Errata

Title & Document Type: 6186C Precision Constant Current Source Operating and
Service Manual

Manual Part Number: 06186-90005
Revision Date: January 1975

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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12h Thls poww supply is d°$ignud for ppplica-,, -

tions requiring 3] cunstant current*sourpe poaser-s-
lng a hlgh ‘defree of regulntﬁoh ‘and’ stubility nd
.very’ low ripple, chnrncterlbtlcs. 'I'yplt:al nr;pllct\- _'
|tlon5 for this powr,r slilpply \ncludu bernicuntluctor
“device mcnsurcments 'such, HB tranéistor reverse
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1 l DESCRIPT!ON ’._\ EETP DS T O R S l 7" The supply incorpumtcs an nctive guartl thnt
} N l ARV prevents leakagc currents from degraqmg the: out-

“ put current rcgulatlun.
'\ Pbsitive mytput tcrminal is held equal to the guard
*voltﬁge, ‘the latter is plso used to drive the front
panr»l meter ot an external high- ar.curacy vult-
" meter, l‘hls efféctively isolates the vo!tmetcr ;
X from thé main supply and Wliminates the usunl

Becouse the'voltage at the

breaktluwn Voltnge and current tran.,fer ratio; four- t _\"- qutput regulation degradation associnted with

_ termlnnl rcslstance mcasurempntb, testlnt; compo- .
nents such as diudes and electmlytic cnpamturs,

cunnectlng a voltmeter direl‘tly acrpss the nutput

“ofn P'unstant current source'. o l.".aj\ o
: L ’

+

“". operation.

‘ r\nd various other applications in electrochemlstry,

electromagnetics. and other, flclds, iFor detniled v

' npplicntlons information;. refcr,tu Applipntion Note "h
‘128, Applicatiuns of.a DC Constant Current Source, |
nvaiiable ot no charge frmp yuur local He\}rlett- c

ackard sales ufflr.e. e '.. P
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J1=3 '['he supply is camp!ete\y trnnsi;?torizrfd (nll
sllicon) ‘and I8, puitnble. for cither behch, or fack -
Tt 45, of the constont. curmnt/vg.tnne ol
Hmit type that will l’urnish ful rnted nutput curs'; If“.
rant 'at the’ maximum Yated 'output \roltnge i can . .['
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‘cess to vorious control points within th’(i uilit to
- exmnd the opcrating capabilities of the: h}btru-
‘ment, . A brief dcscrlption of these cnpnbll&ties is
.i"glven below: ' - o \
"oy -, Remote, Progrnmming~ Both t}m uutput '

chrrent and vnltnge limit cnn ‘be pmgrnmmer} (con-
trol]ed) from o remut lucatiun by meaps of an ex~-
]terml voltage gource or resistance. The uutput
‘current cqn be rapidiy p* ngra}nmed up and down

I usthg thes fnchlty,lcurrcnt pregramming speed s’

- be adjusted thrr:Uth>ut the uutput rnngc.q The . fmnt i ! I less t rm Iﬂmsec trom 2rro to. ‘39% of ma\timum ‘,'

pahel G'JRPEN;I‘ control is usvd to estublfsh tho . "““
output r.u;;ent level the fmnt panel VOL’[‘MJB box‘:—!
trol, ‘s used to. establisk the nutput!\mlt':ge Hmit ,’ _
(cemrg) "Bbih the uunnzm hnd'VOLTAGE cops |
- irols are cnntlnunusly 'variable: throughnht the en-'
ftire output mngc ‘of thu bupply. Oy BT ;, /
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details in, this powcr supply e nllow' well mgu-il‘-

!
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1~4 Specinl nttention.has bcen given to circnit

L ! lated: perfor ance to be mnintnined down Lo vem'

=, luw uutput curmnts of the order, of IpA‘ ‘Thn use. ’;,

~in'af a thTOGLFObkﬂDn RANGE 5witch o d o To=turg 0

,output’ CURRLNL cuntrol rt.-$ult in roqo]ution c!nwn
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' f\/ 1 9 SPECIFICATIONS

rated output, Wwith nn nccuracy of l%.

[}

i with an nccumtc dt‘fcrentlnl or rligiml voltmoter

: connected to either front or rear meter Yerminols.

Connecting the|meter to the’nctive guord in the

subp y prevents’ output perf!:rmence hegradutinn.
- AC Mudulntinn ol output. An external ¢

b External Voltage . Monltorinr}. The output « :
voltage of thd supply can be cxturnnlly monitored

¢ cnmponcnt‘ nan be ‘superimposed. up the dc oul-_:

~ put, current uf Yhe supply. This, fmturu nllows
dynnmic mgmsuremem., such o5, zener impet!anco
nnti small- signhl ‘h= pnrnmuterb to be made wnh
0. mlnimUm of dlfficulty.. IR ,
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1 -5 Sebamtc muters nre usori tu, ,knemure\r)utput J',"_ 3 O N L .
voltage #nd current. Output cun’e t car’ be mea- '1-1D Detniied ectfications fur thc pu)vur bup— .
“sured in any of three: mnges in; ‘necordance with e p|y aro‘ givon in f!rjﬂbk. 1-1, Ly ! '
the RANGE switch setting ‘an' the front ponel. Dut- ' Y, ! _ : o ’ e
put \roltage jb measurcrl in onp rnngo. . oo '. '. _ _!f'_') I '
‘ .,-' l) 11 OPTIONS o l b
1-6 'rhc power supply hm, both front nnd renr ‘ . ;. R I i
terminal$, Either, the, positive or negative vutput |_|2 Options Sro cuatumcr-rcquested fapmry
_terminal may be Drounded or the puwer supply * muriiflcations of @ standord instrument, The
‘can be operated flupting bt up to:n'maximum of following option is available for the instrument -
300 volts above around, (Adequate snfety pre- ' coyered by this monual: - Where necessary, de~
cautions must be taken tc'protect the ~operator ~ tailed coyerage of the optién |s lnclu lcvd lhrough-
N whén the supply s used in this mode. ) L ;o ol the mrtnual R ‘ o
‘I‘. ‘_4_*: ! v , i . ;l i . ; ‘ I I
’ ' W Lo | s ! ' . ) 0 ;
, A ‘||“‘.: ' R , S ' . 1 \
s I i : U b
oo MIEAP 1-1 AP N .
S s ‘ S ) o '

.
12




J T

. Og'tl’o'n: No.“:]-'}f‘ . : Dr»sc. lE‘lnn
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014 Three Digit! Grndmted Decadial
P Current Control: A dial thatrer.
places the 1D-wurn current control',

" knob nJhd allows nccurate resetting
ofithe output current F0 within
0 l% o ' ‘

“
7

.
Lot

at f“

1413 Accsssomss '
A
1-14 The nccessories listed in the felln\vinq ‘
- chart may be ordered wlth the 1nstrlument or
_ seperately from your locnl Hew!ctt-—l’nr'knrq field:

‘sales office {referto llbt at rear uf manual for

b
v

;

addresses). y
' e Y

.+ HP_Part No. o Descrigtinn,";‘.5‘I !

y o v . ! ‘n N " '
i 5060-8762 ~ Rock Kit for mounting ohe or '\. .
. ‘ “ two‘units. {Refer to Section 1} _"- ¥
) oot for dotalls, ) '

P 5060-876[)_ Y Filler pnnel to block unuhed

hnlf rack ‘when mounting nnly one
‘upit. At

1
+
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; 1-15 INSTRUMENT IDENTIFICATION

1-116 Hewlett Pnclfnrd putver Buppl‘cb are menti-

fled by thren-pnrt serinl number, The ilrsk part

s the powm supply model number. The sec )nd
LY iy ,

“Table -1,

i

f

ing of a
- number-letter Comblnatlen denoting the d}te of o

"ﬂ‘:A

. rear of this manual for addresses). -
; “hodel number, s

Mnde] [)]BGC Speciﬁ htions

p.-;rt is the serlnl number prnnx, c-unblst

blgnlflcnnt destgn energe and the cnuntr of mon--
ufacture. The ﬂrst two digits’ indicate the year

{10 = 1870, 1) = 1971, ete.); the second two dig-
its indicate the week {01 throvgh.52); arul the Yet--
ter "A", "G, "]", or "U" designates ‘the U. 8. A, .
West Germnny, Japan, or the United Kingdom, re-’

. spectiveiy, as the country of manufnciure, The

- third part is the power supply serial number; b
different 5-digit 'sequential number is assligned ko’
cach power’ supply, starting with 00101,

t
1~ 17 if the serinl nurpber prefix on your unit -
Hoes not pgree with the prefix on the title page ; '

" of this manual, change sheots supplied with the- -
monual define the differences: between vour in-
strument nnd the lnstruant described by this -
manunal,

)
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"1-19 "One manual is Ishh:lpr‘d with ench instrnment._
Additional manunls ny be purchased from yuur
lacal Hewlett- Packard field nffire {see list at
Specify the
eriel number’ prefiz, and JIP Port

Number shown on the title page.
i
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INI’UT' e ' ;o
. V1E, 230ac LlD% sing!n phase, 4B- 631!2.
0,9 nmp, 9{)! atts ('mmknnl) @11 5vac.
i o P TS
ouTPUT: 4t e R
'0-100mA @ 0= BODVdC. ) '

C

o1

Ty

‘ initlal vnlue plua Sppm of range switch setting

“for any line voltage change within the input rating
{104 to lZ'Nnc, or 208 ) 254Vnc) and ot any put-
- put current and veltnge wi;hin roting,

PARD (RII‘Pl EAND I\OISB)

C OUTPUT wmari\’r RANGES:
| - mn,, p- ll)mh, o-lonmn

lil t 1

[

LOAD EF FECT (lOAD RLGUIM‘ION) \ .
- The output current chnnges Iess t an 25ppm of
L inltinl value plus 5ppm of ourrent I nue switeh

7 ;setting for o load chonge which em ses the uutput
Voltnge to vary, from zero to mnximum when. meas

Outputﬂlmnge - Ripple and Nutse-rms/p P :
;1,)_‘.:“‘(‘.@, (de'to 20M11z) T L

L } 200pA'Tms/dph pp !

,. f",-‘ "0 " , 2nh rms'/JBOpA pr-p' : ' )

. 100 w o ,ztjw,QA }nlé/snol.n pp o 1

ﬁd with the negntive ovutput terminnl grounde*.l.

he positive vutput is grounded , the load egfect

: ls Iess than £100nA output current chnnge for the

seme full-load change in output voltage. {The re-
lative  humitity mbst be less than 50% when meass
: uring Ipad effect in the 61860.) , ,’ .
P

}
l :
!

3 souncx, LPFECT (L INE m:cvin'rron). Y

' The uutput current changes less than 25ppm of
.": '

" *ln constnnt volmgo opermio"

[ PapN

o, mrdts

.‘ ,
.4 TEMPERATURE RATING:. |

1
1

‘ .
Operating D to 55° C.

'
'[‘[:MPERATU R!: L.OE” }C}BI\"I‘. \

: Output Uhnnge per degree Centigrmle is lebs
than 75ppm, of output plus 5 ppm of range bwitch
50ttin9> .

Stnmqo' -ell] to F75"C,

r']

_’ ! .;’ |

animmum output voltnge s 0, 5\,

\ ! .

L st e oL
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! I : i A .
Mnde F6I86b. Specincntlu}:b (Cnntinuod) J, M o ‘

A
.
i

1

HT)}%H‘T (STABILITY): . .

H"

i

i

i Ll } I
Total output current drift ls less. thnn IDOppm .

of, output plus 25ppm of range switchn setting, ’

Stability iz, mensured for 8 hours bt'constant

amblent,’ constant line' voltnge, and ‘constant

i f [ | s . 1

] oot
'f

}Jrugrammlng, nc mudulahun. and other contrni
ctlons. Eithgr the posltiwz or the’ "mgatlve "
put terminal may be grounded or the' supply

/'nay be floated ot up to 300 Holts above, ground .

0

-} I\, X N

iy

A

; and less tha‘w

" OUTPUT CONTROIS: - :

* and single-turn Yoltnge controls’ permit continu-

" nnd ground términals are provided on the front |

Voltnge. less’ than 1. 6mscc on the 10mA range,
:3m:.ec on: thn 1mh range. . 1 i

4 s
) ' .5_

RESOLUTION: v ., | P
0, 02% of the range switch settlng. S

" , . \ . -. i
MBTER RANGES. e oo e
). 2,0 12, 120mA;-36DV. Accuracy: 2% of ful)

scale. T o a o

Rnnge switch selects desired output current
ronge nnd selects meter rnngu. ;Ten-turn current

ous adjustment nver antire nutput span,
1

OU TPYT TBRMINAI 5
- Positive and negnti\re oltput, meter pnsitive,

[
]

panel, Two rear borrier strips include output,
. gunrd, and other terminnls necessory for romote

D x7-3/4" (19,7 cm} W.

