 1

| iPOWERSUPPLY CASE. . © -, OSCILLOSCOPE, CASE
' N -O'- : i

=9 FI&?

vssnc.nl. 1.
| t/INBUT

a1 ac

ACCHI .
GND - | ) A=

a, RECOWENDED N£THOD USING A DIFFERENTML SCDPE WITH FLOATING
-INPUT, GROUND CURRENT PATH IS BROKEN COMMON MODE

" REJECTION OF DIFFERENTIAL INPUT SCOPE |GNORES DIFF'ERENCE
IN GROUND -POTENTIAL OF POWER SupPLY AND SCOPE,-AND

i SHIELDED Two- WlRE FURTHER REDUCES STRAY PICKUP.'DN SCOPE
LEAD 8, . /(I | / '

il A 1

. : o K o
g I-‘igure 5-6 CV Ri;p{ and Noise, Test Setup ‘
By Y )

+

' can exist ii‘ an RMS voltmeter is substituted in .
place of the oscillosoope in Flgure 5=-6, However,
‘the oscilloscope dlsplay. unlike the true RMS
meter reading; tells the observer immediately .
whether the, fundamental period of the signal dis-
played {s' B 3 mtlliseconds (1/120Hz) or 16,7 mi}- - -
liseoonds (1/60Hz) Since the fundamental rlpple
frequency present on the output of an @, supply is:

scope display showing a 120Hz t‘undamental com=

ponent is indicative of a "clean" measurement set-
‘ up, while the presence of a 60Hz fundamental usu-
fally means that &n improved setup will result ina

' not recommended for ripple measurements, it may
prove satlsfactory in some instances provided cer-
tain precautionary measures are taken, 'One meth-

(I(;) is to ensure that both the supply and the test .

lnstrument are plugged into the same ac power )
buBS.

" . - T
: 3 '




5-27 'l‘o minimize pick up.- a
erably) a shielded twomwire’
‘to’ connect the output’ terming

able should be. used”-
15 ot' the power supply

to:the’ vertical Anput terminals of the scope, | When -

'using a twisted pair, . care must be taken that one .
of the two wires is connected both to the’ grounded '
‘terminal of the power supply and-the grounded in=-
put terminal of the oscillcscope. ‘When' usingt ]
shielded two-wire cable, ftis essbntial for the
shield to be conneécted to ground at one end only to.
‘prevent any ground current flowing through this -

shield from inducing a signal in the .shielded leads. '

5-28 'i'o verify that the oscilloscope is not dis- .
playing tipple that is 1nduced in the lea:is ,or pick-

ed up from the. grounds. the' (+) scope lead ‘should '

be shorted to the (-) scope lead at the power sup- L

ply terminals. The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement. R

[P . v

-—29 If the fcregoing measures are used. the'

twisted pair or (pref- E

VoA
S

Lot \?i" - B R EPEI _4_:..:.',., ;

single-ended scope ‘of Figure 5-6A may be. adequate .

to ellminate non-real components of ripple 5o that e
‘a satisfactory measurement can be obtained. How-""-

ever, {n stubbom cases'or in measurement situa-‘ "

‘tions where it 1is essential that both the: power sup—f

ply case 'and the’ oscilloscope .case be connected .
to ground (e, g.: 'if both are rack-mounted). it may

be necessary to use:a differential ‘scope with float- ;

ing input as shown in Figure 5-6B. - If deslrecl. two
single-conductor shielded cables may be substi~ "

tuted in place of the shielded two-wire cable with'+ .

equal success. . Because of its common ‘mode re-
jection, -a dift'erential oscillosc0pe displays 'only., ,
-the difference in signal between its two vertical
input tenninals. thus ignoring ihe effects of any -
‘common: mode signal Introduced because of the'dif-

ference In. the ac potential between the power sup~

ply case, and scope case. Before using a differen-

ik
1

v

tial’ input scope in this manner. however," itis im- .

perative that the common’ mode rejecticn capability C

of the’ scope be verified by shorting together its

t'.ho input leads at the power 5upply and observing
the trace on the CRT. ' If this trace i5 a ' straight -
line, the' scope (s’ pmperly ignoring any cominon
mode signal present,
ltne, then the ‘scope, is not rejecting the ground

signal and must be realigned in accordance with the
manufacturer 5 instructions until proper common - |

mode rejection is- attained T ;

5-30 To check the. ripple and noise output. pro-.' ‘
ceed as follows: - - .
i - a,''Connect the oscilloscope or RMS volt-'
meter as shown in Figurés 5~6A or 5= BB Rt
b, " Adjust. VOLTAGE control until front panel
meter indicates maximum rated cutput voltage

RN THe observed ripple and ncise should be
iess than Zﬂflanns and 1mV p-p. R

“Tf this trace}is not a straight .

‘_.I l.- L o v

. L . ot [ et
|.-‘r . B s e . i oy
. R IEEET Ty Y

_ 5-31‘ Noise Spike Measurement. 1When a high fre-' SRR

quency spike ‘measurement is being made. an in-

oscilloscope with a bandwidth of ZOMHz o, more

~is adequate, Measuring noise with an ins'.ru ent

- that has insufficlent bandwidth may ccnceal igh
frequency spikes detrimental to the load Lo
' ! i
-32 The test setup illustrated in Flgure 5 GA is

generally not acceptable for measuring spikes
dtfferen‘tial oscllloscope Is necessary. Purther—
more, the measurement concept of Figure 5-6B '
_must: be modified if accurate spike measurement is
to be achieved . ,
As shown in Pigure 5-7, two coax'ca=
bles, must.be substituted for the shielded two- ,

l)

:, strument of sufficient bandwidth must be used‘ an -

-t

. wire cable . ‘:', ‘ ; S

20 Impedance matching resistors must be

included to eliminate standing waves and cable -

ringlng. and the capacitors must be connected to’
block the dc current path. . . S '
T . The length of the test leads outside the

ccax ls critlcal and must be kept as short as pos-‘ ' / '

sible; the blccking capacitor and the - impedance
matching resistor should be connected directly
from the inner conductor of the cable to the power
¢ supply terminals, . K

-4, Notice ‘that the. shields ot the pnwer sup-

: ply end of the two coax cables are not: connected

)

to the ‘power’ supply ground, since such a connec=

tion would give rise to a- ground current: path o

o through the coax shield. resulting in an erroneous

measurement Cd
Since the impedance matching resistors
constitute a 2-to-1 attenuator, — the noise spikes
'observed on the oscilloscope should be less than
0 smV p-p instead of 1mV

pr'
!

5 33 The circuit of Plgure 5-7 can also be used

" for the normal. measurement of low, frequency ripple ‘
and noise, simply remcve the four terminating re-

i)

rrnmmu P '
m os:n.mscon

Fd
2l

LY
Cd

>"'m1|rat
NPy

7

-'n ; son K
o . T-comszron ' ,
; ¢ E ! 0N ’. ’
i TN © 3 TERMINATION .
' : : ' . Nt L \
v 1 L
Figure 5-7 CV Noise Spike. 'I'est Setup
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sistors and the blocking capacitors and substitute
LY h.tqher caln vertical Plug=in in'place of the wtde-
band pluq-ln raqulred for spike’ measuraments. ) .
Notice that. wtth these ‘changes,” l-’tgure 5-7 be- SN
comee 8 two-cable veraion of Ptgure 5-60 :
34 alen Time, . fv o
.. Definitiop: The time "X" for output
,'.- voltage’ recovery to'within "Y" mil= R
- livolts ‘of the nominal output volt— L Jo
age followlng a 2" Amp step AU R
" change-in load ourrent — where° e
™Y 18 specified as 10 millivolts, ' S
.‘:-_.'.l'he nominal output voltage isdes i
'_"-‘ftned as the'de. level half way. be-. v e
‘tween the static output voltage . ; .
;_;.before end after the impoeed load R
..change, and "2" is. the specified . . 5;,;'-"-"
“load cugrent change, vw\htch is 5

3

‘. .
3

: 5-35 A mercury-wetted relay. as connected ln the ,
load ewttchtnq clrcutt of thure 5-8 ehould be used -
s for loadlng and unloadlng the supply. 'When this .
7' load switch is connected to a 60Hz ac ipput, the
_Emercury-wetted relay will open and close 60 times :
‘per second, Adjustment of the 25!( control perrntts N
' adjustment of the duty cycle of the' load current

'“dlsplay, . :_ - .
- S

'.5-36 '.l'he maximum loed rattnge ueted In thure o

54 muet be obeerved tn order to preserve the mer-

- s oseiLLoscoeE

oormcr nor:cﬂon S 1 e
' NETWOR .:Fv,*‘--;-. o
e 80 5w | R

tuorrat "'k o
'—l(

AMA
'Iv.
-_——-u——.—n

Add

| THIS DRAWING SHOWS A i
‘SUGGESTED METHOD OF .
'l BUILDING A LOAD SWITCH.
| - HOWEVER, CTHER METHODS
COULD BE USED, SUCH AS A
,'| TRANSISTOR SWITCHING .
7] NETWORK. MAXIMUM LOAD 1
IJ RATINGS OF LOAD SWITCH {
"ARE; B AMPS, 8OOV, zaovr _
L " | ‘twor 2800W) bl
o .m-gz 2USE MERCURY RELAY;
o RO ; CLARE TYPE HGP 1002 OR
WE, TYPE 2788, - ..
l S USE mnnounn nrsmoe

S

A

-_—-—-———

L Kl
LA X

o

e
] ?-" Lo [ . ' . "
pten _:~:- AR T

“switching and’ reductton in jttter of the osc!lloecope ‘

oworess e |

f
-

cury-wetted relay contacts..\Swttohlng of larger SR
. load currents can be’ eccompushed with mercury ' .
‘ pool relays; with this techntque fast rtse times "

can still be obtained, but the large inertia of mer='
- cury pool relaye limits the ‘maximum repetition rate
~of load ewttchlng and rnakes the clear display of

scope more. dlfﬂcult B

. the transient recovery characteristtc on an oscillo- o -

1

5-37 To check the transtent recovery tlme of the C T

. supply, proceed as follows: ' - i

.’ a, 'Connect test: s’etup shown in thure 5-B

., b, Set METER gpitch to highest current |
: range and RANGE switt:h to lowest voltage mode, | o

~ -+ ¢ Tum on'supply and adjust VOLTAGE con=

i trols until front.panel meter Indicates exactly the C

maximum rated output current .
d. Close ltne on repetltlve Ioad swttch set-

: -"up‘-‘._

ot e Adjust 25Kn potentiometer unttl a stable
dlsplay is obtaxned on oecllloscope. Waveform
‘should be wtthin the tolerances shown on Ptgure

5-9 (outptit should return to within 10mV of origlnal

- value i3 less then 50'm croeeconde).

' UNLCADING TRANSIENT - -

LOADING TRANSIENT - -

=1
d - e o e ‘ N N

PR

Flgure 5-9 Tranelent Recovery Tlme, Waveforme o

-33 ou'rpur IMPEDANGE -‘.f,-(ﬁ:*‘;
SR

o 5-39 To check the output lmpedatnce. proceed as. }

follows:- ‘ Lt
_ Connect test setup ‘Shown in E‘tgure 5-10
b.' Set METER swltch to hlghest voltaqe

‘e, rurn on supply and adjust VOLTAGE con—-

trols until front. ;mnel.meter reads 20 Volts, .

d,  Set AMPIITUDE control on oscillator to
10 Volts (Eqn), and FREQUENCY control to 100Hz,

&, Record voltage across output terminals -
woonof the powar supplv (EO) as tndlcated on ac volt- g

meter. ; '
Celculate the output impedance by the .