LiwrighHT: '

 load nfter nnlinitinl warm-up of ope hour, / PROGRAMM!N SPEED: - .
J , P / / Less than lrmscc is regaired to program from -
' : ! ' ‘ O zero to 39% of the maximum rated’ output current
iNTBRl\.AL IMPEDANCL ASH. CONSTANT BT A / of each rangelor from the maximum mted output
CU’IRBNT SOURCB' ! i | current ofuachrangc toless than 1% ofthatcurrent.
. | J. . . ’ . \ ,: .Ill, ..“-‘ , . 4 | "L,
Output Ronge Output lmpednnce {Typicay) : RBMQTB PROGRAMM!NG,- C_:O_NST{-\NT q:I_U_RRENT: _ o
,  nA)y o (R tn pumlh\l Mth C)* i . ; , R . ’
. = 10, 00 lg= "R
S R =10, 000 Meg,_lc:  900pF Programming ~ Range (ma)
' : | ) ' - X e
SR T VA% R =1, 000 Meg, C = 7oopr |71 Sewee 1o oo
; ‘ ——— - : - , :
-1500_ | . R=100 Meg, G = 1500pF ) Resistance ' | [ b
’ (Accuracy: 1% of, | 10Ka/ | 1Ra/ 100/
J—-—-— output + 0,04% of | A’ | mA mA
*The formula Z= Rxc/ can be urml | {range) | .\ s o
- for, ca]culatlons up to IMHz. "'!‘ S :
! o .‘* 1 voltpge . | .y :
. LOAD TRANSIBN RECOVERY 'I’IME. ""' W |, {thceuraey: 0,5% | 1o/ IV | 100my/
Less than Imsec for output current ret:overy to of output + 0, 04% |’ mA - thh mhA
withm 1% of tpe nominal vutput current on the | of range) A r
100mA range ollowing n fu!x-lnad chungn in nutppt : ARSI :

[N

'

REMOTB PROGRAMMII\G, VO‘ 'I'AGB IJM!'I"
Remete programming of the voltage }imit ot

‘1 volt per velt peccuracy 20%) or B2D ohms per

-volt {with on accuracy.f 15% or 3V, whichever

is qreuter) im available at the renr terminnls.

-t .
1 . o

GOOLING:. a ;
Convection cooling s cmployed the supply -

hns no moving parts.

E
. . 3

R 13 . )

‘_srzn. .
6-17/32" {15, 76 cm) H x 12-3/8" (30, B7 cm)

)

N
o
i

13 lbs. {5, 9 Kg) net, l7 bs, (7 7Kg} shippin,.--

I
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2-2 Before shipment, this .nstrumont was in-

- spected and t’odnd to be free of mnrhanlcal and

electrical defects, As socn as:th instrument is E

receive:d, procced ag thstructed in the follow!ng

parugraphs Lo SR B

2-3
N ! f C : A

If external domage to the shipping carton is

rgvident, ask the carriet's agent to be present,

When the instrumcnt is'unpacked, ' Check the in-

strument for external damage such os broken con=

. trols or ‘connectors, and dents or scratches on the
nnel surfaces, . If the instrument is ttamaged, file

a claim with thc carrier’s agent and notify your

- local Hewlett~Packord Sales and Sarvice Office as

500N us possible {see list at rear Df thia manual

* for addresses), ‘ ;

BL}:CTman GHECK R ¥

2- .6 Check the electrical performance of the in-
strument s soon as possible after. recelpt. .Sec=
tion V of this manua!'contains' peyfermance check

wlthln the spccifications as stoted in Toble 1——1
Thls theck is also suiisble for incoming guality

\control inspection, ‘Refer to the. inside front cover'

of the manual for the Certlﬂcmion nnd W-lrranty

statemem.,. ) i'
7 b

2-7 INSTALLATIDH DATA _ ' ,

2 Br The instrumenl is ‘shipped rnudy [ér bench

opemtlom It is: necessﬁ\ry only fo connect the in~

strument to v source of pqiver and it s remly for

ope rntion. \ '

25y LOCATION ‘.‘\ v
2~ ID This instruumm is m\olm! by murnl convec-
tion, Sufficient spoce shua'l i e nllonell so that a
froe flow of cooliny- mr can Eepuh the sidey and
rear of the instrumont when, tis in oporation It
should be'used in an area whbre the ambient tem-
“perature remaits betweenwP0 and +35°C. s
; . ) § : ‘
2-11 'OUTLINE DIAGRAM ‘
. J L
, 2=12 Figure 2-1 lllustrates the outline shape and
dimensionb of the 61B6C supply. . '
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SECTIONN
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S Figure 2;1.

Outline Did‘gram‘._‘r“; S
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| 213 RACK MOUI\TTINC TN

! . TR

. ‘\I ' B . T j
procedures which will verify instrument operation -

' 2- 14 'Ihis instrumem may be mch mounted tn a
V" standard 19 inch rack panel either alongbide a
. similar unit or by itself.’ Figure 2-2 shows how
: Lw)at'h types of installations are acconiplished,

I ' . 1

. Lo ! !
g

f [
e e WLLE IRLERCMERT
W PR FAR TRGEE
STOPERD MR- -

i‘llﬁ‘ L !Ahlvt 1th

5 e
Y e e

NN s

PUALAETEN FRANE . " [REAR L '
RICER 0 FORC- PR PRy ELAWER

1 i1,

B v ) T N o
I‘igt\lre“z'-z.. Rack Mounuhg,f()n'o and Two Unit:‘s
| ‘ . o . 0, }'
‘ 2 15 'I'é méunt cne unit alone, or two units sme-
by-side, procec i as follows:
. a, Place Jdaplor frame on berich,
, + b, Removo feet and tilt stand from



'

! 2- 18 115/230 VOL’I‘ OPERAT!ON

. correct fuse railng for opcrmlon from cllher a 115‘ '

' a Yy

" ! ' 1 . o t :
: L ! DRI | - o v :
| A B o ‘ P L Tt
- : ol : : : .
. . 1. ra :

lnslrumcnt(s) - Place instrument(s) in frome, |
Place divider clymp between instrumants,

If mounting one instrumont alone, placc blank .

panel in position that wnu \cl bu oc.cuplcd by second o)

instrument, A SR

‘ . Place divider ¢ lamp:; in pbsltlon on, L\ach '

Ty

" end and push the tnstrun eg&l or inutrumem/blanh ( .

panel colenatlon into fY

Le, Insert screWs }nclther sldc ot’ framciz and
3 WS

tighten. W ‘_ "t [ o,
2~ 16 lNPUT PﬂﬂER REQUIREHENTS ;
3 o
2= 17 Thls power supply may be opemtcd com\nu-

ously from oither a nominal 115 \mIt or 230 voll,
48-63Hz power ,aource The input po 'mr rcquirqu

" . when'operating from o 115,vol\, 60Hz powcr ::ource

at full lead is 90 watts. 0.9 hmperns; 5

\ )

1
)

N 2-19 A reccsbcd. lwo-position slide ‘switch locat=

ed on the rear pane!l pcrmiks operation from either

a 115 or 230 voll power source, Belore connect-
‘ing the instrument to the power source, chnch that
the whité number vibib!e on the:switch, \slhle k
matches the nominal line voitnge of the bource, If
_ required, slide the switch to the other. position '
us,;ing a thin-blndml a,crewzlrlvnr.

,2 20 When the instrument Ien\.ns thc Inctory, the

proper fuse’ls installed for 115 volt operntion, An o
"anclope containing a fuse for 230 valt operation v

is attdched to the power cord, Maorkings on the

rehr pancl adjuccnt to the fuse holder indicate thn :

~wvolt of o 230 voit powcr source.'

. sl!dn switch s changnd

T R-21 POWER CABLB P B

. Is the ground conductor and when the cable is
pluggnd into an apprc‘.priatc rccépmclr-, the lnhtruT
ment §s grountded, ' The offsct pin on “Ihe, power

" cable's three-prong cbnnt‘ctor is the ground'con- R

-erntlng the' tnstrument from a] two-contact outlet,

T g ey Lo
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l '
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\'Iakc sure thnt
the sorrect fyse is installod l[ the pokition of the.|
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2-22 '1'0 protnct operntlng pononnel. thr;, Nntionnl
Elcctrlcal Manufactuters’ Associntion (NEMA)' rec-
ommcnds that the instrument panel and cobinet. bc

_-grounded This instrument is eynipped with a . ;

three conductor power cable, The thlrd cond‘dcmr :

"
4
nection. T i =

+ co n ]

1

2-23"' To preser\re tho promrtlon feuture when op-w’.
't
use a three- -prong to two-prong mlaptcx;,nn(l con-

nect the grecn iear! on the ot nptcr tq,groum} ,

P

2-24 REPACKAGING FOR. SHIPMENT

Y i i
H. . . ,l

2- 2‘3 “To insure safe shlpmenl o[ the inbtrurmmt, it
i5 recommended thnt Whe pachkoge desiuncd for the'
in'su;ftmcnt be used,
rial 18 musbble T 1t is not avallablre, conlnol '
your local chletl Packard field office to obfnin -
the mntprials.
atdress of the nearest servlce officm to whlch thb
instrument con be shippoci Be b\lﬂ" to attich o tag

to the inbtrumont specifying tho oOWnEr, model num-

ber. full serin} number, ‘ond bervicc mquirm! urfn

bricf debcr}puon of thu lroublc.

ey o

""i‘

3 . o I"r‘. V
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The original packoging mato— L

This cffice will also furnigh the -‘ .
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Lo S v 3 o Figuref'Srl. Operating Controls and Indicators ‘
o \‘;.-.‘ ' . } . A e 1 h l- ', . ) ‘ o ' co t 9
; . 1 : ““ -‘\ !.!1." * ' . ’ ' : : ) g I
3-1 ' TURN-ON CHECKOUT PROCEDURE‘ o _ d,  Adjust YOLTAGE control @ until front
T g panel voltmeter Indicates desired voltage
© ., 3=2 'The Iollowlng checkout procedure describes limis,
.+ the use of the front ppnel contirols and indicators . o, VOL’]‘AGE LIMIT lamp @ should be on
and ensures that the me!er and programming cir=- ' with no load connected, .
N cuits are operabie ‘Actual ‘output current should f. Connect load to front or rear output ter-
. be checked, with an: external ammeéter connected minals, = . Ji'\.\ _ . v
between the, positive and negatlve output terminals. , S : TR ; ‘
- sbefore ‘connecting deligate loads, . - | " 3-3 OPERATING' MODES '~ % Sho e
‘ « @, Set LINE switch @ to ON and observe : RS _ o
. ‘that LINE Heght goes on, : ‘ 3-4  The power supply is'designed so that fts
N - b, "Set RANGB switch @ to desired curront : * mode of operntion gan be selected by making
: range strarping connections between particular, tcrminal.‘
. . co Adjust CURRENT control @ unti! front “on the terminal strips at the rear of the pO\ber sup-
a . panel bmmeter indicates desired output current ply. The terminal designations are stenciled in
{(no load connected) o black on the power supply above or below thptr
. ’ ) ) . ‘ “..\ . ‘v‘.| :
' '. f v P L y A
£ . c | X :
1 ' 3-r ! P o "
. p .
! . 5 ! 1]
: Rt ! . ' e g cpo gl



' respective terminals. The operator can ground
_either autput terminal or, with added precoutlons
. to.protect the user, operate the power supply up ",
to 300Vdc above ‘ground, 'The load may be con-
nected to eithpr the front or the rear terminals © -
w[thoui any degradatlon of performance. '

i i .

-5 . The following paragraphs d:.scrlbe lhe pro-" B
cedures for utilizing the various opemtlonol capa~-
bilities of the power supply,. A more theoretical

. descriptioi of the operational features of this sup-

-ply is contained in Application Note S0A, DC Pow-’
er Supply Handbook, available ol no nhorgc from
your locol }!ewleu Pacl drd sales office,

3 5 NORMA‘L OPERATING MDDE o
\3-7 The power supply is normally shipped with
its rear terminal strapping conncctions orronged
‘for constant currem/volloge limit, local program-
ming, single unit mode of vperation, This strap-
ping pattern is illustrated in Figure 3-2, The

" . operator merely selects a constant current oulput

}

“using the front panel controls as tlescrlbed in Parn~
graph 3-9, .

a0

P - AD AN A2 A3 .
: o|o]olole]

et

—~ A4 A5 A6
Hl

S \Flgure 3-2, Norm_al'Strapplng Pottemll

. . 9
o . 3

3-=B ‘EONS"[\NTJ CURRENT

‘ '3 9. To select o constant current output. proceod

as. follows-

) a, With.output terminals open or shorlod _

{see NOTL), adjust CURRENT and RANGF controls .

for desired output current, '
b, With output terminals opep, adjust VOLT-

AGE control for maximum output voltngc allowable

(voltege limit), as determined by load comlltiom;

If o, load change causes the' voltage Hmit to be ex-

' ceedod, tho power supply will automatlcally cross- |

over to voltage limited output at the presel volt-
age limit and the current supplzu! to the load will

' drop proportionately. When this occurs,“.thcl VOLT=-
AGE LIMIT lomp on the front panel will Jight, In
setting the voltage limit, allowance must be made
tor high peak voltages {corresponding to suridonly
increasod load roslslanrp) which can cause,

[

| 3-10 CONNECTING LoAD

_unwanted crossover, (Refer to Parogrn}oh 3-38.)