'i' on = ms;wltoge ecross power supply output
termi!'nlpn : ,: AR
=1000" S ST
Em = 10 Valts S

g, The output impedance czout) should be

less then 0,020 ohms, "
! “h,” Using formula of Step f. calculate output

-lmpedance at’ frequencies of 50kHz and 500kHz.’ , ‘

Valuas should be lese than 0. 5 ohm and 3. 0 ohms.
respecttvely.' :

l
I
o ‘ \
Dt ., . ] .
. . oo it
Lo . o B

540 ramp_erature Coefﬁciegt, o
.. " Definjitions The change in output
.,-j’voltage per ‘degree Centrigrade o
. change in the ambient temperature |’
‘under conditions of constant lnput W
"'ac une voltage, - output voltage

setting, and load reslstance. R
: -41 'l'he temperature coefflclent of a power' sup=,
ply is measuted by placing the power supply in an
oven and varylng 13 over any temperature span |

i vomc:-rrn r vomrrrn o
4038’ . hp 403 o
mmc.n'rts r. , mncms r|..
L L !I ! [
' noo_»‘f"- logo v '
I 1,
S
< n
oo IR TR . v Ll’ “ g
SHY o o S [ oseisaton ;
B I T A »zoo c0 ;
A y 11,
+ | ! e T i1
o 3 _

= utement accurac'{. S

' supply should be placed outslde the oven and

“sure that its drift will not atﬁect the overall meas-

i : 5 o ' LL‘ :4 0
5-43 To check' the temperature coefflcient. pro-

wr .:fceed as follows: ' R

Connect test setup shown in Pigure 5=5.
b.: ‘Tum CURRENT controls fully clockwise

ot
RO - 18

- front panel voltmeter indicates 10Vde, .

ce. Insert the power supply into the temper-
ature-ccntrolled oven (differential 'voitmeter and
load resistance remain outside oven),' Set the

‘ should have a long term stabtllty adequate to in~-

. and*ad]ust front panel VOLTAGE ccntrols until the - |

temperature%to 30°C and allow 30 minutes warm- - - |

'l.lp. , . ‘\"
K d Record the dtfferentlal voltmeter indica-
tlon, .- . ia|T '

e," Raise the temperature to 4D°G end allow :

.30 mlnutes wiarm-up. b ‘
= . The differential voltmeter indl.catlon n
should change by less than S0mV from indication

- ‘recorded 1n Step d

w v -Definition: The change ln output -
' voltage, for the flrst eight hours ° S

T measurement all parameters, -, ' .

[

._»)

 within its rating. (Most & power supplies are . e
_.rated for. operatlon from 0°C to 55°C,) 'The power '
s supply must be ‘allowed to thermally stablltze for "

‘a sufftctent period of tlme at each temperature of
measurement '{. o . N : ‘

: S
Y h

g 5-42 The temperetune coefftctent speclﬁed is the
 maximum temperature-dependent output voltage -
change which will result; over any 59C interval. . :
‘. The differential voltmeter or digital voltmeter = . .
used to measure the output voltage change of the N

A

5-44° Qu;put Stabllity_. . o o

* following a 30 minute warm=-up \;-
‘}period “During the interVal of

such as load resistance, ambi- .

. 1 * ent temperature,-and input llne ._5_‘1 o S
voltage are held constant N e

. ‘; . o ' o
. F l .

; 5-45 Thls measurement is made by monitoring the

b & output of the' power supply on a dlfferenttal volt- .
" _meter or- digital voltmeter over the stated measure-

_‘ment interval; a'strip chart recorder can be used
“to provlde a permanent record. A thermometer

‘ should 'be placed near the’ supply to verlfy that the
“ambient temperature remalns constant during the

' period of measurement. The supply: should be put
.ina locatton fmmune from stray air currents. (open
- doors or wlndows. air condltloning vents); if pos-

' sible, the supply should be placed in an oven
which is: held at a constant’ temperature, Care

‘must be taken that the measuring instrument has a

. stability over-the eight hour lnterval which 15 at
. least an order of magnitude better than the stabil-
ity. speclﬂcation of the power supply being meas- L
“ured, Typlcally. a supply may drift less over the
. "elght hour measurement interval than during the -§ 3
hour warm-up period ‘ .
. 5-—46 Stablllty \measurement can be made while
the supply is remotely programmed with a fixed
wtre-wound reslstor. thus avoiding acctdental

changes in the front parel setting due to mechan- P

1cal vtbration or "knob-twiddllng. L S




: W ).l .'} o
‘ 5-47 To check the output stabtllty. proceed as
follows' Sy )

Lonaa Connect test setup shown ln I-'lgure 5-5
|71 'bl Tum CURRENT controls fully cloclmlse

end adjust VOL’i'AGE controls for. 40Vdc output
e Allow 30 minutes' warm-up then record

the dlfferentlal voltmeter indicatton, ",
.4, After 8 hours. dlfferenttal voltmeter

should change by less than 45mV from lndlcatlon e

!recordedlnStepc. oo S

KRN

s-u 'rnouatsssoonus -

‘ 5 49 Before attempting to troubleshoot this in- ‘
. strument, ensure that the fault 18 ‘with the’ instru-
“ment and not with an associated ctrcult The per-
+ formance test’ (Paragraph 5-10) enables this to’ be
‘determined without having to remove\the lnstru-
_ment from the cablnet SRR k " N
5-50 A qcod understanding of the prlnclples of
Operation i5'a helpful atd in troubleshooting. and
it is recommended that the reader review Section -

! IV of the manual before attempting to. troubleshoot
the unlt in detail, Once the prtnclples of cpera= '

" tion are understood, refer to the overall trouhle- . -

- shooting’ procedures in Paragraph’ 5-53 to locate
the symptom and probable cause. SR

: ! T
[ R N

- il . -
vt il R

lngs taken at various, polnts wlthln the clrcults.- N
" These voltager are posltloned adjacent to the ap-".
pllcahle test points {identified by encircled num=
"-bers),, Component and test point designations ‘are

R marlced dh'ectly on the main prtnted wlring board

P N

5-52 If a defectlve component is located replace S

. it and re-conduct the performance. test, When a
component, is replaced, refer to the repatr and re-

" placements ‘and adjustment and callbretion para= . i .

. graphs lnthls sectlon. o R SRR

/
5--53 OVERALI. TROUBI.ESHOOTING PROCEDURE

5-54 To locate the cause of trouble follow Steps I
1 2. and 3 in sequence, . ' ‘
. (1y- Check for obvious troubles such as’ .
i open fuse, defective power cord input power fatl- ‘
" ure, or defective voltage or current meter, . Next .
4 remove the top cover (held by four retaining :
‘ screws) and inspect t’or open connections. char- C
" red components. etc, If the trouble source cannot
-+ be detected by visual tnspectlon. proceed with
' Stepz., - N
{2) In almost alt cases. the trouble can be\

t

y L " ’- - Table 5-2, before proceedlng with Step 3, , .. x
5-51 The schematlc dlagram at the rear of the - ..l (3) Disconnect the load and examine Table - '
manual (Plgure 7-1) contalns normal voltage read- = 5-3to detenntne YO“f symptom and probable cause, - -
:' ." ":‘ "'. "!,' - : SO e y‘. v -‘.i B i o . [ . ' l ; c l‘ | o
st o Table 5-2. Reference Clrcult Troubleshootlng ol e
T o 1 —Tromal] ot
L . P . ! . PR
‘| -METER . MBTER- _'NORMAL""-. : - o
STER|. ;| iy I ¥ RIPPLE INDICATION ABN AL. TAKE ACTI ;o .-
|- | common | posrrve | mvpication | 75 “' S ORM | THIS ‘ °_N e
ol s e fezdoavae |7 Lamy | oheck 1z, 4'V.oltl':las6r'VRf‘(See'nextpara§raph')‘ ‘
t 1 NI . ’ N L . I IRTTIEY B A R W . ,
S F 3k 45 - 16,2+ 0.3vde | .4mV- Gheck 12, 4 Volt biak orVRZ (See next paragraph) s
B St 8 37 . f12.4%1.0Vdc | - 2.8pV. _Cth.ﬁt QB. Qg. CRZZ. CRZ:‘I. 010. Tl
4] s | e |7sevac | w' | cheek G2, o8y oR2as CRES . “;_ii R
. L oy e R . v R i s . R Cr L | A )
G Table's-3, Overall Troubleshooting .
| StMproM ' | . GHEGKSAND FROBABLECAUSES = ' =~ |
Highoutput voltage ‘ a. I-'ront panel meter defectlve. R ‘ L b
i AN N b Series regulator feedbaclc loop defecttve ‘Refer to Table 5-4," o :
" Low output voitage '} . a, .Fuses blown (Clteck CR26~CR29.or C14 for: short).' : -
S ."'-'}1 . i N .. . L ‘_.!‘, -3‘7"' ; . ey - ' Ayl ,
L L ; J:l:' .Jl' l‘ F|
5-9 . - ' , T " - "I. J I
. v ’| o 1 3 ’?
! i': .‘ 8 ! ; Y | & - |.IL -
! ‘: . i "\] U ,]V'.;I' ) ?

caused by lmproper dc bias'| or reference voltages- e
thus. it Is a good practlce to check \roltages ln | '




'-‘.-i.'rahl‘e‘,s-;-:l....Ov‘erallTr ul;leshooting (Continued) =+ .. . o .
v R A ) R o i . St R \

RN .,;cm o
bE
:'c.. .‘
‘"‘i'a-,.om open. R#r defective, ' N o L / |
a.. Check operating setup for ground loops C ' o " / , ! v
b.' if output floatlng. connect ip.f capacitor between output and ground.
- A Ensure that supply is not crossing over to current limit mode under 2
'+ loaded conditions,, = - X o
wrt- a Check reference circuit. (Paragraph 8=5 5) v ' ; " !
,‘j, , . '5;. v I [N b Checlc reference circuit adjustment (Paragraph 5-69} R R
Poor load reguiation ' :_"ai.' Measurement technique. (Paragraph 5-17) S . / i '
ta 1 b g
_ (cons nt e mqe). b Check reference circuit (Paragraph 5-55) and adju tment (Para~
{-. " el ' ‘ ‘_\“c. Ensure that supply is not going into current lim/i i
1B Oscillates (constant e Check cs i'or open. adjustment of R30, (Paragra/ph 5-72) .
. voltage) ‘ R R N
* Poor stability ,: 5 a.’ Check %6, 2vde reference voltages (Paragraph 5-55) o
’(constant voltage) B 5. Nolsy programmrng resi.rtor RIO e L ‘ E '{
i _ L c. CRl. CR2 leaky'. ,,,' L AR S | o
O T S i d Check Rl. R12. R13, for notse or drift C e
' :5 o 'e. Stage Ql det’ective. e -”-‘f.r DR g TR ‘_ ' " HR
, . :;‘!..'rl . ‘_-.'.,_':‘ L . ‘ : ‘ ‘ e . . ‘: - s 0, .
L . 'j":J",‘ - ) ‘ g
- =-__‘!.',‘. ‘_: . . RTINS .‘) r o o o ‘ . | .
-55 'i'o check the zener diocies in the reference"* ' 1"5-56 Series Regulating Peedb ck L@p, When g
Jclrcuit. ,proceed as follows- - ’--; ‘ f‘troubleshootlng the serles regulating'loop. it is .
Connect diiferential voltmeter across' . useful to.open the. loop since measuremnents. made
zener diode. T L TR anywhere withln a closed loop may appear abnor-— :

b Connect appropriate load resistor. glven
:in Pigure 5-4, across ) and’ (-) output terminals,.
5 c. 'i'urn VOI.TAGE control fully clockwise,