1 .. "
C :

f'HOTE D ‘ ':‘ﬂ- '
St .
. RPgordlens ol the supply’ 5 modo of
: f . operot!on fconbmnt burrent or voltage :
L " limit), the front penel ammeter always -

B indicates the proarammed output cur-

‘. » rent, This enables the bperator to set
i the output current (uslnlg the front

: ponel CURRENT and RANGL conlrols) o

wlthou; shorting the output terminals.

li '
3-11 Loads [or a constant current sourcc must be
. connected in series {not'in pnrallel) if -the desired
output current 15 to be supplied to each loard,
- Extreme care must be taken to avold shunt paths |
external tp the power supply, The presence-of
shunt paths will tend to degrade the performance of
. the supply, Ifthe load is remotely located from
the supply, shunt paths can be avoided by using
. shielded cable., Xf the supply is used os @ positive
source {nagative terminal grounded) one end of the
shield can be connected to the guard terminal {des-
ignated +METER on the front and terminal AD on the
rear) and 'the other end left unconnected, This ef-
foctively projects the internal guard vollage along
the' shleld. offording absoluto prolcctlon against
leakage, If the supply is usod'asfa npgotivo
source, the above method cnnnol br- utilized, How
" gver, the use of a shielded cobltfn wlll be ‘sufficient
o prevent shunt lrakage ln mor. ppllcniion».
¥ - '
' y H i
e CAUTION-

)
'

o ‘
1 Newver connect the guard {+METER on
the frc front pancl and terminal AD on the.
s rear panel} to efther the positive or -
the negative oulput terminal, Mak-
ing this connection will result in loss
of currcnt control and will domage
dlffe:ent{él amplifiers Q1 and Q7, |

V-
o

3-12 OPLR!\T!ON AS A CONSTANT VOI 'l!lC-l‘ SOURC,

3 13 'I‘ho lna,trumem may be operd ted as 0 moderately
well rogulated constant voltage source by operating it
inthe voltage limit mode {(VOLTAGE LIMIT light on).
{When opermlng as a voltnge source, the output volt-
-agerange s from 0. 5to300Vdc, ) Inthis situation, th
output voltige will be héld npproximately constant at
the limit level, and the output current will change to
meet varying load conditions. Fer further information,
" pl“'“’,". consultan HP sales engineers

i



. maximim output (315Vde,’ 110- 115mA) wtthout being ..
damaged it cannot bé guaranteed to meet all of ltsi

‘l

i

n

i

‘' ommended that shie lde;i eab‘e (with the shicld
" connected to terminal A3) ba used to connect the
programming resistanct‘: or vpltage source to the

A + &
A | !

A
3 14 OPERA!’ION BEYOND RA'IBD OUTPUT

3- 15 The meximum output veltage, and current of
_the supplv ig’ rntemally limited: to 315Vde and v . ,
S " 110-115mA in order to protect intemal components, e
., While ‘the supply may be operated in the reglon be-

s

| ¥
1

H

~tween’ ‘the rated output: (SUOVdc. 100mA) and the

performance 5 pectftcatlons.

i

:

3-17 k’EMOTE ISROGRAMMING, CONST NT CURRENT

i

l
3-—18 Ejther a resistance or a voltage ‘,murce ean
be used to control the constant ‘current output of .
the supply, The CURRENT control on the front
panel is automatically disabled when the supply is
It is rec~

.

3-16 IOPTIONE\L\\?PERATIHG MODES

used in the remote progromming mode,

supply,
Jt

1 ;'r

}

3 19 Resistance Progmmmlng (I‘iguro 3-3).

“this morle. the' output curren. varies ot o lincar _
rate determined by the, remole roatslanca progrim-
hié cocfficient is different’ t’or.
cach output current rnngo. as shown |

ming coefficient,

of this manunl

outlined in Pnrogmph ? -66,

*F

)\ ' 1!

In

n Table 1-1
The ptogramming' coeﬂ brient is fe-
termlned by the. constéant current programmlng chir=
rent which is adjusted to 1mA 20,25% ot the fj cto-
ry, If greeter programming accuracy is requiretl.
it can be achieved by adjusting resistor R32 as

By

+ AD Al A2 A3/

[

2R

FROGRAMMING
> RESISTOR

°le|2

%]

o|

Ptgure 3-3,

Constant Current;

! 1
'

3-20 Use stable, low noise, low temperature co- |
efficient programming resistors to maintain the
power supply's temperattire coefficient and stabil-—
A switch may be used to set

A make-before-

ity specifications,

discrete values of output current,

break type 'of_switch should be used since the

Remote Resistance Programmlng ’

1

T

l

; ; output e}urrent will exceed the maximum rating of .

the power supply if the switch contacts open durtng

' the switchlng interval, J . gag

" “and/or the load,
' programming configuration in use,

3-21 'If;the negatlve output terminal of the bupply_
is grouhied {care must be taken to avoid leakoge

o/

[
f ]

L]

‘:."Aunc::“ '

If the progmmmlng termlnals {rO and

“AlL) should open at any time during the
remote resistance programming mode, '

the output current will rise to a value
that may damage the power supply .
If, -in the particular

there is a chance that the; terminals
might become open, it is suggested

' that o 10K protection roslstor be per-

manently conneclod across the pro-
gramming terminols. Like the pro-
gramming resistor, this resistor
chould be' o low noise, low tempern-
ture coefficicnt type, “Note, how-
'ever, that when this resistor is used,
thelresistance value actually pro-,

~‘gramming, the: supply is'the pnrol!el

combtnat;on_of the remote‘progrem-
ming resistance and the protection
resistor across the programming tor-

minals. N S
! ! R

+

-eurrent p ths from the programming source to the . '

negative outpul terminal - (ground},’
-such as this will serfously degrade the perform-
! ance of the,supply. y o7

givén in Table 1-1, '

volts,

il

R

3~22 VYoltage Programn‘lng {Figure 3~4).
mode, the output,curreni:varies at a linear rote
determined by the voltage programming coefficient -
Tho entlre voltage ‘span for '
the programming source, is opproximntely 0-10
The j-rogramming vpltape! 'should never be .
allowed to exceed 32 volts,, Voltages in excoss"
of this wril result in oxccssi\'e power diasipalion

o

ir the instrument and poasib!e da-nngo. '

|
I'

f} '
' . 1

under any condrtions

Shunt paths

In this

v 3-23 The lml\ progmmmlng eurrent. flowing into
' terminall\l from the reference supply {sec sche~-
mmic:), tmposes two restrictions in the voltage
: #rogramming mode, The first restriction is that the
voltage source must be capable of sinking (absorb~ .
ing) this 1mh.current; the second restriction is.
hat. if the progromming terminals are opencd, the
/1mi programmtng current will cause the output cur-
rent to rise’to an excessive level {refer to CAUTION |
note of Paragraph 3-20), A protection reslstor.
+. previously mentioned in the CAUTION note, can be
‘employed to limit the output current to a safe value

)
LN

Kl
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EI E + AD Al A2 A3

olo

@

@

VOLTAGE
PL * ~ SOURCE

1 = A& AS A’

s Y = S
[
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l ‘J'.
i HE
- e ‘r
i
i

Figure 3-4. . Remote Voliage Proqramming.

o 5 . Cunstant Current
. RN . !
SN

. : AR o
3-24 If the user's voltage source cannot sink the
ImA programming current, the programming cur-"
rent path to terminal Al can be opened by removing
resistor R32 {mounted.on standoffs) froj

.l:‘i

the main

!

printed circuit board, This’ does not detract from | -

the voltage pmgrnmming perforn.ance in any way'
but does eliminate: the need for sinLipg the pro-
Opening R3Z also eliminates
the .need for an open-terminal protection msistor,
Opening ‘the programming terminals whcn no pro-

gramming current,

gramming current is flowing resuits in zero output |

current rather than an excesslve output current,

3=-25 The progrnniming voltage source .ﬁ'mst nlways'

be floating (ungrounded).

tection against leakage,,

If the negative output
terminal is grqu'nded shunt leokage paths from the '
f loating programming source to the negative termi-
nal must be avoided, To accomplish this, the
case of the voltage source can be connected to the
circuit common terminal (A3), thus affording pro-
If this metliod is used,

ensure that the case is not grounded by any means

such as, the power line,

3-26 REMOTE PROGRAMMING, VOLTAGE LIMIT

3=-27 The voltage limit of the supply can be bro-

grammed With a remote resistence or voltage source

if required,. Note that the front panel VOLTAGE con~-

tro} is automatically disabled in the following pro~

cedures,
' Al

3-28 ‘Resistance Programming (Figure 3-5),

voltage limit of the supply is deiermined by the’

programming cocfficient of 820 ohms per volt,

voltage programming current is 1mA and, is factory
adjusted to within'15%, Adjustment of the pro- '
gramming occurncy can be' achieved by adjusling
resistors RBG and RB7 os described in Paragraphs

5-69 and 5-72,

329 A switch 'nn be used in conjunction with .
various resistance values in order to obtain dis-

i

crete voltages. i The switch should have

The

g

1

i

make-before-—break contacts to avoid momentarily
. opening the fmgramming terminals during,the -

switching interval

minals (h4 and A6) causes the cutput voltage to

rise to.an excess!v\. level that may damage the

load ' . ) . [

N .

o

+ AD AL A2 AS

o . ‘ MIWI@I

" PROGRAMMING o f
> . .1 RESISTOR ;

s : s
Figure 3-5. Remote Reslistance Programming,

¢ 7 Voltage Limit

f . ' '
. .o )
) T : ! ) .

" 3-30 Voltage Prouramming (Fi ure 3-6), In.this
mode, the voltage limit will vary Ina Lito 1 ratio
awith the programming voltage (voltage source},’
The voltage source used rmm:;t be capable of sink-
.ing the ImA programming curreni flowing into 1or-
minal A6, and it must be Iloaling with respecl to
the oitput terminals and earth ground, ' .

o )
N

Opening the programming ter- g

+ AOQ A) A2 A3 !

R olojpjole]

' ' B

b
+ VOLTAGE .
SOURCE A

plolelo] .

" . -~ A4 A5 26 - !

R . )

Remote "J’oliage Programming,
. Veltage Limit

" Figure 3-t,

' . I . .
. . i : . 1

3-31 EXTERNAL VOLTAGE MONITORING '

3-32 if an accurate measurement 5of the output
voltage is required, it zan be obtoined by connect-
ing an external voltmetcr’ between the front panel
+METER and (-) terminals, or beiween the rear (AD)
and (-) terminals.as shown in Plt_)uro 3-7. When
connected in this manner, the external voltineter
will indicate the actual output voltage with an

: | ‘ ‘ ;o

v

3



" accuracy of 4l ‘millivolt, Notice that the meter
. ‘connected between the
minal rather thap the p

W,

)

is

minal, Connecting the meter to the glard supply

effectively isolates the mater from the maln power:

i/

R D . P :
: . allowed to swing beyond the rating
qguard and the negative ter-" - ¢
ositive and the negative ter--

¥

t  supply, preventing the performance degradation
© . that would oecur 3f the moter were connected dir-

~ ' ectly acro
minals,

;13-34 Figure 3-8 shows o method of superimposi
. @n ac component on top of the adjustable de ontput
current of the supply, The dc current level is cons

s51the positive’aqd nega

L0 :

P

i

POWER SUPPLY

!

+° hD Al A2 AB

bl

@

- 3=33 EXTERNA

'
0

(Y
. '

h

. Figure 3-7. ‘Externa) Voltage Mohilbrgnp ;
Nos 4

NOTE

1

s

. 3 l; ' - .
" The external voltmeter must not draw
~ more than 1mh from the programming/

guord supply {the AD or +METER tor-
minal)., A current drain in excess of

Imh will seriously impair the épera- 4
tion of the power supply, | Lo

)

! .

L AC MODUIATION

(]

trolled tn the normal fashion from the front panel,
while the ac component of the vutpit current is
determined by the modulation percentage, The -

vercentage of modulation is determined by the nm-

- plitude of the exterpal voltage input and the value

of the series resistance according to the following

sormuta: % Modulation = 100

(in Rn)],

L Egource -p)/Rx

The programming voltage appearing’

‘across terminals Al and A3 should be limited to
10V p-p and must not exceed 12 volis if damage
to the ihstrument is to be nvotied, Using the

nbove formula, the user would require an external

resistance of 2Kn and a 4 volts peak-to=peak in-

put stgnal from the external source to modulate o
dg current level of 50mA. by 100%. In this case,

the output current would swintj between 100m) and
zerc amperes, The output current should never be

;i*\:e. outpaut ters

© proximately 1% ot 50pHz,

¥

-1

(100mA), or ciipping of the out
‘ternal’damoge will iesult,

ot

i

b

put and possible in-

Bl

P : :
of the supply

h
(T

-

o

! o

a\' , gy

'+ A0 A1 A2 A3

l@

LI
¥

' .+ 3=35 The coupling capat:

b

itor {G¢) shou ltlf bq'

J

i

1

“Figure 3-8, External AC Modulation
b ; [ : '

) .
by

3

chosen so thdt its reactance 15 at least ten times
! smaller than Ry at the frequency of interest, For
input frequencibs up'to 50Hz;, the 'vutput of the
supply can be nfnqulnted 100%, Above 504z, the
'modulntinnpnpability decrenses ;I"intz.?'[,ly‘ to np-

3-36 It is ino'ssiblé to simunaneé’ﬁ,gly

BN
’1"‘ S '

sistance program and extcrnnlhzlmbtiulme the dc
current output simply by combining the stropping
patterns of Figures 3-3 and 3-B as follows: .

a. Connect-external modulation source,
coupling capacttor, and series resigtor between'
terminnls Al and A3 a5 shown in Figure 3-8,

. b.. Do not connect strap bétween terminals
Aland A2z, BT ‘
c. 'Connect remote’ programming resistance
en tenﬁl‘nals,i\(} and AY as shown in Figure

betwe
3~-3..

R

I : k e !
- Ii it is desired to slmultaneously"remote' voitage'
program and externally modulate the de currsut

- ‘output, please consult an HP shles enpginoer, ' -
. b s L

3-37 SPECIAL OPERATING CONSIDERATIONS

. 3-38 PULSE LOADING -

3-39 The power supply will automatically cross )
over from constant current operation to voltage
limited operation if the ouiput voltage reaches the
‘preset'limit due to an increase in load resistanck,
Although the preset limit may be set higher than

remote re-

1




the average output voltage, high, peuk voltages ' series interr.ally acrosj the supply, Under normal’ |-
due to.pulse londing may reach the presct limit - ¢ opcr&ting'iconditlons. “tha sprieg combination of

and cause crossover to occur, i If this crossover these,'diodes is reverse binsed (unode connected
limiting i5 not desired, the voltage limit should | o the negativo ‘output termlnal). If & reverse \tolt-
be set Ior the peak kequlmmem and not the aver- age is'applied to the output terminals (positive
age. . SRS _ _ ... - voltage applied to the. ncgative output terminal),
' ' o C v the diote dombination will’ 'conduct, shumlng cur- ' i
3~ 40 REVER.:E VOLTAGL LOADINC‘ rent tyrough it, These dim.c-s protccl the series
R o regulutnr trunsistors. AR
3-_41 Diodes VR6 nnd ("R43 ore connectcd in. ;. ' o \
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O‘IERALL BI.OCK DIAGRAH DISCUSSION
=t

4 2 'The major ctrcuits of thn powcr supply are
‘shown in Figure 4-1, The input ac Tine voltage

. passes through the power tmnsformer and is con-
' verted by he rm‘tlﬁer and filter to "row" or un-
_regulatett de,  This "raw” d¢' is applied to the

-+ series. rogulator, which varies its conduction in

order 1o keep the nuiput currcnt at a copstant

4-1

level. Thé sange of the output currr'nk is sciected

by, the currr\m. RANGE switch; the position of the
bwitch determines the value of current .mmpllng
rcbishence that - is’ placcrl in series with the po::l-

tivo OL.tput tcrmina S o
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14-3  The scricsl regulator is pnr.t of o feedback

loop whose other components include: the (cont stant”

current comparator amnd the current sampling resis-
tor{s). The purpose of this feedback loop 5 to
maintain the current flowing through the series
reogulator ot o constant, well rec)ulaled value,
During normal constant current operation, tho con-

stant current comparator continuoualy compares the | ‘

voltaye drop across the current sampling rosi.slur,
with the reference voltage from the progrimming/
guard supply,  If a-difference between these two
yoltaaes exists, that is, if the IR drop across the
current sampling resistor does not egual the pro-
. gramminyg/guard supply voltage, the constant
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" the circuit common point for the supply {

. 0‘3‘3-

current comparitor sends an amplified error signal’
to the’ series regulator,: The error signal nlters the
gonduction of the series regulator until the voltage
drop across the current samplihy resistor once
\again equals the programmlng/guuru supply volt- "
'Thus the actual output current is held con-
"stant ata level proportional to the programming/

o ‘ard supply vo!lnge. ' o .

4 4 The progrummlnr_}/guarcl supply is'an tndepen-
dént, regulated, variadle veltage- supply that si-
'nultnncously performs two distinet functions, In -
its ptimary or progrn'nmihg function, lts output

v

.. voltage serves as a'reference against which the

drop across the sumpung resistor is cumpared in
' order to maintain the output current at. a con:tant
“level, In its guard function, its butput is con-
nected to a copper guarrl conductor surrounding the
positl\re output terminal, Since the’ constant cur-
rent compamtor maintotns the positive output tor-
minal at the same potenlial as the output of the .

. programming/guard supply, ro leokoge current

~Tlows’ from the pokitive output terminal, - Instead,
Ieakage current that would normally flow from the
- positive outpul termlnal flows from ihe guard con-
ductor. via the low impcdancc programming/guard

o ‘supply. ' , - \

As mentioned above ont shown:in TPigure 4-1,
} is
the inboard side of the'current sampling resistor,
This Isa significnm point because it insures that
only the cuiput current, flows through the current

- sampling 'resistor, In this wny. any leakage cur-
rent flowinn direct.y between the’ 5upply 5 two. out-
put terminals ig climinmed, anut precise Ioad reg-
ulation ts obtained, Notc that the clrcuit common

4-5

" point is at a differént potontinl than both the neg-

) T
i
]

nal),
"the progrumming/guard supply angd not by the main

ative output terminal nnrl the choassis ground,

-4-6  The guard conductor also serves as o con-
venient connection point for tht meter circuit, If
“the, voltmmcr were 1o be placed. directly across the
output of the supply, its relatively low resistonce

“would degrade the load regulatjon and diminish the

load' current,  Instead, the voltmeter s connected
between the guard conductor and the négative out-
‘put terminal (remember that the guard lstjmnlntnlnqu‘
at the same potential as the positive output termi=s.
The meter drive current is thus supplied by

regulated current supply. The ammeter is connect-
ed between clrcult common and the'guard conduc-
tor, allowing it to indicate the output voltage of
the programming/guard upply, As described in.
Paragraph 4-3,' the IR drop across the current sam-
pling resistance is held equal to the output voltage
of the ‘programming/guard supply; thus measuring -
this voltage produces an indication of the (output)
currcnt flowing through the current sampling resis=
tor. . o . . ‘

] . B

» voltoges are full!ng.

, put current,

4-7 The turn-on/turn~off control consists of a

~ pair of long~time-constant networks that allow the'

supply to achieve a gradual turn-on and turn-off : -
chargcteristic, thus minimizing any current tran-
sients appcaring in the output when tke instrument
is ﬁrst turned on or when power s suddenly re-
moved, At turn-on, the control circuit withholds
"drive current from the series regulator until all
other circuits in the supply have stabilized, ' At»
turn-off, the control circult immediately interrupts
the drive current, thus preventing the sdrics rogu-
lator from remaining on while- its blns ami contro! .

I
L . . A -

d»B The bleed circuit maintains a continuous,,
smal] current flow through the series'regulator. -
“This current provides a path for Irakage currents
and keeps the series regulator on and in its active
region at all ttmes, even when little or no output

"~ current is bc&ng drawn from the supply, Mainmln—

ing this on-condmon insures.that the supply will
maintain its regulutlon at. very low otitput cmrcnts
o

4-9 ' The ,voltage limit circuit providcs an adjust-

" able limit ob the output voltage of the supply., If

the output voltage exceeds the preset Umit (set
with the front panel VOLTAGE control), - a shunt’
regulator gate diode is driven into conduction, The.
shunt regulator draws current away from the load,
causing the output voltage of the supply o bo

" clpmped .to the preset limit Ievel

b
| H

©4-10 Thf;j\r'oltagc limit Eamp circuit drive’s tiie front

pancl LIMIT lamp; this circuit is activated by the
shunt current that flows through the voltage limit '

) circuit when the supply output voltage rises, .to the

preset ltmit level, When lit, the lamp informs the -
supply operator that the fel) programmed. output cur-
rent is no longet being supplied to the load, jand
that the output voltage has ronchet! the prowleclnd
llmit '

g-11 The r:omblnation of the programming scheme

. ond the voltoge limit circuit used in the 6186C al-

low the output current to be set without shorting the
‘output terminals, As noted in amgraph 4=b, the
front-panel ammeter indicates the programmcd out-
If the supply i5 operating in the nor-
mal constant current mode, all the proyrammed vut~
put current is delivercd to the load: if the :,uppl",'

is operating in the voltage limit-mode, part of the
proummmed outp;‘it current {or all of it, "if no load '
“is connected) is flowing throligh the shunt requla~

tor, Thus the seriés'reyulator-and the curreny snrr‘\- :

pllng rebistor are alwav.» conducting the program=. !
"'med output curren“ and the nmmeter, actually ‘in-"!

dicatidg the output. voltage of the program! ing/
guard supply, indicutos the progrnmmed output cur-

rent regardless of the loud, conncctnd to the: bupply.

\"

A~12 The refr_-rence supply prov.de‘s refcrcncc and’-

v
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- Figure 4-2. Simplified Schematic
i~-bias voltages for the constant current section of ' independent, regulated, variable voltngc'bupply.
the instrument, The supply has four regulatedd ‘ . The'operation of this supply is most easily under-
outputs (#12.4V, +7.5V, 46,2V, and 15V) An ad- “stood when it s drawn in the standard operational
“dittonal, unregulated output (+29V) is provided tor ‘ amplifter conflgumt!on shown in the top third of
use in the bleed ciycutt and the voltage limit lamp Figure 4-2, An input voltage LR (derived from the
‘ circult ' _ - - reference supply and reference diode) is applied 1o
summing 'point *5" via resistor Ry, The output
"13 S"‘PUHED SCHE"ATIC DISCUSSION veltare Eg is fed-back to this same summing point
. througn resisto: Rg {the frofit-panct GURRENT con--
4-14 The simpliflerl schematic of Pigure 4-2 i1- , trol). Because the input impedance of the ampliﬂnr
lustrates the three maln circults in the power sup- ts high, the inpu! current to the amplificr cnn be
ply. These circults {the progrnmming/gunrd sUp= considered negligibly small, and all of the input
ply, the main current regulator, and the voltage current flows through both resistors Ry and Re.
limit circuit) are delineated by separate shaded ', Th [eedback and the very high gain of the amplifi-
aren,slin the figure. The following paragruphs - ¢k holds the two fnputs to thevnmplifier equal:
discuss the functional details of each clrcuit and therefore, since onc input is connected to circuit
_the feedback loops formed by the interconnoction common { ), summing point H ts held at zero
of the thrce clrcuits. o o : ‘ potential {virtual ground), From thé above state-
' S ments, the standard.gain expression for an opern-
4-15 EROG‘RAMMING/IGUAPD’ SUPPLY ‘ tional amplifier Is casily derived as
© 4~16 The programming/guard supply is an '’ o kg = -ER (Rq/RR) oo




This equatlion indicates that the output voltage E¢
of the programming/guard supply is lintarly depen-
dent upon the setting of the current control, RQ
{doubling the value of RQ doubles the output "volt-,

- age). Thus linear control of the regul’tted output .
current is nssured v

: 4-17 MAIN GURRENT nrcu‘uvrdn

' 4-18 As' dia,cqssed in Parauraph =3, the output of
the programming/guard supply providos the pro-
gramming voltage (Eg) for the main current regula~
tor, ‘This.dc voltage, negnttvc with respect to cir-
cuit common, is appiied to 'one of the inputs of the
constant current comparator. The other tnput is
conrected to the current sampling resistor Ry.
The constant current compurator continuously com=-

i pares the voltage drop across the current monitor-
ing resistor {TQUTRM) with the progmmming volt-
age (Ec;) If these voltages are momentarily un-
equal due to a load disturbance or change in the

~ 'output current control setting, the error voltage 'is
amplified and applied to the series regulator tron-
sistors, altering the current conducted. through
them and forcing the voltnge tlrop IoUTRM to once
again cqual EG. : K 4 v

+ 1
N

© 4-19" The output current is thus related to the pro-

gramming voltage and the reference voltage'by the ;e

‘relattons_htp : S . -

i

IOUT = EG/hM = BRRQ/RPRM i

!\s this cquntlon suggests. current bumpling rcbis-
tor Ry is a critical component and ts selected to -
have low noise, low temperature coelficient, ond
low inductance,
to give an adequote current monitoring voltage,
yet small enough to minimize its temperature rise
and the resulting resistance chonge coused by its
own power dissipation. Note that the -same pro-' -
gramming veltage is used on all three output cur-
rent ranges, and that the range is changes by
swltchmg the v.lue of theé current sompling rests~
lOl‘b (sce Tigure 4- 1) o :
[
4-20 The high output irhpmluncc of the power sup-
"ply ts o result of several fnctors, both electrical
ant'mechanical, TFirst, the series regulator tran-
sistors are in o cascode cénfigumtiun (sce Para~-
graph, 4-50), which has on Inherently high outpnt
impedanco. Second,  the high open-loop gain of .
the constant current-comparator antd error-pimplifier’
‘provides greotly increased closed-loop output im-
. pedance when fDQ(ldeL is introduced, Third,
. there is no physical output cnpncitor plncml {Icross
- the output terminals, Mthough the oulput tmpod=

ance falls off with [rcquency due to the necessary

gain and phase compensation in the amplifier cir-
" cuits, it is much higher than it would be if 0 cn-

Its ohmie value is lorge enough
© output setting.

.pacitor were connected across the output terminals,

.
=

Finally, the impedances of internal leakm:e paths
liave been made as high as possible by caroful
mechanical tlesign. For example, the series *egu-
lator transistors are clectrostatically isolated from.
the chassis by a copper-clad mylar shield connect-
ed to clreuit common; the transistars are insulated
from the.shictd with a layer of boron nitride which-
has an ext!remely high insulation reslstance,

4-21 Further reduction 4n' leakage, both internal
‘and external, is achieved through active guarding.
The operation of the active guard depemds on the
‘fact that the unwanted leakage currents are flowing
through some impedance to get into or out of the
sensitive circuit. By cnrefully surrountding the
sentitive clircuit ‘with a conducting surface cr
,guard ‘each of the impedances between the sonsi-
'tive circuit and the outside world can ke split into

" two parts, one between the guard and the sensitive

cireuit and one betwoen the guard and the rost of
the world, When the voltage between the guard and
the sensitive clrcuit is kept at zero, the guard ag-
complishcs its purpose of climtnatlng unwanted'
currents flowing into or.out of the sensitive circuit,
The guard is not connected directly to the sensitive
circuity 'if it Were. thcn no improvement would re=

sult, "

4-22 As discussad tn Paragroph' 4-4 and shown'in
Flgure 4-2:by a dotted line, the postttve output
iterminat. the current sompling resistor, and the
non-inverting input to the constant current compo-
rator are all surroundetd by a guard conductor con-
nected to the output of the progrnmming/gunnl sup-
ply. The constant current comparator }.eepb thé
positive output terminal and the -guord contlucior
within one millivolt of each other for any load or,
Any leakage impedance connecte:d
to the positiye output terminal thus has nearly zero

“volts across it, and leakage currents are forced 1o

flow through the gunr(l lnbteml of the positive out-
put tnrmtnal _ ,

4-23 VOLTAGL LIMIT GIRGUIT

4~24 The }msic Iunction of the veltage Hmit circult
i5 to provide an adjustable limit on the power sup-
ply output voltage, This Iimit is necessary to pre-
vent the output voltage from rising to the “raw"’
supply voltdgerof more than 400 volts when the load.
is removed; such prevention is necessary for the
protection of both load and operator, ‘
4-25 The voltage limit clreuit'is an indepondent,
rcyulated, variable voltage supply with cutput
voltage Lp. The veltage divider formed by the volt-
age limit control Rp and resistor Ry allows a frac-
tion of this output voltage to be nranllml to one in-
put of o comparntor. A zener diode ‘connected to
the other'input of the comparator establishes o rof-
erence voltngp. IIf o difference exists between the

i

4

\‘l

+




™o o .
referewse voltage 'and the fraction of the cutput .

voltage, an error signal is produced by the compa-

rator and applicd to the shunt regulator, which
varies its conduction unti) the output voltage Fy, is
at the level required by the setting of the voltago
limit control, .