, .0 d."»Set METER switch to highest current‘
range and tutn on supply. , ‘

‘e, -Adjust CURRENT controls until panél
meter reads exactly the tnaximum rated output cur—
’rent.‘ K
T £

ferential voltmeter. - o . ) Y

Read and record voltage tndicated on dif-'

“mal,. With a loop closed, it is very "difficult’) t0w
.. separate cause from effect As described in '
., Tables 5-4 gnd 5-5, the conduction or cutoff ca-
pability of each stage 1s checked by shorting.or’

opening a previous stage, ias follows: . o

1, Shorting the emitter to collector of a

- transistor simulates saturatlon. or the [ull ON

condition, i g

2. Shorting the ernitter to base of a transis-
tor:cuts it off. and slnulates an open clrcuit be-

.Short out load reslstor hy closing Sl | .tween emitter and collector. Lo o
St h If reading on diffarential voltmeter dif- 5! ' v X Tt !
-fers by’ more, than 1, 07mv for 6204B and 6205B or . ! 5-57 Although a logical first choice mlght beto
.946mV for 62063 i‘ronrthe reading in Step t’. re- S break the loop somewhere hear its mid-point,-and .
place zener diode e Uy NERTC .. ' Ithen perform successive suhdividing test. it ls .
. Do o 0 e .‘ o ‘, v nl’ . X . i . ’ "
o ! ‘ E 'Ll{. A'; s ' , L , ’c') o Co
. '.‘I.“'... ' ! i - ““: l. R ! - . . ." .' 9 e
) S llf. : l.ﬁ 4 .'I N I{l“.l \ } I‘f —Io ! . " . . ! |
N i S ‘.: ! , ! '.‘ ;1‘ B .
i _ AR : , ‘ ; A
! -\-. ).“ : .E : ‘.' L i : i "‘ v ' ‘ ‘,‘l




3 more‘uoeful'-to trace the loop from the serles reg-
ulel

:i tallures occur more often at the hlgher power

) K a
1y ._j. .A "-‘ : ) i
‘ . .
' v - tot Lo i
RN o 3
Y f ' e
;r H

tor’ backwards 8 -‘age et a tlme. lslnce loop levels. R . !
e e T "—'l‘. [ M, .‘ i . ‘ o i J B ) ;1 ’Il‘_.
b o B C : S R
’=, : 'rable 5-4 'ngh Output Voltage ’I‘rouhlelhootlng v .

AC’I‘ION

1 'RESPONSE :

’ 'PROBABLE CAUSE .’

P S f"check turn off of serles ik
S FRUEE regulator by shorting Q4

RA ey ' S o ey

| ,emlttertocollector. C

a. Output voltage remolns hlgh

.

' Output voltage decreasc.s.

b o

‘a, Serles regulator Q7
- for Q6) shorted

b. Removeshortendproceed
toStepZ I

\Check tum on of 04 by .
1 F 'dlsconnectlng collector ,
A e@as

LR

Output voltage remalns hlgh

"y | ‘1

. Output voltage decreases. S

P4

a, Q4 open.

’ b Reconnect leed and pro- :
I ceed to Step'3. : :

o

¥ ‘.’ .

3. Q3 shorted ‘, . .~

Cheék turn off 'of Q3 by | of;\' Output voltage remalne hlgh '
J d:so?:ne:tlug collectnr by Output voltage decreoses., ' b. Check OIA for short. , .
’ otQ ‘ ;,‘ AN o ‘ Q1B for open. ‘Check for .
: : "( "I. _ R | f open strap between ‘A6
N R AT S . and A8, Gheck’RlO for
M AR W ET open, '
li'{ .:.t‘.: . iy ;
) !i.-n'. ] a ..‘,1 y ‘., ‘ i E i 1 ¥
W :, , = ’ v !\ , ) | ’ : ] :’ ;
.:..',‘ ! ) “ ]‘. ] ! Il . "‘_]- .
L i “ ‘ . K ..‘ l'. ll
.=‘|“ , ) ‘ A ! e \ ‘ ' ,_., : ‘,f ' K‘_ . 4"
*‘ ‘: . i ! o o :

2 .’;IJ-Table-_S,Qs; ‘;:I.ovv‘Ou_tput-'irolt'e_ge 'l'touhleshooting'.f AR N 0l “;_

"7 AcToN. - -}

o REseomsE’y [

-

| PROBBELE CAUSE -

.Check turmn’ on of Q7
“fand QG. if- lncluded)
by openlng the emltter
of 04 N

a, Output voltage remalns low. -

{ b

Output voltage increases. L

G o .‘|=!=‘

+ i A

8. Q7 {or bs) open.
b.. Reconnect lead ancl pro— :
v ceed to Step 2. '

¢ .

'
'

g 2 'f- : Ellmmate the current
" llmlt circuit as a source.

]
-

Outputjvoltege lncteases.‘ o

‘3. QL0 shorted. R81 defec-x
" tive, - A

e sof trouble by discon~ ‘b, 'Out‘put ’v'olt:uge remains low, ' | b. Reconnect,,lead and pro-
L nectlngtheanode of IR A TR I '»ceed to'Ste'pB- :
j ) , . GRIS. R o I i ! ' . y K . - o

Check turn off of Q4 by

Output voltnge remetns low.

Q4 shorted

o, zgmgroa_ emltter m -""b. Output voltage lncreases. g b, Remove the short and
St ' " . o e . e ’ . proceed to St_ep\4“_“_ :
-~ ' R : AL ' /u SR
AT . v L
St , ) "
A SO B S R
i . ",_:i“ ':I., ' ‘."_‘ | I
| R '|__ : D ‘ 5 ¢ 4
| ; - o o .-”“‘- .
';'. - ; Vi 4! ‘."4 ' "‘;- » -:\ o
' B i ! ' I , ) L.

. B




it

| ‘pnomm CAUSE" e

. C
K Ch

Output voltege remalns Iow a.:', /open "ﬁf i

4

b. .Output voltage lncreases & ’ ' .b I,Check Q].A for open, QIB
. Dvooioas e o) L) for short. Gheck R1O for

v 4.‘

n R A shortornpen strap be- -

L S / tween A7 and AG

] : T wrlstics of selec;ed semlconductors. I t.he devlce

g 5"'59 Before serviclng a printed wlring board, . to be replaced is not listed in Table 5-6, . the .
far to Flgure 5-11 -Section VI of t}lis manual con~". ' standard manufacturers part. nurnber ltsted in Sec~" .
=N tains a tahular Iist'of the !nstmments replaceable» . " tion VI is appllceble. After replacing a semlcon- .
‘ paxts.l Before replaclng a‘semiconductor device, . . . ductor, refer to 'l‘able 5-7 for checks and adjust- :
.2“;":; - refer’to 'rable 5-6 which llsts the special charac- P ments that may be necessary. S ‘

o

P s U '
‘1| . : 5 5' : : Ly ot o o ' B .‘I’ ',. ,‘.“<..‘

& g , ‘ 'rahle 5-6 Selected Semiconductor Characneristics o .
UREFERENGE | vt 00l o e e .|, SUGGESTED

DESIGHATOR R -_PHARACTBBIS_TICS,. o & STQC_K‘HO.- - REPLACEMENT.

DR .
. . . | ]
[ L

Matched dmerenual amplifier. NEN St. planar‘ ~1854-0229", | 2n2017 G.E. |
*70 (min.) hpglc" lmA. vcg sv.l .Ico- 0 OLphc | R e
@Vcbo‘sv N I . PRTREE

“NEN Power h‘FB":,as (niih';) @I = 4k Vop =4V, | 18s4-0225 .| 2n30s5 R.C.A.
i T S e B N L ' y - T . o R '

s : f W'
Table 5—7. xChecks and Adjustments After aeplacement of Semlconductcr Devlces el
3 _FUNGCTION | " , - - cHECK,.« | - Apmsr" ‘

RENRM .;_C_:pnsten‘t‘_vp_ltege differential amplifier . Gonstent voltage; (CV) line | ‘RéorR8: |
Lot h e I e e S e AT and load regulati.on. Zero , TobL
o fe et e e e e - ] Velt output, E '

RN ‘:’ v . s, S ) o , 1 e
v Error amplifiers .7 v 0 0 1 GV’ load regulation - R30
Vo e ot e B . CVtransient response. R PRI

TS'erll‘es‘ regulator IR o '-.,-CV load régulatlon.'f'

SR Q9. _"Refe:e_ﬁee-regtjlatef L Reference’ cl_rcplt line - . | VRL VR2,
‘) !'.:-, ..L } ,Lul, ‘ ..' ., ‘. S _‘. . ‘:;,_- lJ e o ‘- !: . . regu[ation. - | : . ' L CRZG

/Limitidg diodes. . . " '] GVlcad mguletien.: - ‘
‘ Porward biﬁs"re_'éf;latert; L E o Voltage across diode’ ' o
S R e R 20t024Volts. T E |
‘]; O _": ) s_.': .
L N v P
1, 'L ; - ;n: } ) ;

S ’ t L ! 5 '
‘ o

[N
N K Lt e tE . . . Sy . ' . v [
Lot i I A e . T . - : [ - e
. (e My . L PR : ot . . : o0
v r‘ L i : ‘_.':"." “.\ (L FLEEE Lo L oL _.,’-... .
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‘ onds for all capacitors to discharge. T ' _
‘ ‘b, -Insert.sharp pointed object (pen’ polnt or .
’awl) into the small hole ‘at top of round black’ plas- ;
tic disc located directly below meter face, - i
: - Rotate plastic disc cIockwise (cw) until -
'meter reads zero, then rotate ccw slightly in order
t free adjustment screw from meuer suspension. Ifd
pointer rnoves. repeat Steps b and c. A
'5-54 AMMETER 'raAcxmc e i T -
5-65 To caltbrate the ammeter. aproceed as foi- e
l.ows-" ._ ._,u\.‘._
L Connect test setup as fshown on Plgure, g
5..'4.'\' G
- b. Set RANGE switch to low voltage mode .
and ME’I’ER switch to lowest current range, 0
o ' Turn on supply and adjust VOLTAGE éon= -
trols so that differential voItmeter lndicates ex-
actly 40Vdc i 3
d. Front panei meter should read ﬂ 3 Amp _
for Model 6204B and 6205B. supplles. or 0.1 Amp
for Model 62055 suppi g If it does not,. adjust R72,

5-55 CONSTANT VOLTAGE PROGRAMMING CURRBNT

gl ;

-57\ ggmming Accuracz. To calibrate the pro-

gramming current. proceed as foliows-' ~

L

‘.

' difierential\\voltmeter reads 40 + 0.4Vdc forf

y of appropriate vaIue\i&Rla posi, on

:-, +3 and -S terminals,

_ tiab voltmeter reads" zero, ,the shn Jf /
-sistance value equal to that cf the. dec  $:154
ance ‘f,,-u RNy Ry () J}; :

If reading of Step cgw‘ ‘more negatiye

tial voltmeter reads zero' then‘ ﬁhun
- fsistance va[ue equal to that

i . . .
} N P vl
. | , i L
0. i
¥ P
' . . o
1 R -
: ; i 1 v
. i r
y
)
i i .
[ . i v \ i
) i ¥
' i a3 w .

b o ” .:, o 1- ,'J 3; ’i 1 A N ‘;_-. I‘ . i T, : ‘ “ ‘fl;:' \7\}
’ ';‘n ‘r:’ . R “ . "e_“.'.: o "!f . ‘}_‘ ' t1 ‘ ‘,.I‘ ‘ E" H‘ : ,\ v
'l'abie Sf~7 Checks and Adjustments A.iter Replacement of Semiconductor Devices (Continued) T
; T SR N ! ‘
A i--:",;_,,‘nsrsnmc_s CELy o bruNecTioN T T L *"1‘5 " cHEck . |raopustoe-f
., B U TR , N LR N - - s . 5 N - Yy o R R :>
I" V: ! . . K . ‘ , L (-“;:' - '«ﬁ}hl. ty L ) :!:- 1 AR : ‘., IR s “. '-i"fr‘,' '.u}‘l: fF
QIU-CRIG '3' et e w0 e L Gurrent: limit adjustment, CRBL ;
“; (CRZI) “"." : S b t, g8 BT 4‘{"‘ ' ',,' ,':'!“ it o S O T S “- -(.‘W-'n ' S
K e " —— " - - :,a.l'.‘."
y CR).2 tiu-u Rectifier diodes O Voltage 8Cross. appropriate R, il""-"l
o CR29 o , o A fiitercapacitor ', A fte r‘\'l; 5
: R — " . i : 1 : - y . " K
1 VR o] Positive mferenqe voltage . , +5 2V line and Ioad regu- |ra, vRL L e
“g t' ) ) . hf" . ‘ ! “‘ - e S "-‘ .- : Lt . laﬁon- 1 .;“ vt ',‘, “t i.‘l- : ]“ ! ‘_.} ':.'} ‘
R o | i . ~ L - A - . - - ’ 5 . -' " : o - ',._ ‘-"‘I‘.
‘| VR2. . I' Negative reference voltage g P T\ line and Ioad regu- " " R4G,VRZ T
R AR R (T S : T lation' T o i O BN
? . ,-".:' ’ :‘ ‘ “h S ' . ‘
L _l KA v } . l.J e l . :-"; . 1-‘% _ ., ‘\_ ' ! SRR 7“{}-“.\5“
s.so ADJUSTIE!IT mo cnuaamou ,"_- N ' a. ‘Connect an 8K, 0% resistor (m: ret
. 'sistor for,Model 62068 supplies) betweon termi- _
:5-61 Adjustment and caiibration may be required ' nals.-S and A6 on rear barrier strip.’ BT IR
after performarice testing, troubleshooting. orre- ' .. b, Disconnect jumper between A7 and A8 . ]
pair and repiacement Perform only those adjust-w' " (Ieaving‘AE and A7 jumpered) W no
‘ments that affect’ the operation of, the i'aulty circuit U - Connect decede resistance box in’piace ' | !
_andno others B S A T T of R13 ©N ' } “\- LU
RO ? L Cood, Connect: dlfferential voltmeter b eeni: '\\
' 5'6" METER ZBRO STy /48 and -§ terminals on rear barrier, strip) | T; Syt
¥ o i VT o ce, Set RANGE switch to highvoltage ode. ."}1;
A 5-63 Proceed as follows to zero rneter L " METER switch to high voltage rangel, and tu R
. -a, »Tum off instrument (after it has reached supply. l.‘ : ‘\” 4 [l" i ... b : N
n normal operating temperature) and allow 30 sec=- : f.» Adjust decade resistance box so at" s

‘\!,*,.

:*Models. 62048 and 62058, of [LES D 5Vdc for ModeI
GZOEB supplies . "-“ A
8. Replace\decade resistance i

|I’ ‘_

‘Wiﬂ‘l YE?
L\

e

'I,’

.!.M; et

Vo R K
Lh,'_. E

. R v,

5 -G8 Zero Outgut Volta

Volt programming accuracy.
Connect different

i d s foi[otjs
Tf rbetwee

r‘,-

' 5 ‘!
"'b.  Short out voltage cnt olslb

jumper between terminals | \37 “
..a. 'Turn on supply a 24&4

differential voltmeter, !n 1 "M’ o y
d.  If it is more po:{itiv f, nan 0

e . Adjust decade resis anceJx 3¥i)
t

th the decade

,‘;J- g ) /f ‘
Y%l thil de eren-

> than 0 Volts. shunt resistor R8:
resistance box B
. ' 8. . Adjust decade resis

RA witi 'a re-
Tf thé.’ ecade box

o
o



A break in the. copper should be repaired by, soldering a ehort length ot' tinned copper wire
zcrosa the brenk‘ IRCEI ;

Ly y I}

! UUse. only high quality i'oein core solder when repairing etched circult hoards. . NEVER USE o

PAS‘I‘E FLUX. . After -soldering, clean: off any excess flux and coat the repaired nrea. with a
high quality electrical varnieh or lacquer. - . .ty N A ‘

When replacing componentewith multiple mounting pins! suchas tube sockete electrolyttc capa--
' “‘citors, ‘and potentiometers, it will be necessary to llit each pin slightly, working aro.mcl the

components several times until it is free, ' [ Sy

' - : B WARN!NG.che epcciiic instroctions outlinedinthe steps below regardingetched circuitboarde
without eyelete are not iollowed extensive damage to‘the etched circuit board will result :

""- IR -;.f

[ i o :

42.1 --,...;_r‘. - FL . .

Bt [

1 Apply heat eparingly to lead d component
tobe replaced: Illead ol componentpaeses

through an eyelet'
- in the circuit ‘
board, npply

: -ponent does’.

. pot pasmougb ap o .‘
eyelet apply heat toconductor etde ot boerd RN

i
[ Y
1

o B 3 Bend clean tinned lead on new part and
cnreiully insert. A

through eyelets or .
hcles ln board FEN

. N
o e ol : i . 1
K . .

‘:\l

2. Reheat solderinvacant eyeletand quicklv o

. I hole'does (RN "
.not havean: ‘' = Ve
eyelet ‘in=

+

A cy

insert a small awlto clean inside ol' _hole.r | B

S P g A Gt
' ‘. . L l 1 N i I“:J r" ,:“. ._ “4| -‘l‘ , 3-\_'1 ¥ ‘;'- ‘.pj -. .
K AR AT P - I. 1 i‘l B i I I- J—jl'l‘ .. (“}i. .'}’\\] ‘f . .L'.:r 'T . ' : ;I "!
: 3 mcesslve heat or preseure can liit the copp..r e*rlp from the board Avoid dnmage by uning a E b
j * low, power solderingiron (50 watls maximum) andfollowing these instructions, Copper thatlifts, |
‘I;off the board should be cemented ln plnce with a quick drylng acetate bese cement having Jod '
electrlcal insulntlngproperties T ST AR ey

)
I:‘ I
IR
Y l;:i
LIS
" 1
3
f
S
: I3
g
\

" sertawlor’ .*_,, N P
“a #57 drill | R
. fromcon- ... N
, "ductor. Bide LSS R 5 :
05593"" RN R L L
Bl L . v PR “;' . R .

. i hY
% o | Yy
o |

I "h‘~ 2

. and solder leads
Apply heat to' compo- " g T
nent leads on correct .
© side oibcard LTI

‘4 Hold partagainet board (avoid overheatlng) X ;u f,
%

e e asexplalned T
'; j , e ; ~in step 1‘ ,
Lo e : _ ) . s ¢ : _— ._‘; Leow S ( RN E n‘."
ln the eventthnt eitherthe circuit boardhas been damnged orthe conventional methodis imprac— L L

5 ! tical use method ehown below. Thleie eepecially applicableior circuit boards wtthout eyelete. . i

1 Cllp leudasehown below. e , 2 Bend protrudingleads upward Bend lead i '.‘;T'
RN T I P e " of new . APPLY N LS
B Y e cuP. " component +SOLDER, K PR
Y g HERE _-around pro~ . . - L s
l. . " B : '; tnldillg Iead I-‘hgl'f‘. ) ”-;-‘ Vi
0. Apply solder . S I A
! o . using a mil‘ C o '. e
S e T o olicngnoeepliersasaheateink.., SEE N
Vb ! ' Lot |, R i ‘HI\!.‘:;,A' : ‘ JF‘.' .

'l‘his procedure is used ln the ileld only as an altemte m=ans of repair. It is, no. used withln

:'.'”- thfactory. R S R TRE R '-) ok i : P o “n""—hrir' By x‘. If<l" , 'l 1 R
" = m - " * )
AR I N '(1‘ " ' . o K i T RS , ,'1:'1; \ \;._ i
A I-'igure 5-14 Servicing Prlnted ering Boards . 4
l"“' . ) o o S e T
| Sy et i
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" ¥ Y .
P . N . i
t R [ FLAEI SRR |
X ' ' r{. 1‘);4 ! ' S
: Jj SV ! ;
’ SO Y '
.]I_.' : H .', '4 N s
' s '.}_;w_'} | ! '




Ty

'. v . ' . g .,
R Repeat ﬁteps a thronlgh as, outlined in ’
Paragraph 5=37, B A g SRR

et Adjust R30 50 that the translent respohsa RSN
ls as shown in Figure §-9. _

tween +S (posmve) and 31 {commun) v ‘
0 Cbnhec.t uariable \mltdbe transformer be-

' . v

Q'tw'een S\IPPlYandlnbut power source. IR “ St f“ﬁ o

. L
} L L . . D
| . .

: . IR
m- !

Connect test setup ‘shown in Pigure 5-5

5 e, “Adjustiline to 105Vac,. : R p e I
it .J’, [.._’,r_"h;" . {,,‘;f}l‘.ﬂ‘. Gopnect decacte resistance ln place of s -73 CURRENT LIMI‘I‘ ADIUSTMENT / :
By ‘e, gSet’range swltrxh to hlg.u voltage mode a o j‘ s '
an.dtumonsupplv ""'.‘.' oo T S o At
. A5 Atjust” decade rests'ance 80 that voltagen : -74 \Tu adjust the current limit 5O that the supply o
hdicated by differential voltmeter does not change "can be used to fumish maxlmu[rn rated Outp\tlt cur- o
more tharl X OB milllvolts for 62048 and EZDSB o - rent. proceed as follows. A A

iie 946mv for 52063 as, lnputa llne voltage is varied

from 105 to 125vac, . : b. ‘Short'out. load resistor Ry). \}. R
i "¢, Replace decade resistance wlth approprl- G e, Set. RANGE switch to low mlage (h
ate ‘value resistor tn R46 posmon. Co = SR fkl_‘_ current) rnode. ‘

_ - d, Tum o supply and rotate VOLTAGE con- L
-Zl GONSTANT VOI.TAGE TRANSIENT RECOVBRX R trp?s fully clockwise (maximum), ' = . . \
TIME : ‘,y- o T T 's;.f "y e, Adjust R81.until d*fferentlal voltmeter
: ' CRRE ' o lnd!cates 3.5Vdc for Models 6204B and 62058 sup-— X

lies or 3, GVdc for Mouel 52068 supply. ‘

TR . :

'







replacement parts

' brevl.ﬂ‘ons.’ jl.. Lo

-2 This’;section conteins lnformatlon for ordertng
Table 6= 4 lists perts lh alpha-

i Reference Deslgnat' r
i b Descrlpnon.