) " . .
4-26 Wh'en voltage limiting action is not occuting,
the settlng of the voltage limit control establishes
across the shunt regulator (as described fn Para-
graph 4-25) a preset voltage limit’ Ej, which is"’
higher than the positiye output voltage and its
twin, the guard voltage, Since there Is zero volts
across the series combination of isolation diode
CR22 and resistur Ry no current flows through

.them, Potential Eg is thus'present at their junc-

tion, back~blasing isolation diode CR2I, Any

_small reverse leakage current flowing through CR21

flows through Ry and into circuit common via the
programming/guard supply, but 'doecs not flow into |
CR22 or Lhc positive output terminal. The shunt )
regulator conducts o Mstandby" current’ through '
bias resistor Rp; tids current insurés thot the shunt

" voltage regulutor is operating in its lincar rcgton,

ready to react ‘quickly when volmge limiling’ action

is required. thus minimizing crossover trnnsients.

"I-—ZI 1If lhe cutput volmgc Q}(COC[IS the preset volt-
age !imit value, GR22 ond CR21 conriuct, momen-

tarily.placing o potential higher than EL on the col-
‘lector of the shunt regulator.’

This unbalances the
voltage limit comparator, which couses the shunt
regulator to tncrease its comlurtion, diverting o

portion of the curr~nt that would otherwise flow to
. the load,

Sinte the load receives less current, the
output voltage of the supply drops until it reaches
the preset voltage limit {Cp), at'which point it is
clamped by the regulating uctlon of the volmge
litnit ctreuit, a0 !

- 4=28" When CR22 nn(l CR21 are com}ucting. the

programming/guard supply provi(lcs a current
through Rj and CR21 of such mngnitudc that the
voltage «drop across R] exoctly eyuals the forword
voltage drop across CR22, This insures the con-
tinuing fullfiliment of the primary condition requir-

‘ed by the main current regulating fecdback loop

(zcro potential between the positive output terminal
and the guard conductor), The voltage drop across
resistor Ry is also used to trigger the voltoge limit
‘Hght clrcuit. since the voltage drop is present
only when the voltage limit circuit is nctwatcd
Note that even during voltage limiting action, the
output of the progrmmning/guar(l supply {L¢;) is

.maintained at a value equal to the potential at the
_positive output terminal,

Both guarding action and
the normal control action of the main current regu-
lator continue, minimizing any output current tran-
sients which might tend to occur during transfer
from voltage Hmit mode to normal output current
maode,, Qutput.voltage transiente are also

‘

B

I

" the other input (011 base),

' minimiz.eti'. since the ﬁoltggc Hmit circuit géps in-

to aperation in as little time as it mkes to furn on
the two isolation diodes.

4-29 DETAILED CIRCUIT ANALYSIS
(See Figure 7-4) '

4-30 RLCFERCNGE SUPPLY -

4-31 The relerence supply is an indepeﬁtleht. reg-
ulated voltage supply that provides stable bias and
rcfcrencc voltages uscd throughout the instrument,
¥yl thc'mfercnccs, voltages are derived from raw de
obtained from full wave rectifier GR35-CR38 and
filter copacitor G35 «ll the voltages are meastred
with respect to'the circuit common point (v IN
: ' ]

1-32 The regulnting circuit consists of differential

. amplifier Q11-Q12, driver Q14, and series regulo-

tor Q15-016, Temperature-compensated zengr |
dicde VR4, connected to the baso of Q12 and bias-
ed by resistor R48, provides a stable reference
voltage (46,2 volt with respect to circuit common)
", for one input of the differentinl amplifier, The
voltnge divider formed by: rcsistors R45 and R4G ap-
plies half of the +12.4V regulated output {+6,2V) to
The feedback loop
functlonb to maintain the difforence between these
two lnputs at zero, For example,. H the 12,4V

* output momentarily increases, Q11 increases its

conduction, which decrenses the conduction of
Q14 and therefore lowers the base currens fluwlng
out of series regulator Q15-Q106, The +12,4V out-
put thus decreases from its highor—than‘-normnl \
value bucL to +12, 4\! : oo ‘

w 4=33 Triplc juncllon diorlp CRIZ .,ct the operating
fevel for Q4. Notc thit. the output of the difleren-
tial amptlifter is taken from both collectors; this
I'as the effcet of doubling the volmge gain of the
slage, when comparaitt with the ‘customary single-
collector-output differential amplifier configura-
tion. Resistors R4l and R42 in the emitters of |,
series rogulming transistors Q15 and Q16 causc the
current through the two transisters to be shared
cqually; RAD is a bleed resistor that allows turn-

~ on of the rcferonce supply by providing a current

path into the output of the regulator, Diode CR14
is one of many turn-on/turn-off didoes used
throughout this instrument,  In general, the func-
tion of these diodes is to climinnte output current
and voltage transients when the unit is first turn-
,cd on or when input power ts suddenly removed.
Speciflcally. CR14 blocks series rcgulator bias and
bleed current flow through VR3, VR5, and Ci5 to

" circuit common (and thus to the output of the unlt)

at turn-off, R .

4-34 Zoner diode VR7, biased from the +12.0V out-~
put through CR16 and R&B, provides o rogulated
+7.5V output; VR3 and VRS provide a regulpted =15V

1




output, An aaditional unregulated +23V output,
{used in the voltage limit lamp circuit and the

bleed circuit) is drawn from the positive end of
c3s, . ; :

. 1 . | .
4-35 PROGRAMMING/GUARD SUPPLY

4-36 The prqgrnmﬁ:ing/’guard supply is an inde-
pendent, regulated, variable voltage supply. As
described in Paragraph 4-4, it provides the pro-
gramming voltage for the constant current compa-
rator, and also provides a guard potential that
eliminates lenkage currents flowing between the .
instrument's output terminals.” Paragraph 4-16
describes'the operation of the progrnmmipg/guard
supply in operational amplifier terms;, the follow-
ing paragraphs describe the supply’ s opemtion on
a stago-by—stnge basis, b

4~ 37 The programmlng/guard supply consists of a
differential amplifier and nsso}:imcd constant cur-
rent source (Q7A~Q7B and Q5), an error amplificr
(Z2), and an output regulator (OB and ,G9). The
differential amp)ifier consists of two mmcheu sil-
icon transistors housed ina single package; this
configuration minimtzes thermal differential drift L
since both transistors operate at the same temper-
ature,  Transistor Q5,; connected as a constant
current source, blases the emitters of both transis-
tors in the package, Q5 is blased with the com-
bination of VR1 and R34; these components arc
shared with Q4 in the constant current comparator,
One input of:the l!!ffr*rcntitnl amplifier {O7A base)

is connr ctccl to the circuit common point through
resistor R30. 'the other input (Q7B base) is con- -
nected to o summing point {termina) Al) at the
junction of programming reststor R15 and current
pullout resistors R31 and R32, Diwdes CR7, CRE, ond
CR49 form & 1imiting network that protects the input
from overvoltage. Potentiometer R29 {GUARD ZERO
ADJUST) allows the differential amplifier base-to-
base voltage to ' bb balanced by varying the ratlo of
the differential ampltﬁer 5 collcctor currents, \
4-38 Instantancous chahgcs in the output of the
programming/guard supply (terminal AO) result in .
an increase or decrease in the summing point po~
tential; this unbalances the differential amplifier
and produces an error sjgnai, The error signul is
amplified and fed to the programminyg/guord sup-'
ply's output regulator, which altcrs its conduction
sufficiently fo return the output voltage to fts

former leve! {sclected by the setting of CURRENT
control R15) and thus balance the differential am-
plifier, Because the summing point is held ata
virtual ground by the high gain of the supply's
feedbatk loop, o constant current flows from the
+6.2V reference through R31 aml R32; this proctucc.,

a constant current through the programm!ng poten-
tiometer, which Insures linear progn‘:immm(.l. Re~

sistor R33, connected in para!lel with R31 and RSZ

4-6

' provides an extra éuLc

1o thc difference.

4

,! In a single package.

,Q4; as mentioned in Paragraph 4~37, tne biasing

_ nt that allows for the toler-
ance of R15; this insures full~range programming,

4-39 Amplifier 22 is o high~gain, bipolar. cutput,

1C operational amplifier.. Components C7, % ' :
Cl0, CI1, ‘R25, and R36 provide gein and , ]
phase compensation for the stage; CR9 and GR10 ;
form a limiting network that protects the fnput: from :
overvoltage. '

4-40 The programming/guard supply output regu-

lator is @ push-pull emitter follower, Its function b
is to maintain the programming/guazd voltage (vari- v
able between 0 and minus 10 volts with respect to ) (
circult common) at the level set by’ ttie CURRENT
control. ' I a change in the CURRENT control set-
ting requires the voltage to decrease (become less
negative), the positive error signal produced by 22
drives Q9 into greater condutilon and decreases the
conduction of Q8, pulling the obtput voltage to~ '
wards +12.4Y. [If the voltage is' rnquxmd to'in~-
crease (become more negative),, the hegative error
signal produced by 22 drives Q8 into greater con-
tduction and decicases the conduction bf Q9, push- .
ing the output ‘'voltage towards =15V, This push- -
pull action results' in much faster urogrnmmhg than~
if n single-ended stage were used,  Zener diode VRh,
connectet across load) resistor R19 and output filtu L )
capacitor CI, prevents the programming/guard sup=

ply output.voltage from going positive at turn-olf

or from excecding ~12. 4V, The combination of

VR6 and CR43, connected in series from the minus
output terminal to circult common, alse provides,
reverse voltage protection for the entirg instrument. “ .

4=-41 CONSTANT CURRENT COMPARA’f‘OR

Il

ri 42 The constant current corﬁpamtor 5 0 Atffor-
ential amplifier whose function s to compare the
voltaye drop agross the current sampling resistor !
with the output voltage of the.programming/guard ‘ ‘
supply, and to produce nn error signal proportional

As discussed in Paragraph 4-18,

the error signal is npplied to the series regulator,

which alters its conduction until the IR drop across

the sampling resistor equals the programmine uunr:l

supply voltage, .thus kecping the output cuncnt

constant at the desired level, \

L

. i
1 1]

4=-43 The constnnt current, comparalor consists of
a differential amplificr and absocintcrl constant
current source (QIA-Q1B and Q4), a differential
driver amplifier {Q2-Q3) and an output amplifier
(21). ‘As in the guaril supply, the differential am-
plifier consists of two matched silicon tram,lstor,s ' o
The emitters of the differen=~ . '
tial amplifier are binsed by constant current source -

componients for Q4 (VR1 and R34) are shared with
Q5 in the programming/guard supply, One input of




the differenttal samplifter {Q1B base) is connected
to the output of the programming/guord supply (ter-
minalt AD} rprough fumper J1 (used in tHe trouble-'
shooting rroceduro) the other input (Q1A base) is’
connecied 1otthe outboard side of the oppropriate
current sampling registor (R1, R2, and/or R3) .
through R16 and current RANGE switch 82, DiO{.}=
CR3, CR4 and CR48 form o limiting network thm
prolhcts the input from overvoltage., R16 limits
the peak current that output tiansients can inject
into the programming/guord supply throuyh, CR3 -
{nnd alsp ncts’ as a‘fuse), Potentiometer R 1.
(CONSI‘AN'P CURRENT COM PARMNTOR' ZERO I\DJUST)
allows the diffesential amplifier base-to-base
voltage to be balanced by varying the collector
voltnge on OIA. . ‘ !