see 1i ts at rear'uf thls manual fo::,addresses)

?'Specify the followmg imormatlon for each parr "

Model.\complete sertal number. and:'; any Option or

iy peclalnmodiflcation 0 numbers of the lnstrument, R B 5
By Hewlett—Packard part! number:\ circuit reference des- o

.! Lo ,lgnator'a and descriptlon. :

AL
v, Refer to Table 6 1
} Refer:to Table ﬁAZ for ab-

‘ fcontaining many suh-module\' 5! cembhes, sin whlch e
‘case. the 1Q. appears "the first time the part number
’lls'ed in eaoh assembly. !J..'.'l;'. URREE :
d Manufactur._r s Parthumber or Type. o
_! o Manufacturer 5 Pederel Supply’ Code Num= " -
Refer to 'I‘eble G 3 for menufacturer s name ands g

.H" ) ':l

- Parts not ldentifled by a reference desig- St

nator are.llsted at Jhe end.of Table B4, under Me- ;
. _{chenlcal anr.!/or Miscellaneous.
‘nof parts belonqing te and grouped by indtvldual as:
" ’semblies, th’e latterr consists of, all! parts "o
5’

as se mbly

.-|.r= capacltor

_blower (fan)
= clrcuxt breaker#

device; ;signai-, L
‘,_ing (lamp) PR

el
5

To: order a part’ ‘not llsted,
i ';:;fI_'able ,6 4, ‘give a complete description of the

il

eference Designators (Continund)

b
v ;‘it

=
ol
=
|
i

_ transformer
termlnal block

p- ,-.-pllug NI B "f'b,iuacuum tube.
1Q 21 ineon bulb
R Y ‘}' 'photocell. etc..

VRI 4= _zener diede '
X{,v'.'.-’"L' socket:

vyl
'

, cuit on detwork
o . \I g B o

integrat=d cir=

‘~" 'Lrabl'e.,s-_-‘.'z'

'Descriptlen Abbrevietions _'
R :

i
t

H .
Hz
IC

o Bivk

|P“
;ﬁmet

fxd:
Ge.

‘The. former conslsts ‘i‘ coef

DPST

x\

encap

I

-24

1

g

.l‘

incnd

Al

ampere. . mfr, = manufacturer
alternating 1| mod, = modularor
current’ . '’ .i,w ! -modifted’
assembly mtgi = mounting
= board " | , =mano 51009
bracket. Vi o NC L normally closed
degree SN B (o R} = normally open’
 Centigrade, ‘NP | = nlckel—plated
card % | A \""'= ohm"'i""*-'
coeffictent ebd = order by i
np .= composition o ’( ' 'description
‘. ..cathode-ray OD e outside S }'_;
" .:‘,tube e Lo dlameter ‘
= center-tapped p.. = pico = 10'12
= direct. current P, C iz printed circult -
..f,double pole, - | ‘pot. W= *potentlometer
double throw | PP = peak-to-penk
= double pole, ' - ppm = parts per
© single'throw ] milllon ',:,'
eler.:t ='electrolytic’ . ] pv'r ,peak reverse
= encapsu‘[ated . voltage! ‘ '. ‘
' farad v rect '= rectifier '
='degree ,' "I'ms = robt mean -
‘ Farenheit RS square
= fixed o 81 ‘= ‘silicon .
= germaniwn SPDT = single pole. -
= Henry _ .double throw
‘& Hertz " " SPST = single pole, - .
= integrated . "I L singler throw -
. circuit : ~’ 8S " .= small signal -
"% inside diameter T = slow=blow "
»incandescent |.tan.. = tantulum -
;,kilo =103 TL = titanium
3 milll = 10" AV T=volt
o '2'meqa = 108, var. - £ varfable -
" =imicro = 10'5 wwo & wirewound
= mel_:al 1 S W = Watt -

f




N\l el té_'sfs;

w-‘AN;UPAc»:'Ts'mtR :

76 Robinson Nugent. Tne, |

Torrington Mfg. Co.. West Div vl

: Van Nuys, Calif
N Translstor Electronics Corp. :

I.ltton Industrles. Inc. ;

A

TRW Semiconductors. Inc

'
! & '1.

'I'exas Instruments. Inc.
Se miconductor-Qompon

-

. \ EP
?ts Div
RCL L'lectronlcs. Inc. \
Amerock Gorp, - n
Sparta Mifg, Co,,,:
Ferroxcube Corp.‘.’ .

Fenwal Laboratories
Amphenol Corp.”

o

and’ Recelving Tube
G E. Semlconductor

i}

Transltron E‘.lectronlc Corp.. o

. !

iy S Cedar Knolls

\‘ b

Motorola Semlconductor ‘Prod r'lnc.

: General Elect;. Co,- Electronic

j Basslk Div. Stewart-Wamer Corp,

g Beede Eleotrical Instrument ‘Co,

’ Semcor Div Cornponents. Ine, -

5]

B O ST Minneapolis. Minn

EBY Sales Co,', Inc. \ gI#maica. NY.
Aerovox Corpy . Ncw edford. Mass.
[ Sangamo Electric Co.. _ 13\

'S, Caroliga Div, S ;Pickens. 5:G
Allen Bradley Co, ' Milwaukee. Wis.

o "' ‘Bever y Hllls. -Collf

: [ wndale. Calif

| Dallas, Texas
;[ Manchester, N, H,
| { . Rockford, NI,
{47 Dovey, Ohlo’
. &Saugerties. N.Y,
orton Grove, °lIl, -
L . Broadulew. n,

Radio Corp. iof Ame;ic- » Solid State:" N
Div, Somerville!. N. I.

oducts Dept, |
D Syracuse, N.Y.’
Eldema Corp. Compton. Calif.

T o Wakefleld Mass. _
Pyrofllm Resistor.Co Inc... . z B
N. }'

: Arrow. Hart and Hegeman Electric: Cc'.
. 'Hartiord Conn.
20 ADC Electronlcs. Inc. - Harbor Gity, Calti
3 Caddell & Burns Mfg. Co. Inc, :
" Mineoly, N Y
- *Hewlett-Packard Co Palo Alto Di'.r. 8 -
’ ST pale Alto. Callf

o : l"hoenix. Arlzona
Westinghouse Electric Corp. s

;|- Semiconductor Dept. s Youngwood. Pa.-
- Ultronix, . Inc. ) Grand Junction, Colo.-
‘ Wakefield Lngr.,Inc. \ Wakefield.,Mass.

Capacitor & Battery Dept 'Irrno. S, C

Bridgeport. Conn.
: IRC Div. of TRW Inc. P
g Semiconductor Plant; .. Lynn.,Mass.
40. Arnatorn Electronic Hardware Co, Inc. .
Yo fNew Rochelle, N, Y

- . Penacook. N H,
66 | General Devlces Co. Inc.
X R Indianapolis. Ind

.. Phoenix, itrizona
New Albany, Ind

2y

“Gode List of Manufacturers, . © . . . el e
- SR R e i S R L

CODE [ o vt ot e
[.NO. | MANUFAGTURER, ... ', ADDRESS|-
07138 'Wes‘tnghouse Electric Corp._‘ "‘
B B Blectronic Tube Div,. Elmlra. N 'I’
S qu_ss Fairchild: Camera and Instrument -
Y R Corp. Semlconduotor Div, . ‘
SOl I Mountain View, Cnlif
07387. Birtcher Corp... 'l'he I Los ‘Angeles, Calif,
07397 | Sylvania Electric Prod, Ine. '
T .Sylvania. l'.‘lectronic Systems ‘
| ¢l .Western Div, .’ . Mountain View, Calif,.
: 07716 IRC Div ot TRW Inc. Burlington Plant . '
|1 - Burlington. Iowa.
‘07910 Continental Device Corp. .= .
fow! Hawthome. Callf
07933 Raytheon Co. Components Div,
S " 'Semiconductor Operation -
' Do A Mountain Vtew. Calif
08484 Breeze’ Corporatlons. Inc, Union;’ N.T,'
08530 Rellance Mica Gorp. *  Brooklyn, N.Y,
‘08717, Sloan Company, The, Sun Valley, Collf
.| 08730 chaline Products Co. Inc, Wyckoff. N ]'
| 08806 | General Elect. Co, Mlnia-
sl T ture Lamp Dept, Cléueland. Ohio
08863 ‘| Nylomatic. Corp.- - . Norrisville, 'Pa;
© | 08919 {RCH Supply Co;. -~ .. . Vernon, Callf.
lOQ_OI‘H. Airco Speer Electronlc Component.. s
R - Bradford. ‘Pa,’
X ;_0918_2 *Hewlett-—Packard Co. \Iew ]ersey Div, -
o R B e Rockoway.NI
. ‘09213 General Elect..Co. Semiconduc or. - .
S HEEN " 'Prod. Dept, A Bu}falo. N.Yops
3 ‘_0921‘4| General Elect, /Co, Semiconductor SENUES ot
| {Prod, Dept. Lo Al‘lburn. N, 'y,
=09353: C& KComponents Inc.‘ ‘Newton, Méss.'
.| 09922 |Bumdy Gorp,! - M “Norwalk, Conn.
“| 11i1s. Wagner Electrlr' Corp. Cooa A Ly
. - | Tung-Sol Div. . ' Bloomfield, N, I.
11236-|CTS of Betne, - Inc. . <%~ | Berne, |Ind,
‘11237 Chicago Telephone of Cal, Inc. '
v, So. Posadena. Calll’
11502 IRC Dlv. 'ot TRW Inc., Boone Plant o .
& P : Boone. N C
11711 Gcneral Instrument Corp k !
1 Rectifien Div, it ewark. N ]
121_36 Philedelphia Handle Co. lno::.l Cow,
T - nCamden. I
12615 U, 5, Terminals, Inc. Gidelnnatt, Ohio
12617 fHamlin Inc. Lake. Mllls. Wisconsin
12697 |Clarostat Mfg, .Co Inc,. .\ Dover, N, H.
113103 Thennalloy Co.. , .- ‘'Dallas,’ Texas
] 14493 *Hewlett-l’ackard Co. boveland Div,
IR FE  Loveland, Colo,
114655 Cornell-Dubllier Electronlcs Div, -,
Federal Paclfic Electric Co, -
| I ‘”' . Newark; . N I.
{14836, General Instrument Corp. Semicon
1 - | ductor Prod,: Group ~ -Hicksville, N, Y,
15801 | Fenwal Elect, . * | Framinghim, Mass,
16299 Coming Glass Works. Electronlc AR
A B Components Biv, Raleigh, N, c.

| wUse Code 28480 asslc_ine'd-to Hewlett-Packard Co, ' Palo Alto, CAlifornia’ |
L [ . :.‘ ‘ L .‘ . "‘h'- ‘ -




able 5-3

S

oy T
; )

%NUPAQTUﬁER AT -ADD‘R‘._Es'sJ

L 1'5'756'

= 17545

N U

i '17'é"70

. 13324

|stsia

1133173,
135434
(37942

“|aza90;
|asszs

: 44555.

. 47904

31827

46384

49956

' Control Div,

6 | Pamotor;’ e, 7 -

| Hewlett-Packard Co,"' o
| Heyman Mfg.' Co,
| MG Magnetics Corp, \

4| Supertor Electric Go, . . "'
. Syntron Dlv of E‘MC Corp.. ‘

“Union Carbide Corp, -
: Ward Leonard Electric Co.. S

Delco Radlo Dlv. of Generol Motars Corp...