Ve

' 1
'

4-44 Differcmiul driver amplifier Q2-03 is oh\
emitter followpr: ils primary function is to match
the relatively high output tippedance of’ differentiol
amplifier Q1A~QIB to the relatively low input im- .
pedance of amplifter 21, CR1 apd CR2: form o
limiting nelwor}' similar in purposo to CR3 ondCR'l

4_-45 Qutput ompliflor %1 1s a h!gh-goin, bipolar
cutput, 1C operational amplifier, Components 02,
C4, C5, G33, and R4, provide gnin and phase
compensition for the stage. At turn-on, diodes
CRS50 and CR51 clamp the output of amplifier-21-
unttl the sertes regulator is turned on ond the cur~
rent feedback loop stabilizes. 'This prevents G2

from charging up to +12, 4 volts and.delaying the ™,

start of regulation until it discharges. The nn.iplifier
acts as & variable current sink for the drive current
supplied to the series regulator throngh transistor Q22
in the turn-—on/tum-off control (sor' Paragraph 4-47),
For' example, if the sampillng tesistor voltnge drop
is momentarily higher than the output voltage of the
pi agramming/guari bupply. omphificr 21 increases
its conduction and diverts more. drive current’away
from the scries regulator, causing a corresponding
decrease in the regulated outpul current, . This de-
credse causes. the sampling resistor voltage to drop,
returning the differential amplifter to n balanced
condition, Diode CR17, connected in the error am-
plifter's output line, prevents the amplifier output
from reversing and driving current into the serles
regulator (such current would gencrate on unwanted .
turn-—on signnl)

+

4-46 TURN ON/TURN Qrr CONTROL

4-47 'The turn~on/turn- oif ‘control con.;iatl. ofn
pair of long-time-censtant networks that allow the
supply tO{achfeve a gradual turn-on and tum-off
charncteristic by controlling the drive current to
the series regulator. The source of the irive cur-
rent is the +12,4V reference voltage; the path the -
current follows durtng norma)l operation is through
CR16 into the emitter of 22 (saturated during nor-

hl

-,|!.1 t '
o

mol operolion), out tho collector through R60 ond
'CR45, ond into Q2% and Z1, At lurn-on copacitor
cis .nitial!y céuples ~15V to the base i Q29,
keeping it in cutoff; 'I'he series regu!o or drive
current s thus diverted through CR34 ihto ClB.. )
As C18 charges, CR34 becomes back- Hiased. and .
CR45 becomes forward biosed, swltchi,r g the drive
current into the series regulmor. Caphueitor om
then continues charging through ‘R6S, n.’uring that .
GR34 remains back-biasod Didds CIf6 pro\}idos n

., discharye path for, C18 at turn-off, refetiing the:

1

circuit for another turn-on cyclo. ‘ ,' W
i 1- 48‘ At turn-of[, the voltage on copocitor c21
(discharging through R66) falls J.'slow{
the +12:4V reference, This revorse biosob the'
base-emlttcr junction of ‘Q?. , immccliately turning
il off ond’ interruptiry th¢ series re ulotor drive
current. . The series regulnlor is thu's. pfnvont-‘ R
“ed from remalnlng on while its bin voliabog
are falliny {such a cor;tlmon could result in uncon-
trol!ed output current tmnsicma) / ' :

AU

4*49 SER[ES RBCUU\TbR

S
AR

i ! !
J P
- 4~50 The serios rcgulmor is tho hcart of ‘ho con=
stant currom}supply. it regulates the output cur~ -
rent by altering its oonduclion {n accordonce wlth ‘
the feedback signal from the conbtnnl current com-

parotor and the main error amplifier. Réducoh o
[its basic form (see "Main Current Regulator” block
in Figure -1-2). the clrcuit consisxb of a common
emitier stage in series with o common base stage,
This configuration, called "coscodq" in technical
literature, cffectively combines the advantages and
climinates the disadvantages of each of the two
types of circuits, A common base stage has high
output impetance {very desfrable in a constant cur-
rent source), but is difficult to drive because all
the drive current must go through the collector bias

- sourge,' A common emitter stage, while easy to
drive,  has a-relatively low output impedance,
Combining' these two circuits in b cascode config-
uration resuits in an amplifier that is both easy o
cdrive .md has a high output impedance,

4=51 Rnforring to the schemntic tHagram (Figure
7-4), it can'be scen that tronsistor Q29 is the com-
mon emitter stage {emitter connectedd to clircuit
common through R50); and that Q24 through o
.28,  when taken ns,a unit, form the com- '

mon bnm_ stage {base connected to circutt common
through the reference supply), Transistors Q24 nnd
Q26 form o Darlington pair, as do transistors Q25 °
and Q27 (leakage resistors R62 and Rb3 can be con-
,stdered as having negligible cffect upon the Dar-
Jington actlon)l Viewiny coch palr as a single
transistor, it can be seon thot Q24-Q26, Q25-Q27,

and Q28 form a string of three equally-biased, )

i
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common~base stages (R73, R72, R71, VRZ, apd R51
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forrn the bias hetwork). Three séries stages arp:
required due to the high power dissipntlon inuolvnd
Zener dipdes VRI 01 through VRI06 protect each of
these three series sthges’ from excessive voltage
due to the unequpl voltnge division that might

- occurduring a transient ‘caused by shorting the nut-
put. ‘Note that lhe usc of Darlington pnirs in this
circuit reduces ‘the power clissipntion in the bins

. network. since the drive current of 026 and 027

flaWS throuqh 024 ant 025> instund of R73 and R72,

f,'.

: 4-52 Dmde CRI1B limits khc revcrac hln.-, on the
CR19 provides o path

babc-cmmcr junction of 29,
for the series regulator bloerd curront at turn-on
(through thn 29y unrequ}nted refefence supply »
voltage to circuit common).’ ;20 and R70 shape
thc frequency mspon-se of the series rogu'ator

_."-‘-4~53 BLEED GIROUIT |

“1 54, The blccd clrcmt mainlnlns a continuous -
current flow through the series rcgulator, leeping
it on and in its active: rcglon at oll times, The

E circuil has two Internai current: paths—an ' actl\m"'

.
t
1

I
i
i
i

|

path and o "passive” path, 'Resistors R100 and
RIDI ‘connected from +29V to the-negative output

us (and ’fhus effr»ctivcly Irom elreuit common to
the'negalive oun}ul bus). form the "passive” path,
. These resistors qrnw a current through the series .

' rcgulator whose magnitude is proportionpl to the'

supply output voltngc.

i 3 r . " 1]

4=55 +In ordor to m.nmain lhe bléed current. at o -
relmivel; constant value over the complele ronge .

-y from no load to full load, another current path

i

i

'

("active") is provided by transistors Q37 and Q39,
These transistors form o variable current sink |

, whose conduction is control!cd by iriver QBB The
base of: QSB senses a portton of the output voltage
at the guard conductor throngh.voltage divider
R9B-R99, As the output voltage decreases, Q38 ¢
increases its conduction, thus Inereasing Q37's X
conduclion. This increase in current approximately
balances the decrease in the current flbwing
through R100 and R101; thus thetotal current
drawn through the series regulator by the bleed
circudl is maintatned ot o relatively constant level,
4-56 Driver stage Q3B is binscd from the lower
vend of RI15R L the volmge limit cirduit, This
point, matmaincd at upproxhnnlcly +11,2V by VR12
ond 'VR13, serves as-a bias veltage source, for

Q32, Q33, and Q34 in the voltage limit t.ircuit ak
well as QSB in the bleed circutt, Sink transistor
Q39 is 'biased by R100 and R101; R94 is a “power

- sharing” resistor that reduces the! power dissipa-
tion n Q37.and G3Y, Diodes CR3Y and (,RfIO are
babc-nmitter junction protection diodes, " Diode .
CR25 prevents
" bias voltage source into the guard conducior,
,Dmdes CR30 nnd CR44 are turn-on/turn-off diodgs:

W

reverse current !Iow from lho +11,2v “

]

CPJD (normnlly off) and CR44 (normally on) allow
cqrmnt to flow from the 11, 2V bias voltage supply
poim through R10D and R101 at turn-off, -thus :
Lebping transistors Q37 and Q39 biased on as the

' +29V reference supply voltage is falling,

b

1

' independent, regulated,

I

4= 57 ‘VOLTI\GE LIMI’I‘ CIRCUIT b

'4-58 The operation of the voltage limit circuit is
explained functionally in Paragraphs 4-24 through
4-28, In summary, the voltage limit circult is on
variable voltage supply
that establishes a preset voltage limit across the
shunt regulator, When the output voltaye is less
than the limit voltage, isolation diode CRk22 has
zero volts across it, and CR21 i5 reverse blased,
When the output voltage slightly exceeds the pro-
set limit voltage, CR22 and CR21 conduct, allow-

"ing a portion of the output current to be divertied

away from the load and through the: shunt regulator,
A4=5% The voltage limit circuit consists of a differ-.
entinl amplifier (Q33-Q34), ‘an orror nmplifier
(Q32), and a shunt regulator (Q35-Q36), One input
of the dl{ferﬁnual amplifier (934 base) senses o
fraction of the voltage limit circuit output \roltngo
,via-the varinble voltage ‘divider formed by RB4-RB7
nntl RB5~-RB6 in sertes with VOLTAGE control R75, .,
The other input {Q33 ba:;c) is"connected to zener
diode VRI2, This diode, connected in serics with
YR13 and biased through R115A-R115B, establishes

. a 45,6V reference agatnst which the frqclion of they

llmig voltage appearing ot the other input i3 com-
pared, The combination of VR12 and VR13 also es~
tablish a +11.2V bias voltnge l,cmrc:r: for 32, 33,

- and Q34 in'the voltage limit clrouit as well as Q'm

in the bleed circuit, Diodes CR2Y and GR2Y form.
a limiting network which protects.agaltnst break-
down from overvoltageé, Selected resistor kB7 od-
justs'the value of the current {supplicd by the

, voltage limit programming current source; see

. Paraoraph 4-64) required to flow through R84-RB7 to

. coefficient,

~end resistance of R75 equal 1o the

produce a veltage drop exactly cgual to that pro-
tuced by VR12, Since this current is also flowing
throunh programming potentiometer R75, adjusting
the current adjusts the voltage limtt programming
'Seledted reststor RB6 compensates for
tolerance variations in VRS, By making the sum of '
the voltage drops across VR12, RB5-R8G, and the
sum of the volt-
age drops across YRB and CR20, the voltage limit |
can be adjusted to approxir ately zoro wheh pro-
gram'ne(i to zero, - | )
160 ‘The feedback’loop functions to maintain the
tifference beiween the two inputs to the differen-
tinl amplifier at zoro, For example, if the voltago
limit level (nppenring ot the collector of 035) sud-
denly increases, G34 increnses its conduction,
driving error amplif!er Q32 and shunt regulator

v
K



Q35-Q36 into greater conduction.  The voltage
iimit level thus decreases from its higher-thap-~
desifed level back to the level at which the differ-'
ential amplifier is balanced. "The function of Q32"
is thus to amplify the error signal produced by the
differential amplificr to a lével sufficient to drive
the shunt regulator. Diode CR31 protects Q32 in
the' event of a collector~basa short in either Q3L o
oir Q36; zenor diode VRIS limits the maximum cur-
rent flow thmugh 035 and Q36. - K

T

4=61 The shunt regulatur must dissipate power uer
a relatively wide range of voltages and currents.
Over 'most of this range, Q35 functions as a driver
for Q36 while Q36 shunts the necessery current

and shares the power dissipation with collector
load resistors R117, 'REEB, and R119, If the shunt
regulator must shunt a relatively high current whilea
relntivelylow volhge Himit i programmed, hnwe\.'nr,
the ability of Q36 to ‘conduct sufficient current 15
limited by, thcsc collector resistors, Under thesc
circumsmnces, Q36 gnn., into saturation and Q35
shunts the additional current required to maintain
the programmed voldage Hmit. . This additionn} cur~
rent fows through the base- emittcr junction of 36,
Copacitor C25 catzhes the initinl voltage Hmit
transient that occiir.-; each time the circuit goes

into voltage limit; resistor R9) discharges GC25 at
turn-off, Bias resistor R79 nl!ows thu shunt re-
gulator to conduct a “standby® curront and allows
C25 to be charged to the destred level: this insures
that the regulntor is nlways operating in its linenr
region, ready to rnnct ¢ ickly when VoItage 1imit-
ing action is requirnd ‘Diodes VRS, VR0, VRII, o
VR14, VRI5, and C’R-IZ conngcted In series from
the negative outpat bus to the collector of the shunt
regulator transistofs, ‘protect the transistors by
preventing the voltnge ncross them x’rnm exceeding
approximately 360 volts {such protection becomes
necessary if the supply s’ inudvermmly vperated

without the strap r:onncctlng rear turmlna!s A5 and
Ab). :

1
{

4-62¢The zeper diode siring discussed in Para-
graph 4-61 also provides protection for the series
regulator, ' If the output voltage of the, supply ox-
cecds approximately 345 volts {as would happen
when the strap between Ab and AB was removed
under no-load conditions), diode GR41 conducts,
This action diverts most of the series mgulalori
drive current (supplied from QZZ) through the zener
string and thus limits the voltnga applied to the
serles regulator to less than 345 volts, Under this
condition, zener“tifode VR15 holds the wvoltage limit
approximately 16 volts higher than the voltngo on
the scries regulator, ,
4-53 Zener dioder VRIG and VR17 provide a blas’
voltage that allows the cutput of the supply to be
set completely ‘o zero,

Without these diodes, the

.minimum output voltage appearlng between the out-'

put terminals would be the sum.of the forward.
drops of GR21 and CR22, the minimum Vgr {col-
lector-emitter voltage) of 035 and Q36, and the
'drop across, emitter resistors R116 and R93, ‘minus
the forward drop of CR26, With these diodes con-
nected between the shunt, regulator transistors and
the negative output terminal, the effect of these
voltage drops is neutralized anq the mipimum out-
put voltage appearing between the output terminals
becomes zero, Resistor R114, connected across
the diodes, limits the maximum resistance of the
circuit, Diode CR46, cannected from the junction
of the voltage doubler filter capacitors to the
junction of RIISA R115B, is another turn-on/turn~
off diode; it allows C32 tg'charge up rapidly when
the supply is first turned on, thus allowing the

1

voltage limit circuit to take effect before the serles

rngulmor is activated

)
1, 11

4 64 VOL’I’I\GL LIMI’I‘ PROCRAMMING GURRENT
SOURCE '

i

4-65 The voltage limit programming current source
provides the programming current that flows through
VOLTAGE control R75 and resistors RB5-RBO and
RB4-RB7, This current produces o voltage drop
pcross RBA=RB7 exbctly equal to the vollage drop
‘across VR12, The output of the programming cur-
rent source is OIWOYb gréater than the current value
required. to satisfy the above condition} any addj-.
tional current flows through VR8 and CR20 into the
shun't regulator, Note that this "excess” current)

T is actually necessary to maintain the vollage limit

. clrcuit s regulation, since the cnrrent through the

shunt regulator must be variable in order to allow
the feedback Yoop to reach a stablé regulating con=
dition, During raptd down~prograomming, diode