AR * Koko,mo.‘ Ind
Atlahtlc Semlconductors. Inc. i

R .. Ashury Park. N. I'

‘Fairchlld Camcra and Instrument Corp
" H Semleonductor Dlv. Transducer Plant -

o 'Mountain View, Calif,
Daven Div. Thomas A, ’Edison Industries

McGraw-Edlson Co. Orange. N.J.
Signetics Corp;
Bendlx Corp.. 'l‘he Navlgation and o

Electra/Midland Comp,. : _
AR . -Mineral Wells. Texas

f 'Fansteel Metallurglcol Corp.

No, Cnlcego. i,

' Unlon Carblde Corp. Electronics Div, - =
' Mounteln View, ,Caltf .

'UID Blect -mlcs Corp,

"n‘l

Hollywood, \Fla,
' Pampa, Texas

General };lectrlc Co. S 'Schenectady. N.Y.

: General Electric ‘Co, Lamp Div, - of Con-
o ;‘: sumer ‘Prod.. Group, ‘
B A f . Nela. Park Cleveland, Ohlo‘ ‘
. General ‘Radlo Co,
. =}'..'I‘\I Electrosystems Inc Memcor/Com—
.| “ponents Operations -
: Dynacool Mfg. Co,’ Inc.. uSaugerties. ‘N, Y’, }
2 Natlonal Semiconductor Corp, ™!

West Concord, Mass. |

-Huntington, Inrl._'

! S Santa Clera, Calif‘

Kenllworth. N I.

1 New Hampshire ‘Diy, - Rochester. N. H
SAB Advance Packaging.. Inc. S K
g
Budwlg Mfg. Co. e
G.E, Co. Tube Dept.
Lectrohm, Inc, .. e
P, R Mallory & Ca,, Inc. -.',. '
ALY AR Indtanapolls. [nd _
Muter Co. S ~ Chicago, III '
New Departure-Hyett Bearlngs Div.: | L
- .General Motérs Gorp, Sandusky, Ohlo
Ohmite! Manufacturing Co.’ Skokle. m.
Penn Engr. ond Mfg. Corp. Lo :
SR Doylestown. Pa._
Polarold Corp. 43" ! Cambridge, Mass,
Raytheon Co, . Lexington, Mass, -
Slmpson ‘Electric Co Dlv. of Arnerlcan
- Gage’ and Machlne Co.! .+ Chicago, .
Sprague Electric Co,- | North Adams, - Mass.

Ramona, Calif,
Owensboro. Ky,

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

Thomes and Betts Co.,

1

| E.!.‘_' : . ' Mt 'Vernon. N Y

'Sunnyvale. Calif,’|

‘I‘eterboro. N ]’ 1

Brlstol. Gonn. .

. TR A SR
. ‘,'.!ﬂ_ o 7“‘."‘“, .

"Palo Alto, Calif, | .

e _‘Santa Ana, Callf.. '

“Ghicage, I, |

i 0y .'a.J ’i‘ . ".
' ] B : ) BRI 4
‘91\%?‘3 MANUFAG'runtR ADDg.r:ss‘ [ERR
| 70563 | Amperite Co,"Inc. .+ " UntoiiGleys /NJT. | -
70801 | Beemer Engrg, Co.., Port.Washlngton. Pa. ‘
;70903 Belden Corp, ¢ L Chicago, 1lI, K '
71218.| Bud Radio, Inc, - . Wllloughby. Ohlo -
71279 .Cambrldge Thermlonlc Corp. f i
N ‘Cambridge) Mass. _
| 71400 | Bugsmann Mfg. Div, of McGraw & L .
.- - |'EdisonCo, . .~ .- St Louis, Mo,|
-} 71450 GTS Corp. co Elkhnrt.lrid” L
71468 I T T, Cannon Electric Inc. ..“.;!; : ' '
T R Los ‘Angeles,’. Calu’
71590 GIobe-Unlon Inc. v
... | -Centralab Div, = " Mllw.:lukee. Wis. - i
71700 General Cable Corp. Cornish . ' v
"] Wire Co, Div. ' Williamstown, Mass.
| 71707} Coto Coll Co, 'Inc.' < Providence, R.I.
| 71744 Chlcago Miniature [Lamp Works - :
e o Chlcago. lll ,
71785 L-lnch Mfg. Co and Hownrd ' Y
T B, ]oncs Div, . Chlcago, Ill o
171984 ['Dow Corning Corp, /. Mldland Mlch
72136 Electro Motlve Mfg. Co. Inc. Pt
_ : "0 Willlmantic, Conn
72619 Dlallght Corp. W Bracklyn, N, Y,
72689 | General Instrument Corp,\ Newark. N.I
72765 Drake’ Mfg. Co,' ' Harwood Helghts. m, |+
| 72962 | Flastic’ Stop Nut Div, of . '
. * Amerace Esna Corp. ) Unlon. N I.
?298_2 Erle Technologlcal Products. Inc, Erle,, Pa, o
73096 | Hart Mfg.' Co, Hanford. Conn. S
73138 | Beckman Instruments Incl, o S
e Hellpot Div," ' / Fullerton. Callf v
,° {73168 | Fenwal, Inc," - " Ashland,” Mass. PRI
73293 | Hughes Aircraft Co,. [:lectron o oo
"~ | Dynamics Div, Terrance, :Galif
73445‘ Amperex Electronlc Corp. , e
} B L chksvllle. N. v
73506 Bradley Semlconductor Cofp L
3 N o New Haven, Conn. o
- }735589" Carling Electrlc. Inc. - ' Hartford,- Conn. C
173734 Pederal Screw Products. Inc, =
7 Chicago, NI
74193 Heinemann Electrlc Co. ' Trenton, N.J, ik
74545 | Hubbell Harvey Inc, Bridgoport, Conn, |' .
74868 Amphenol Corp. Amphenol RF Dtv, .= R
Y Daubury, Conn, | !
74970 }E. F. Johnson _Co. ‘ -Waseca, Mian, |' "
75042 | IRC Div. of TRW, Inc, Philadelphia. Pa. "
75183"| *Howard B, Jones Div,- of Clnch -
Mfg. Corp." . New York, N Y. |
75376 { Kurz and Kasch, Inc, o Dayton, Ohto o
75382 .1 Kilka Electrlc.Cprp. ) Mt Vernon. N. Y. '
75915 | Littlefuse, Inc, . --Des. Plalnes. IlI
76381° Mlnnesota Mtntng and Mfg. Co. -
) : 'St, Paul, Mlnn.
76385 Mlnor Rubber Co.- Inc. : Bloomﬁeld. N I )
76487 Iames Mlllen Mfg. Co. . Inc. . o .
: ' ‘ Malden. Mass R
75493 ] w -Miuer Co,.. - " "Compton, Galif," .

L

Code Llst of Mnnufocnirers (Contlnued) IR L

BTN LAt
, )

B *Use Code 71785 asslgned to Clnch Mfg. Co. 2 Chlcego. IlI




" Table Fﬂ

E n?
.

Code Llsr of Manufecturers (Contlnued) TLy a e _‘ J

SR e o pgl e

: o nopass-

," CODE

.EMANUFAGT‘U'RBR‘-_‘ G

ADDRESS"

Amerace Esna Corp. e

- Brookfie ld. p Mos s.

o oNOL
= 76530 'Cinch “Clty of lndustry. Callf t ] B3sos "Crant Pulley and Hardware Co. : .
' 76854 ‘Oak: Mfg Co. Dlv. of Cak - " Y IR F : West Nyack. N.Y.
T o Electro/Netlcs Corp. Crystal Lake. Ill “| 83594 ‘Burroughs Corp..‘:‘.lectronlc o
,:,77,063 Bendlx Corp.. Blectrodynamlcs Div, .7 o[ .Componcnts Dlv, - :Plainficld," N, I.
NI RPATIETER No. 'Hollywood, :Galif, 83835 | U.S; Radium Gorp.""  +Morristown, N.J.
“77122 iPalnut Co'. : S Mountainside, N.J. B3B77 ._-Yordeny Laboratories, Inc:. . - e
: 77147 Patton MacGuyer Co. Providence. R. 1L 2 v Yo New York. N. Y.
'77221 ‘Phaostron Instrument and Electronic; Co. . 841714 Arco Electron!cs. Inc, Great Neck,’ N, Y
S gouth” Pasadena. Calif, 84411 | TRW Capacitor Div, - - Ogallalo. Neb,’
- 77’252 ;Philadelphla Steel and ere Corp, - ‘ 36684 RCA Corp. Electronlc Componenls Cs
3 RN & S Phlladelphla. Par|. . o Harrlson. N.J.
'.'773_42. American Machlne and Poundry Co.: -, o BbBSB Rummel Fibre Go.. (/. Newark. N, ],
i ‘Potter and Brumfleld Div; Princeton. Ind o 87034 ‘Marco & Gak Industries a Div, of Qak ' -
77630 ‘TRW Blectronlc Components Diwv, - : I . Electro/netics Corp, ‘Anaheim. Calif,
L e T o Carnden. N T 37216 Philco Corp. Langdale Div, Lansdnle. Pa.
: 77764 Reslstance Products Co. G Horrlsburg. Pa, : 87585 "S'ockwell Rdbber Co. Inc. g
g 378159 -llllnois Tool Works Inc.‘Shokeproof Div. | \ oo ' Philadelphia, Pa. |
: - Elgin, - qLl o 87929 Tower-olschan Corp, Brldgeport. Conn, }-
:_;78452l AEverlbck Chlcago, Inc. o Chicago, . ‘\' 88140 -Gurler»Hammer'Inc. Power Distribution
*78488 | Stackpole Carbon Co .+ St Mar}'s. pa.l " - *and Control Dlv I..‘ncoln Plant
78526 Stanwyck’ Winding Div. San. Pernando. s RN R b o “Lincoln} M,
S Electric Mig. Co, Inc. . Newburgh, N.Y: AR 88245 v thton Prec!slon Products. Inc. USECO
78553 | . Tinnerman Products,’ Inc. Cleveland, Chiaf ' -.".". ' |- Div, Litton’ Industries  Van Nuys,’ Calif,
78584 | Stewart Stamping Corp, . ', Yonkers. Ny, b v 190634 Gulton Industries Inc, .- Metuchen. NI
| .Waldes Kohlnoor. Inc “L.LGy, N.Y: 1’90763 _United-Car Inc, L Chlcago. m.
Whitehead Metals Inc. i New York, N.Y. 91345 Mlller Dlal .and Nomeplate Co. oo
Cor‘t!nemal-ert Electronics Corp,: .- AR ) ~uEl Monte. Collf
Lo .Philadelphia, " Pa, [ s 91418‘ Radio- Moterlals Co. - Chicago, NI
Zlerlck Mfg.. Co. T Mt Klsco.'N Yoo 91506 ‘Augat, Inc, _ Atrlcboro. Mass,
Mepco Div of| Sesslons Clock Co. Y BT -91637 : Dale Electronlqs. Inc. Columbus. NEL.;
Morrlstown. N J. iy 91662 Blco Corp, - \ 'Wlllow Grove. Po.
Boums. .Inc. B '\ Riverside; " Callf v ‘91929 -Honeywell Inc. Dlv Mlcro Switch . g
Howard Indust!;les Dlv. of Mgl Ind, Inc, "0 > 1 - Freeport, Ill,,
r ;-‘ Racine. ‘Wisei| ;. 92825 .Whltso. Inc. - G Séhlller Pk.. IIl
_ ,Grayhill. Inc. Wt La Grange.*lll o ,93332 Sylvania Blectric‘Prod [nc. ‘Semi~. -
) .Intematlonal Rectifier Corp, R A a'condlrctor Prod, Dlv A Woburn. Mass.
v EL Segundo. Callf LT ‘9‘3410 Essex Wire Corp. Stemco Lt s
. Columbds Electronlcs Corp. Yonkers. Nl | o) Controls Div, Mansfleld. Ohlo
82089 Goodyear Sundrles & Mechanical Co,"Ine. [ ', " ‘9‘4141_4 ‘ Raytheon Cé. Components Div, ot
Lt ol L New. York, 1 & EEEENFE] B I (o1 N Components Oper. Qulncy. Muss.
82142 ¢ Alrco Speer Electronlc Components PRI SRR 94154 Wagner Electric Corp, . -
o Dt Bots. Pa. R o=} Tung=-Sol Dlv R lelngston. N. I
822191 Sylvani Electrlc Products Inc. R o B .. | 94222] Southco Inc, - ) - Lester, Pa.
S04 Electronig Tube Div,. hRecelvlng 7195263 Leecraft Mfg. Go, Inc. U LLCL NUY.
|7+ Tubé, Operations i Fmporium. Pa. - 95354 Methode Mfg, Co, Rolllng Meadows. n.
82389 ,Switc’g‘lcroft. Ing, .+ v Chlcago.r Ill 95712} Bendix Corp,’ Mlcrowave 8 V
82647 .Metals and. Controls Inc, . Control ; ] +Devices’ Div; ' Franklin. Ind
" Products’ Group - Attleboro. Moss. L 9598"7 V,Weckesser Co: Inc. Chlcago. Ill
82866 Research Products Corp. Madlson. Wis. ... 96791 ~Amphenol Corp, Amphenol
32877 ! Rotron Inc.. .\ Woodstock. NYo oy - Controls Div, " Ianesville. Wls.
82893 Vector Electronlc Co Glendale. .Callf o ‘97464 Industrial Retainlng Ring Co L
83058 ‘Carr’ E‘astener Co.‘ Cambridge. Mass. o : : Irvlngton. N. I.
- 83186 _‘Victory, Englneerlng Corp. }-". | B 9_7702 EIMC Mcgnetlcs Corp. Eastérn Div, N
P RN & Sprlngfleld N I. B W‘?Stb”m Ny
B329F Bendlx Corp.Elcctric Power Div," Joevoiit |-98291 ,_bea‘ectro Gorp. 5 Mamaroneck. N, Y.
S -,,Batonrown. N.JOL o] 984100 ETC Ine, oy b ] , Cleveland, Olio
83330 Herman H Smlth. Inc.. i Brooklyn. N Y.r ‘1 98978 ‘International Electronic Reseorch Corp.‘ -
C’entrol Screw Co, Chlcago Ill BRIt I o 'Burbank, Calif,
: Gavitt Wire and Cable Div, of ot ee934 'Renbrandt. Inc.‘_ff‘ “-v_-,‘ " Boston,’ Mass,
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[IFIP it