CR20 becomes bpck-blased (because the voltage at |
. the top of R75 is falling faster than C25 can dis-

charge through the shunt regulator), allowing. tho
"excess™ currefit to flow through the programming
potenttometer ‘nnd RBA-RB7." The programming gur-
rent source thus limits the maximum current that
‘can {low through R75, RB5- ~RB6, and RB4-RB7, If
CR20 were not present in the' clrcuit, G25 would
discharye through these componenta, possibly
damnging R75. .

o 4 66 The current source is comprised of two

series stoges, Q30 and O.’!l Functionally,
these two transistors (and R78} can be considered |
as one transistor (two series transistors are re-~

. quired only because of the high voltages involved),

Basc bias for Q30 and Q31 is provided by R77, R78,
and GR23; note that the vohngn across these com-
ponents varies from: npproximately 106 volts’ o

_ over,400 volts as the voltage limit setting is var-

 fed, Thus the total output current of the program-
ming current source is variable and depends on the

I8
]

n




)

1

:'I . Y y
" . . . : N
] . o

voltage limit setting; "the difference Lztween ‘the
current flowing through RB4-RB7 and the total cur-
. rent is the "excess" current montlonedl in Paro-
graph 4-65, Zener diode VRB ndds an extra bias
voltage to the output of the voltage limit circuit,
By allowing the voltage limit circuit cutput to be
depressed below the reference’ voltage at the sum-
ming point {+5.6V}, the voltugo Ilmit can be set to
opproximatoly zero, o, E

1

.4—67 VOLTAGE LIMIT LIGHT CiRCUIT

" 4-B8 The voltage 1imit lanip circuit energizes the
from—panel LIMIT lamp whenever the voltage limit
circuit is activated. ‘As mentioned in Paragraph
4-28,' a voltage drop equal tothe forward drop
across CR22 id developed across R60 (Ry) whenever
the \roltage limit circuit is trlggerod' this voltage,
..appearing on the basec of 020. is the lum-on signal
for the limit light circuit,’ o .
4-69 Transistors 020 and QZl]form the vol'ngo o
. limit sensing switch, When the limit Jlight is pot'
, ony, Q21 15 ch and Q20 is off. Emitter current'for
Q20 Is supplied by constant'current source QIQ
Components R57. R5B, R5%, and CR13 provide ', -
base bias for Q21 and allcws the switch to fune-
tion properly in the presence of o Varying common :

., mode voltage (the 0 to =10V output of the program-

C'ming/guard supply appears between the guard and
. clircuit common) When the circuit is uctivuted '
Q20 turns on und 021 turns off, driving Q17 into -
conduction. Currem thus flows from +29V through
. R55, "LIMIT lght DS2;. and Q17 to -15V, . VR1B
keeps a constant 5,6V across the light, preventing

i

r ' 4-i0

lamp burnout from overvoltage, e

4570 METER CIRGUIT

).

'4=71 The ammeter {(M2), connected between cir~

‘cuit common and the guard, measures the output
" voltage of the programming/guard supply. As ex-—

plained in Paragraphs 4-3-and 4-11, the constant
current comparator holds the drop across the cur-
rent sampling resistor equal to this output (refer—
ence) voltaye; the ammeter thus indicutes ‘the pro-
grammed output current, . Potentiometer R106 al-
lows callbration of the ammeter. The’ voltmelor

A(Ml) is connected between the guard and the neg-

ative output terminal, As oxplained in Paragraph
4= ”2, 'the guard conductor is malntoinod at the

same potentinl as the positive olbtput terminal; the ,

voltmeter thus indicates the output voltage of the
supply, Potentiometer.R110 allows callbration of
the voltmeter. Y

4-72 VOLTAGE DOUBLL'R

4

;;‘,1‘4 73 The voltoge doubler circuit is comprlsod of
-dtodes CR32 ~»nd CR33, and capacitors C30 and

C31. The circuit operates as follows: during the
negative ha‘f-cyclo of the input voltage, C31 is
charged through CR33 to one hall the peak-to-pank
voltage appearing across the secondary of trans-
former T1. During the 'positl.rq half-cyele of the
input voltage. capacitor C30 iy charged through
CR32 to the same level, " Thus the output voltage,
appearing atross the series combinatlon of C30
and C31, is double the value | would be ‘for n full

Nave, bridgo olrcu it.

\
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INTRODUCTION

.. _sECTIONV ., 7 o

MAINTENANCE =~ ' | v [

Y
"

5-2  'Upon receipt of the power supply, the per-

‘fo.mance check (Paragraph 5-5) should be made,"
. This check is suitable for incoming inspection,

If o fault is detected in the power supply while
making the performance check or during normal
operation, proceed to the troubleshooting proce-

dures (Paragmph 5-3C%
ment (Paraograph 5-47), perform any necessary ad- "
justments and calibrations (Paragraph 5-51},

After repair and replace-

fore returning the power supply to normal
X o : Lo

" t 1
A '

Ba~ .

operallon, repeat the’ performance check to ensure ’
that the fault has been properly cormcted and that
no other faults exist. Before performing any main-
“tenance checks, tum on the power s\Jpply and al-
i Iow one hour warm=~ up.‘ \ - !
]

‘5.3 nésr thwmeur REQUIRED

0
' t

5= 4 * Tablé 5- l lists the test equipment required
"to perform the varlous procedures described In
this section, ) .

‘ Tz;ble-s-i, Test Equipment Required .
. REQUIRED | ) Yoo | RECOMMENDED
E CHARACTLRISTICS ' ;o UsE oo MODEL

\, Differential *

Sensitivity:' ImV full scalé

Measure ‘de voltages; cali- ‘HP 34200/B (Sé'e'f

Load Switch

Rise iime- Zpsec.

Voltmeter - {min,),  Input Impedance-* 10, ,bratio"a procedures Note)
; megohms (mln ). Resolution: |~ .' y Lo
, 1 ppm of renge, . . . ! v T
e K] ; . . A
Varfable Range: 90-130 volts. Output "Vary ac tnput, - o —-—
| voltage ., ... | cument: 2 amperes {min.), ; ‘ N ,
IE 'I’k'ansfcirrlruéﬁ;l Equipped with voltmeter ac-a ' " o
a ot 1" curate within 1’ volt.", N [' o : . . o
AC,Vp"l'tm’eter True rms, Sens‘hivity. 0; ImV . Measure ac voltages and rms HP 3400A .
S . full scoje defle}cnon (m;n) ripple, ' : "
A "Accuracy:' 2%. T
* Qscilloscope | Diﬂcmminl tnpm Sensaitivity]l Measure ripple; display HPIBOA with 18214 ' .
b o] and. band\'uidt!,:‘lno;x\c':’cm and | transient response wave- time bose and 18064 o
1 .04 L osonkiz for genernl moeasure~ forms; measure noise spikes. | yortical piug»in: 1801 A
N 'l ments; SV seéns.tivity and HE - - plug-in for medsure-
) 4' ' 50}4”4 bnn(lwidth for noise ! ' moents rcqfuirinu i \-;ldel'
, . sptke measuremenl or to check bandwidth, :
' for high freguency oscillation, ' o o
DC Volt= Voltdgc bensitiﬁvity. Imy: full Measure ‘iic voltages and HP 4127
Ammeter | scale (min). Gurrent sensi- | curents, J '
‘ ! : tivity: Im!\ full .,raln (min.), ' v
S Acourm‘y* 2%, ., o ‘ .
Repetitive Swnching Rate; 60 — 400Hz : Measure tmnsient response See Pigurcs 5 S5 and

and programming spcect _7 " .':-"' o

r . - i

Loads

Reslstive

VHIU(}b See I‘igure 5-3, 30“,-
3,,0.3w {RL1, 2, 3} {must be | ‘
nonlnducnvrzl : ’

" Power supply load rests-

tors,

!
. ] o o
“i y N f ' (.‘
' .
\
i

!
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oo ‘
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i
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'Thble 5-1,

Tast thipment Required{Continued)

B REQUIRED
TYPE GCHARACTERYSTICS

- K"COMMENDED
w7 USE) MODEL

Values: See Figure 5-3. 0, 5%,
S5ppm, 4-Terminal, 10W, I/ZW,
A/2W (Rg), 2, 3) (Must be non-
'Inductive)

Current'
Sampli‘ng
Reslst?rs '

Measure output current; cnlw
ibrate ammeter.

Rl, R2 arid R3; 'seé
- parts table

g
]

Decade Ranget 0-100K. = .
Resistance Accuracy:: 0,1% plus 1 ohm,
Box Make-before-break contocts,

Adjust programming accuracy. | - oo

! : Y

o } o L o

U NeTE

. ‘
- A satisfactory substitute for a differ-
ential voitmeter is a reference voltage
source and null detector arranged as
shown in Figure 5-1, .The reference
: voltage source is udjusted so that the
voltage difference between the 'supply
being mensured and the reference volt~
. age will have the, required resolution '
for the measurement, being made, The
“voltage difference will'be a function of:
the null detector that is.used, - Exom-
ples of satisfactory null detegtors are:
"HP 419A null detector, a dc coupled -
osclilloscope utilizing differential in~ -
put, or a 50mV meter movement witha ',
100 division scale. For the latter, a
2mV change in voltage wiil result ina’
. meter deﬂection of four divisions,,

[ s
. 1

1
,.E

CAUTION— .

Care must be exgreised to avoid
ground loops and circulating currents
when using an electronic null detector _

" in which one input terminal il ground-
ed,

5-'.5_' PERFORMANCE TEST
c v v
5-6 The following test can be used as an incom-
ing inspection check Liid appropriate pbrtions of
the test can be repeated either to chetk the oper-
ation ‘of the tnstrument after repairs or for periodic
maimcnancc tet‘.ts. The tests are performed using
a 115Vac, 60Hz, single phase input power source,

If the correct result is mnot obtained for a porticular - - '

check, do not adjust any internal controls, pro-
ceed to troubleshooting (Parngroph 5- -38).

5-7 CONSTANT CURRENT TESTS

5-8 For all output current measurements: the

) - " 9

‘ature rise will.be minimized,

POWER SUPPLY
. UNOER TEST

REFERENCE
VOLTAGE
BCEIURU:

-8 + o C .4 6
204Q ¢
/e \GREREL !

Qi

LOAD

NULL
DETECTOR

. -G +

QPO

PN

lefcrential Voltmcter Substitute

' Ficure 5-1,
) Test Setup i

current sampling resisjdr must be tmuted‘ps o Idur
terminal device. In the manner of a meter shunt,
the load current is fed to the extremes of the wire

Jeading to the resistor while the sampling termi-

nals are located as close as possible to the resist-
ance portion itself {see Figure 5-2}. In addition,
the resistors should be of the precision, low’
nuise, low temperature cocfficient {less than

' 5ppm/©C) type and should be used at no more

than 10% of thelr rated power so that their temper»

1
'

CURRENT SAMPLING

' TERMINALS oo
‘T ©TO
NEGATIVE POSITIVE. .
POWER SUPPLY SAMPLING POWER SUPPLY
TERMINAL RESISTOR ¢ TERMINAL ! ,
LOAD ‘

TERMINALS ) )

Figure 5-2. Current Sampling i}esistor '
P Connections | ’




NOTE )b
‘ RALS
If difficulty is experienced in obtain-
ing adequate sampling resistors, it is
recommended that duplicates of the
sampling resistors (R1, R2, and R3)
used in the unit be obtained from the
f_act'ory. S

5-9 The mon!toring device shculd be connected
across the current sampling resistors as shown in
Figure 5-3. As indicated in this illustration, -
neither cutput terminal of the power supply is
grounded and the measuring device case is con-
nected to the junction of the load and sampling
resistors, This. arrangement prevents ground loop
paths end minimizes shunt current paths. The
‘external range switch must have a high insulation
resistance {100000Mn or greater) to avold signi-
"ficant leakage that would giegradf- the performance
of the- supplv

"4

5-10 RATED OUTPUT AND METIR ACCURAGY

L S !
5-11 Current. To check the output current on all
lhree 1nges, proceed as follows: '

3. Connect test setup shown in Tigure 5-3,
leaving switch 52 open throughout test,

. b, Tum VOLTAGE control fully clockwise,

'+ c,, Set front panel RANGE switch to 100mA '
position, set external test setup ranae ‘switch S1

to high position, connect + terminal of differential

voltmeter to Rg}, and turn on supply, , .