i R " MFR;
| ' MFR. PARTNO, :-

_CODE

Ay fxd.
': fxdn
: ,fxd.
' fxd,

 fxd,:
(.fxd.

’i, (RERr
‘ -NO'I' ASS!GNBD

. NOT ASSIGNED .
' ‘Ract 51, 400mW lopw o
| Rect. 51, '400mW Yoprv’ !
- | Rect. 'S1. 500mA 200pry
“Rect, Si./250mA 200prv -
‘Rect. S1.”500mA 200prv. -
‘| 'Rect. S, 250mA 200prv .
- Rect. Sl. SOOM 200prv' i "

fllrn,. Oolpf 200Vdc
‘alect 4,7Af 35Vdc

elect 100uf 50Vde L

elect 490}1{ B85Vdc -

ceramic: | 05uf 400\::!&: S

el,ect BOpf 300Vdc

| ss.pw. pist Amp
1| vor AssiGNED

NRTR

1 Lamp Néon

| Puse cartrldge Z\ zsov 3AG

‘88 PNP 84,
“’SSPNPSL :

1" Power, ' NPN Sl
88, PNP 8t
ss:an-sz.y

| ww 1K 45% 3W

E NOT ASSIGNED a

| var.
ol Exd,
.| fxd,

fxd,
| var,:
| fxd,.
i .f.‘xd

ww:1, SKn *5% 3W

WW 5Ka (Modify)
Comp 1Kn 5% AW |

comp 560Ka 45% }w
‘ww DUAL10K-100

comp (Selected) 5:5% -}W
comp 5.1Ka 5% 4W

L

f Rsct. 51, 250mA Zﬂﬂpw

‘‘met, ﬁlm 5. 2Ka i:l% I/BW'
- met, : fllm. 23Kn &1%. 1/8W
met, ‘film 1,5Ks #1% 1/8W *
1¢:t:>mp 360&-. :l:S% }W co

comp 2 4!{.-. 5% }w

Vo .

ISR LN N Mo

@i Na R

SR )

192pP10292
'1sppgysxsosssgt

N

| ssciza -
14858 - |
'IN4828.
| ivasae -

Tanazsa -
| 1ngsse -

Do . R
It . .
' . . B
. BT

'IN3253
1N4B5B"

3

24231025 IR }

Type CEAT-O "

Janazsa’
TR R:
!;" A ! ; .) :
:“ .Ti:. '

Type CEAT-O .

a-=645 7{ f;'-’

24251325 ‘

Type EB (obd)
B-'5125

Type 110-»!-'4

. |- EB=1025"". -_'_',' ‘;\j:
‘555_242'5 f S

| Type CEAT-0 .- |
|EB-36as - |

FRTR v

I s PR
Ly I
e R B

‘L.

09182,

01121

' 09182

| 56289

o1121
‘01121,
11236
01121

onz

[olaqeiasz

]

0180-1836 |

R

- 0160-0153

0180-0100

0180-1888

. 0150-0052

| o180-1851
' ,1?91-00531

'1901-0461

19010460

' .1901-0389
'1901-0033 .
:1801-0389

-1901-0033 -

| 1501-0389

2140;0244~

:J211o-oouz g

"f1854-0229’

f1953-0099

| .1853-0041-
- 1854-0225

_;11353-0099
1854-0071"

.,0&1 3-0001

0698-5087

. 0698<3269 |-

0757-0427

{.'066_6-3645 “f

Ve
]

- 0686~5645

2100-0997

0811-1803 -
' 0686-5125 -
2100-1624 .-

10686-1025 ‘|
' 0686-2425 .

O e

|
1'Y

=R

P R B

et b e

. bl ‘!. ;; i
e b o P
iy +
i a8 !
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. . . | .
! I PR . |
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, B .;.;_. ,' - ‘,:.,.‘.; i:.-: . "- . .4!; ) S R = MPR. B . . "<.‘ : .; ‘ oy
7. DESCRIPTION: .- o] Bl .;--_MFR- _PARTT NO. | copE, kpmgi':o._ RS
;-"‘._ i ‘p_- : :_“."<"-E":.“.' ,.‘.r: ’ " B I g ,! . )“..I - N 1. .‘L,\‘\ . L
 fxd, comp 300 25% W, . ,..iz_-- 5-3015 01121°| oeB6-3015 | 1
fxd, comp 12Ka 25% W o 2. | EB-1235 01121 | .0686-1235" | "1
'fxd, comp'6.8Ka 5% W -2 | EB-6825 . . |'01121'} 0686-6825 | 1’
fxd, met, film 470 1% }w 2 | Type CEB r—o .- '| 07716 | -0698-3506 | 1.
fxd, ‘comp 47Ka £5% W . . .2 | EB-4735. 01121 | 0686-4735' | 1
_| fxd, comp 5.1Kn #5% }w, L | EB~S125. 0112l { 0686-5125 |
| fxd, comp 100Ka £5% W ‘2| EB=1045' {.01121"| 0686-1045. | 1
- |, fxd, comp 680n 25% W 2| EB~6815 | 01121 | 0686-6815 | 1.
fxd, met, ‘ox 5% 2W - | 2 Type c4zs .y | 16299 | 0698-3642, | 1
. xd, comp 20Ka 25% }W .. .. 1. 2} EB-2035 ' -''f 01121 | 0686-2035 | 1
 fxd, met;” film 1,21Xn 1% 1/§w ‘1 2 | Type'cEA. <0 07716 | 0757-0274 *| ‘1.
‘fxd, comp 470a £5% iw 2‘ 'EB-4715 ', ' »1.01121 | 0686-4715 ] 1
fxd, 'ww 5a 20,5% AW . 4% | Type E=30 '+~ |'01686 | 0811-1920 [ 1.
fxd, met, film'1,69K. 21% 1/sw .- 2| Type GEA T-0 '] 07716 "0658-4428 | ' 1
fxd, met, film 3,57Kn %1% 1/aw 2-| Type GEAT-0 -~ | 07716 | 0698-3496 '[. 1
fxd, met,’ film 196n 21% 3/aW . [ 2 | Type GEAT=0O - .| 07716 | 0698-3440 | - 1'
‘Bxd, met. film 4,81Ka 1% W 2 | Type GEB'T-0 - | 07716 | 0698-5147 ; 1.1
fxd,” met.” film 45K, 21% 1/aw .| 2’| Type'CEATzO - | 07716 | 0698-5091'-| ‘1
var, ww 250, (Modify) . SE P Type 110-F4. '11236 | 2100-0433 |, 1
fxd,: met. film 42,2, $1%’ 1/aw - 2,| Type.CEA 'I'-O’, 07716 |.0757-0316" ] 1
'fxd, comp’ 331:.\15% }w o ,,;_1 | EB-3335 01121 |.0686~3335 | .1
Var, ww IKn oo n0 e T g | rype 110_—r4 ’11236 { 2100-0391 | 1
'Ihermlstor 64;\:&10% -j. et 1.315]1 . | 02606 | 0837-0023 | 1
Switch, Pilot/Light (Red) RS SRRTEURIE PR IR R
« Push.ON/OFF SPDT - B 54-61681-26 Am '87,034 +3101+0100 | 1
Rotary Swil:ch Concentric Shafts AT IO T DR o) 08182 |°3100-1913" |° 1
Transfonnar, lPower ‘ D :‘.:.1:“.’ 3 L " 09}62' 9100-1821 ‘1 (
Diode, Zener Qv “l 27| aneza | o6a8s 1902-0761 20
Dlode. ZenerG'IQV 15% 4enmw "2 JN7s3 04713 }_99_2-0049 2!
R T B ' }E Yy ‘ o "

K MISCELIANEOUS q ! N “L li\"!.'-'f“ }
Cover. Topt e g ) " w7| vs1s2 | so00-6081
‘Chassls, Right ; PR B T R oo 09182 ] '5060-6118 |
;Chassis,” Left BRSO U3 L S | 09182 | s060-5119 )
:?::il. %nt - [T U 1 A S o || oaez; oszog-ooom 8
b dng st aroon) AN N R B, -09182 |1510-0040 - s L

nding Post (Black) . SRR DA I 52) 73 o B 58474 | 1510-003% | 1"
"Knob," Black (with Pointer) Covleep e e o Lostez | oeszotoner | 1
gob. Red " b | :_09132 0370-0101 " | 1"

ob, Bar,’ Rad (with Polnter) .} 2 + ;09182 | 0370-0102 | '1-
‘Knob, Black - - il 2 09182 | 0370-0179 | v

- 7.1 Meter 23" Dual Scale u-sov o- 75A g2 | 0s182.f 1120-1230 | ‘1°

1. Bezel, Meter 1/6 Mod ' AT -1 | 09182 | ‘4040-0295 '] 1
Spring, Meter' - . ';y' .8 100} 09182 | 1460-0720, | 2,
‘Guard," Barr!erStrip " N e Lo | - 0S182 | 5020-5541 '|...
Cable Clamp '~ " S 1 B 1'4- S A 79307 l14oo-0330, -
‘Strain Reltef ausmng A1 SRRl 28520 | 10400-0013,f 1’
.Line’'Cord Plug.PH151" 7?’* . +1 | KH-4096 - " 70903, em-ooso” 1
Jumper, 'Barrier Strip . ;10 f 422-13-11'013 . | 71785.] 0360-1143, ] ‘2
Plastic Extmds!on Bamer Strlp O T O I 5 TP R 4040-0067." iR

/' Barrier Block - oy ke vt 0 09182 | 036012730 1 -

e Ii"t.hl‘_eh(oldar'h;!.";.-“',..' s T 1 342014 75915 | 1400~0084.f 1

Clai PYLSL f’, Vi, & N ot R R e 'j_ L '!
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L RIS B
A SNy

“MFR,’ PART NO,

_PART NO,"

?Bracket. Thansf hdtg

: Bracket. Heat Sink

1 Heat Sink, . Rear .

| Rubber Bumper- (Feet) ;

Printed Circuit Board

Board *,

"Heat Dlssipator (Q7 Q4)
‘Mica Insulator (Q7,Q4) - :
‘Insulator,’ 'rranslstor Pins (Q7 04)

1

‘Rubber Bumper. Printe:l Clrcuit

Ll ol o

R NSy SEN

. .: «_(:_I_. ;
MB50 ;

‘| os182

109182

: 09182

87575
09182

87575

05820

08530
. 09182

v ok

T
06205-00002,
'5000-6060
0050-1035

0403-0088 |-

06205-20020.

C ke I R

. 0403-0086
'1205-0033
103400174
0340-0166

Insulator (07,Q4),. 1 * ‘09182 | 0340-0168 |
‘| EndCaps . - ‘ 09182 | '9220-1218
| carton .. 3»' ’ e A ‘09182 | 9211-0848
: "'.- L. e E ‘i 1 )
n~mﬁ~ﬁ,._*:- i N SR g S
o irg,-ORHOND7 S o I !
: '10-'1‘um Output Volmge Control S RN Py . N
.\ " L .- SN
| var. ww mxn*s'x. (10 ‘I‘um) BN R 09182 | 2100-1866
Knob - - : {2 ! 09182.| 0370-0137 !
: : i M ' o b ) S A N
:,,‘ w1 ! .
- OPTION 13 ‘ \. i B VA '. I
: ID-Tum Voltage Control e , ! e
: wnh Decadlal A y.,r‘ J4 3 . o Joe
var, :ww 101{n s:ses (10 'l'urn) o 2 T Losrsz | z100-i8s |-
Decadial SSRGS ] 2 [RD-412 . 07716 '1140-0020 -|
A v L e ."‘_ . 1. R "
' SR 3 "o o
‘.' ! i‘ v 4; ; ‘ l‘:‘ | -
-.:._ o ; ' , ‘l i . )
3 S Y ' R »
[ T ‘ o .
b o . » 1 e
i .v‘ P ‘ : . , o
! B b -
v ) Wt ._‘I . ‘
N ‘ ' .", St ' ; .
S v, :‘“ ‘
L ! S 5
i ’ X t . . ‘,‘ " .‘3'.
L g - '
AR [FRAR
'_ - . '|‘— - ]
e | L RNt
1 e a0 ! "‘ \ r T
. .o " it . N . |
o S . N
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DESCRIPTION' PERLAR L T S P i B ) P “
. y " " Y """ ! J" A I‘I. ' SIS ‘| ot ! '\. Vo Yo,
'

-j-‘~ This option i Installed 15.DC Power ‘Supplies, szoos. 62013. 52028, 62038, 62048, ‘and 62068, and’ |
' tested at the factory. It consists of a prlnted olrcult board. serewdriver-type front panel potentzometer. ’
and slx wlres that are soldered to the maln power supply board.n " o Per Ty

(o i |

:) ‘ L ;'l .\-.‘]1 _ H ‘ -”; N ‘ . "_-“",; I

b T}-e crowbar monitors the output voltage of the power supply and flres an. SCR that effectlvely shorts

the’ output when it exceeds the’ preset trlp volt,nge. The trip voltage is. determlned bly theé setting of the "

J' CROWBAR ADIUST control on the- front ganel The trlp voltage range 1s as t’ollows' w S _

:sfj i .-'l“‘-*‘ \, t" S . . !'_ ". o ) B ‘\'Ij'_‘ o . '|‘ E .

U L Modet ) cB2008 - 62018 | 62028° | ‘6203 | 62048 | 62058 | -6206B |

< 2| Teip Voltage Rarige” | 2.5-44v | 2:5-23v. | z'fs‘l-'étﬁvfi, 25-1ov | 20s-aav | 2i5-4av | 2.5-65v

.al.;‘ M "j | : 0 \ ] X “I ,‘ - _':“\I X ,".‘_" ‘\ R - . ) J. . |
S 3 o L SO T e ‘ ¥

‘ g To prevent translents frﬂ Al falsely trlpplng the crowhar. the trlp voltage must be set hlgher than the
power supply output voltege by ‘the following margtn- ‘4% of the output voltage pl}lB 2\!. 'l,‘he morgin repre—-:
‘ sents the mlnimum crowhar trlp setting t’or a given output voltage the trlp voltage. can ‘always be set highe P

i' S .tha”n thj?‘.mal:gm KEI . vy oo S nf’.m‘."‘;‘ _ . -. "y JI :
X SRR SR i B ) 'F - ."
Ly 1 ‘_rn the CROW‘BAR ADIUST Eully clockwlse to set the trlp voltage to axlm m.=- .«j‘,/';f' . ' " ”
e '* o) {l _“. ‘ : -..'l iy 1“, ."" . ] |! ) i . .ll‘..‘-"
2 : Set the power supply VOLTAGE oontrol for the deslred crowbar trip’ vdltagJei'. To prevant lse c:row--= Lo

bar trlpplng. the t.rtp voltage should exceed the desired output ‘ol,age by th@ \followlng amount:;tj 'of the B ",'
output voltage plus ZV.. AT 1‘- o \ f)lfw” At

’ P [ """"l "' : o ‘ : h
TR .Sloww\tum the CROWBAR ADIUST ocy} unttl the crowbar trlps. output goes toruv ora small posl- Sl

‘l?
!:‘»~l_‘.

: tlve voltage. Lo t.. i o Pt e 'i*"‘
L R R A A -f‘- ’ 4 =‘,'\.H /ﬁ-’ ‘ ' R !
SR 4 The crowbar wlll rematn actlvated and the output shorted untll the supply ls turned off 'l‘o reset o
o the crowbar. turnthe supply oft‘. then on. . r B i, ., sy R “ ,,;‘“-;u.
. i . ‘, . ‘f,\ ' . " S Yo TAN

potentlometerRS. e
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Manual backdating changes descrlbe changes necessary lo adapt this manual to earlier instmments

; o,
P T v

e oot APPENDIXB v oo o e
.. ", MANUAL BACKDATING CHANGES . -~ °

I . ."
A

To

adapt the manual to serial numbers prior to 702301 inspect the followmg table for your serial number and -
then make the approprlate changes.. aFcr serlal numbers 7L4450 and up check for lnclusion of change sheet‘

viprefix’ | . Number .’ CHANGES AN .
R I , L -. Rz .
M7 | 2300 < down [ L "B —— W1 a0y .
T -“1“ N L : whe L , . e . . . q :
.!. . ill\ -‘. z , SR . . “ -l.‘ . [ : B ". ‘ L
'-,"-{ ERCTINETN CHANGEI-"‘ o S
In the replaceabla parts table. make the' followlng | g '

. changes-’ e
.'EI"'_t Delete 010 i

v o Delete RSY. IR =
e _'_Change R53'to fxd. comp 10.-; tS% &W. BB-IOOS, .
01121, @ Part No, 0686-1005.. '
“Change R54 to fxd, Ww 5,25n £0,5% iw, Type v
:-'B-BO. 01686, @ Part No,.0811:1921;, C
‘ Change R81 'to var, ‘ww 100, 'I‘ype 110-1-‘4. : L
uzas. @ Part No. 2100-0281. oL T e

On' the scheniatlc remove transistor QIO in'current

: llmlt circult and connect clrcuit as shown 1n . )
-}-3 _-_The circuit descrlption Paragraph 4-19 should now _'
G _read as follows: =, .- R

4-19. Current limiting occurs when dlode CR‘S
becomes forward biased, ‘Its anode potential .-
ls determined by the voltage at the base of Q4.
The cathcde potennal of CR16 is5 determined by

“ " _the voltage' drop across resistors R53'and RB1. .
. ‘ W rl, B N . . o
‘i‘l‘J". .- ‘- ‘\
. ! '? ' [
.\:. .l.! .‘; o . !' I S,
\ ' . | n‘ . |
' : v 1 .
b fil
v,
1
TR y
._': o ; (I
B -‘\‘ , .
. v : l‘,. .
.{_\ “ , 1 ' )
b ! f- .»_',. L
‘ ' Ve
“-".fA,‘-_' .
“"‘ :1., v |

hF

" Pigure B'»‘l.‘-‘:" o

which in tum, ,are connected across the cur-- Y

rent sampling resistor(s). The cathode poten-

~tialof CRI6 is a Tunction of the output cufrent.!.

.l

to

' . Start to condyct.

: As this current increases. the drop across the :

- sampllng network increases, and CRI6 will
Conduction of this diode .
;clamps the base of Q4 toa potential which de~
creases the conduction of the series regulator, - _
thus limiting the output current. . Potentiometer

" R81 permits the cathode potential of CR16 to be;’

“ varled and thus charges the current limlting

v ,'threshold

Paragraph 5-52, Step (e) should reads o

"Adjust RB1 -until dlfferential voltmeter indicates

2 55Vdc....
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Thls section contalns the clmhlt dlagrams neces-
- sary, for.the operation and malntenance of this -
power subplY. Included are:. | - =

Component Locatlr.n Dlagram. Pigure

7'1’ '"h"ch shows the FhYﬁt’al location and refer-"

ence designator of parts mou..nted an the printed

; wiring board Do Co

by Schematic Dlagram, Flgure 7=2,- -which -
illustrates the clrcu!try for the' entire power sup=
o ply Voltages are glven adjacent to tést polnts,
identified by encircled numbers on the schematlc
! and printed wtrlng board o : b
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4. TRANSFORMER SHOWN STRAPPED FOR ')(GVAC OPERATION. SEE INSTRUCTION MAHUAL FOR 220VAC. MUST BE CHTAINED N WRITING FROM HEWLETT - . '
5. -ew—emp—mss -DENOTES  VOLTAGE FEEDBACK SIGNAL. . { PACKARD . CO. KEW JERSEY DIV, ST O o,
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