' d. Adjust CURRENT control until front panel ,
ammeter indicotes exactly 100,

e. Differential voltmeter should read 10
'£0,24Vdc,  If it does not, refer to ammeter calibra-
tion procedure in Paragraph 5-55. ' '

£, Ropeat Steps (d) and. (e) with front panel
RANGE switch set to 10mA position, external test
setup range switch 51 set to medium position. and
r‘lfferemial voltmeter connected to Rg2,

{ ‘g, Repeat Steps {d) and (e} with front panel
‘RANGE switch set to 1mh position, external test -
setup range switch 81 set to low position, and -
diffcrent!sapl voItme'ter connected to Rg3.
, ,
~-12 Voltage, To chrrk the oulput voltage, pro—
ceed as Ioliows-

a, Connect test setup shown in, Figure 5-3,
except connect differential voltmeter between
+MLETER and (-} output terminals or between AO and
{~) output terminals {see Figurc 3-7), Leave

. switch S2 open throuyhout test,

b, Get front pance) RANGE switch to 100mA
position and set external test sctup range switch
51 to high position.

c. Turn VOLTAGE control firlly ClOCk\‘u‘ibQ

5-3

‘ LOAD
POWER SUEPLY RESISTORS
UNDER TEST Lo L3
o+ - MED R 2
§ © 0 : |

CUHRENT SAMPLING
RESISTORS

Rgs

RANGE
IMAKE - BEFORE
~BREAX CONTACTS)

DIFFEREATIAL i
VOLTME TER
L +
QR ?
1 —]
HIGH WED UM tow ]
RANGE . |  RANGE. RANGE
MODEL NO - -
Rsy |Rpa [Psz B2 | RFsa [ Fia
e77c | 20 | benfzonfosonf 200n| 9 Bk
,emc | lon [soonfioon] pek | ook | 3ok
RIBEC ODN fe BH | 1K 29K Ny "’lfN
T R,
Figure 5-3, Output Current Test Setup
e " ' ‘
and: tum on supply, : -

d. Adjust CURRENT control until front pnnel
voltmeter indicates exactly 300vidc,

e, :Differentinl voltmeter should read 300
+7.2Vdc, If it doas not, refer to volimeter calibra-
tion procedure in Paragraph 5=57,

. \ '

: 5-—1.'3 l.oad Cffect (Load Regulation)

Definttion: ‘The change Alpyr in
the static value of the dec output
curre 1. resylting from a.change in
load resistance from short circuit
to a value which yields maximum
rated output voltage,

5-14 To check the constant current load regulation

on all three ocutput current ranges, proceed as fol-
lows:

a.

b»

N N

Connect test setup shown in Figure 5-3.
Turn VOLTAGE control fully clockwise.
Sct both range swnches (front panel



Rsah

RANGE switch and external test setup range switch
Sl) to highest current posltion {100mA end "HI",
respectively), connect + terminal of differential:
voltmeter to Rg], and turn on supply, '

d, Adjust current control until front panel

' ammeter reads exactly 100,

. e. Read and record voltage indicated on

'differential voltmeter,

f. Short out load reslstor Rpi by closing
switch 52, ,
. Reading on differential voltmeter shoulii
not vary from reading recordedl in Step {(e) by more

than 300pVde,

h. Repeat Steps {d) through (g) with both
range switches set to middle current range (IOmA

" and "MED") and differential voltmeter connected

to RSZ. R o

’ ’Repeat Steps {d) through {g) with both
range w!tches set to lowest current range {Imh
and "T..O") and diffefential voltmetcr connected to

t
1

5-15 Source Effect {L.ine nngulntion)
Definition: The change AIQUT. in
the static value of dc output eur-
rent resulting from a change in ac
input veltage over the specified’
range from low Iine {104 or 208.

- wolts) to high line 127 or 254

v volts), or from high line to low

llne '

] L .
5-16 To check the constant current line regulation
on all three current ranges, proceed as allowsy
Connect test sctup shown in Figure 5-3;

"In addition, connect variable autotranbformer be~
tween input power source and power supply power

input, . - .
b, Tum VOL’I‘AGB control fully clockwise.
c. Set both ronge switches to highest cur-
rent position, connect differential. voltmeter to

‘Rg1, and turn on supply.

d. Adjust autotransformer for a low'line in-
put, ‘ ‘ c '
e, Adjust CURRENT control until front panel

ammeler réads exactly 100, ¢

f. ‘Read and record voltuge indicated on dif-

-ferential voltmeter,

g. Adjust hutotronsformer for a high line in-
put,

h. Reading on differential voltmeter should
net vary from rc.-ndihg recorded in 'Step (f} by more

‘than 300pVde,

{

i, Repeat Steps (d). through th} wlth both |
range switches set to middle current range and
differential Yoltmeter connected to Rg2..

j. Repeat Steps {d) through (h) with both
range switches set to lowest current range and
differential voltmeter connected to Rg3.-

' )

. . a "
5-17 'PARD {Ripple and Noise) _ |
Definition: The residual ac current
. which is superimposed on the dc
output current of a requlated supply.
' Ripple and noise, s specified and
measured in terms of both its rms
and peak-to-peqk value,

. 5-18 RMS Measurement, To check the rms ripple
' and notse on all three current ranges. pro\.eed as
follows: :

" a, . Connect test setuprshown in Figure 5-3,

, . substituting true rms ac voltmeter for differenttal
wvoltmeter (neither terminal grounded) and connect-
ing positive terminal of supply to ground,

i

. NOTE .

To prevent extraneous 60Hz pickup,
the external range switch (S1) and load
resistors (Ry, and Rg) should be en-
closed in a shielded box, In addition,
. the leads connecting the sampling re- :
sistor to the nc voltmeter: should be
_ twisted or shielded,

b,. Turn VOLTAGE controt fully clockwise,

c. Set both range switches to the highest
current range, connect + side of ac voltmeter to
Rg1. and turn on supply.

d. Adjust CURRENT control until front panel
meter indicates exactly 100,

e, 'AC voltmeter should rcnd less than 2my
'rms}:.. If it does not, refer to Paragraph 5-59,

Ty

switches set to middle current range ond ac. volt-
meter connected to Rgp. '
" . 9. Repeot Steps {d} and {g} with both range
bwigches set to lowest current range-'and ac volt-
meter connected to Rs3. '

5-19 High Frequency Noisé Measuremem, When
measuring high frequency noise, an oscilloscope

of sufficient bandwidth (ZUMHZ or more) must be ',

used. Figure 5-4A shows txe correct method of
measuring the output ripple of o constant current
supply using a single-ended scope, Ground loop
paths are broken by floating the oacilloscopc case’
with 2 3-to-2 adapter.

§5=-20 Either a twisted pair or (préfémb‘ly) a shield-.

ed two-wire cable should be used to connect the
. output terminals of the power supply to the verti-
 cil input terminals of the scope, When using
shielded two-wire, it is essential for the shield to
be connected to ground at one end only to proevent
~ground current from flowing through this shield and

5=-4

LA NI

Repeat Steps (d) and (e) with both range V




inducing a noise signalr in the shielded leads, ' ' RANGE ‘ >
‘ ' L ' v . _ 5WITCH

5=-21 To verify that the oscilloscope is not dis- _ R SUPPLY ' C=—W—
playing ripple induced in the, leads or picked up ‘powsnssEu

from the grounds, the (+) scope lead should be ' : JACE%

shorted to the (-} scope lead at the power supply acc
terminals, The ripple value obtained when the GND J
leads are shorted should be subtmcted from the _ ! :O‘
actual ripple measurement, , ' = . -’:-?-

5-22 In most cases, the single-ended scope

method of Figure'5-4A will eliminate non-real com= . 055','..-};‘532““"‘

ponents of ripple and noise well enough to allow a g AC
satisfactory measurement to be obtained, How- .. TWISTED E I:ﬂgcc
ever, in more stubborn cases or in’ measurement 3 ~ PAIR N ' GND
situaticns where it is essential that both the power ] A _ 5 vEnE‘ !
supply case and the oscilloscope case be connect- ' ‘ ) '@{EF’UT e i
ed to ground {e.g., if both are rack-mounted), it | . l N [

may be necessary to use a differential scope with ] ' ' GROUND PATH
floating input as shown in Figure 5-4B, Two A MEASUREMENT METHOD USING A SINGLE-ENDED SCOPE,

. 3.T0-2 ADAPTER BREAKS GROUND CURRENT LOOP; TWISTED

single conductor shielded cables may be substi- PAIR REDUCES STRAY PICKUP ON SCOPE LEADS

tuted in place of the shielded two-wire cable with

equal success, Because of its common mode re- N ‘ ) -;;ﬁ:gg

lection, a differential oscilloscope displays only - " L ' LO _R"3 ! _

the difference in signal between its two vertical ~ - oMEBZ L B
input terminals, thus ignoring the effects of any - Ac R {

common mode signal produced by the difference in ACCE% ; !

the ac potential between the power supply case 1 ono 3 : .

and scope case, ' Before using a differential input ! ' [ -O04— | [ 144 ( )

scope in this manner, however, It i5 imperative , . : _:%‘ W" = !
that the common mode rejection capability of the ! hd

scope be verified by shorting together its two in- ' | o
put leadg-‘ at the power: supply and observing the : oscut:ggcopc

trace on the CRT, .If this trace is a straight line, . ae
s
E GNL

then the scope is properly ignoring any common . . ' l '
mode siinal present, If this trace is not a straight '
line, then the scope, is not rejecting the ground

signal and must be realigned In accordance with , -_g,,‘:f.'f,,
the manufacturer's lnstructlons until proper com- , ) o+
mon mode rejec:lion is attained. N . ' f:'tf}\sfgt , .
! S , ; .
5-23 To check tho high frequoncy nolsc output on | & SEIER MEH0D vewe BEEERENTIL SCO i TuORIIG
all three ranges, proceed as follows: ' REJECTION OF DIFFERENTHAL INPUF 5COPE IGNORES LIME
a. Tonpect test setup shown in Figure 5-4A T L DE D et FURTHER REDUCES
or 5=41, : : '
b, Set both range swltches . highest cur- : NOTES:
ront range, tum VOLTAGE control fully clockwise, ok Yats, 7 houp pessTons oy o e St rune s
and tum on supply, , ‘ LOW INDUCTANCE RESISTORS SHOULD BE USED.
~.c. hAdjust CURRENT control until front panei - ‘
ammeter indicates exactly 100, .
" d. Noise rending on oscilloscope bhoulci be ‘ ' B
less than 50mV p-p. o Figure 5~4, High Frequency Ripple and Noisn '
. e, Repeat Steps (b} and (¢) with both mnge o - Test Setup : "
switcties set to middle current range, Nolse rend- '
ing should be‘less than 50mV p-p. ' . '
'f. Repeat Steps (b) and (Cs with both range 5-24 l.oad Transient Recovery Time
switches set to lowest current range, Noise read- | Definitién: The time "X" for output
ing should be less than 40mV p-p. : :currént recovery to within "Y"



milliamps of the nominal outputcur-
+ ¢ rent following n "2" amp:stepchange -
. 'in load voltage, where: '
»Y* is generally of the same order as
the load requlation specification:
the nominal output current is deflned‘\
+  as the dc.level halfway between the
static output current before ‘and after
. the tmposed-load change: and "“2" is’
the specified load voltage change,’ :
- normally egual to the full load volt- ;
age rating of the supply. Do
'5~25 Transient recovery time may be mealered at
any input line voltage combined with any output
voltage and load current within rating.
5-26 Reasonable care must be taken in switching '
the, load réststance on and off, A hand—operuted
switch in series with the load is not adequatc. '
since the resulting one-shot displays are difficualt’
to observe on most oscilloscopes, and the arc
energy occurring during the switching action com-
. pletely masks the display with a noise burst,
Transistor load switching devices are'expensive it
reasonably rapid load current changes are to be
‘ achie\red : -

-

POWER SUPPLY
UNDER TEST :
L= G
"5 0

CSCILLOSCOPE

(P-G-

4 -G

73 !"

Rur j RESISTANCE
1 P [ropEL no [ tOHMD)
CONTALT PROTECTION oy | For
NET WORK
LO01uF 430N, 5W BITTC 2 9B
00V wREWDUND gsrc .| o |ave
o i
r'—'-“r—""'—'—l 61B6C oo |2sco
b 0 ; I nores: i ,
A ,L l | THIS DRAWING 5HOMS A
| LINE ) SURGESTED METHOD OF
BWITCH 1N3zst2) | - BUILDING ALOAD SWITCH.
HOWE VER,OTHER METHODS .
| coutp et USED,SUCH A5
25K l A TRANSISTOR SWITCHING
2w g | |MOTE? NETWORK MAXIMUM LOAD
W | RATINGS OF LDAD SWITCH
- l ARE! BAMPS, 500V, 20w
nsvac | {NDT 2500W)
REPETITIVE, " N
E0Hy LOAD SWITCH INOTE 1) 2. USE MERCURY RELAY,

CILARE TYPE HGP 1002
CR WE TYPE 276F

Load Transient Recovery Time,

Figure 5-5.
' Test Setup

i o ' i

5-27 A ni'ercury-"}metted relay, connected inthe
load switching circult of Figure 5-5, should he
used for loading and unloading the supply, When

" this load switch is connected to a 60Hz ac input,

5~b

-display is obtained on oscilloscope,

the mercury-wetted relay will open and close 60
times per second. ‘Adjustment of the 25K control.
pemits adjustment of the duty cycle of the load
cumrent switching and reduction in jiuer of the os-
cillo scope display.
5-28 To check the load transient recovery time of
the supply. proceed as follows:

'a, Connect test setup shown in Figure 5-=5,

‘b, Turn VOLTAGE control fully clockwise.

c. Set front panel RANGE switch to IODmA
position and turn on supply.

d. Adjust CURRENT control until front pnnel

. ommeter indicates exactly 100mA,

e, Close line switch on repetitive load

© switch setup,

f, Adjust 25K potentiometer until stable
Recovery
waveform should be within tolerances shown in
Figure 5-6, ‘Output should réturn to within &IDDmV

©oof pominzl value in less than ) mtlisecond,

Your J
, UNLOADING
“TRANSIENT
HOMINAL FINE —o
,DUTPUT ~ 2
CURRENT { .
o ; LOADING 7 )
| , TRANSIENT t
) ). I .
B 3MS -w
)
‘ Tout
! )
H
| ‘3‘:” IMSEC ~fom e
' ' NOMINAL
ouTPUT
CURPENT
J
NOMINAL . ';"
OUTPUT ' .
CURRENT L
| L4 "
ImSEC —fo—u - uf TIIM[-—l- : )
UNLOADING LDADING
© TRANSIENT TRANSIENT

1

Piguré 5-—6.: Lecad Transient Recovery Time,

Wav:. forms

i
'
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5-29 Programming Speed

Definition: .The time (1secs) required
for the output current to change from
zero amps to within "X” milliamps of

]




the maximum rated output, or t’rt:'frni .
maximum rated output to within "X" ‘ :

' millamps of zero, "X" is generally ‘ . P . ' " [roioscere
of the same order as the load regula~ ' POWE F SUPFLY ‘ b
tion specification. C . UNDER JEST p f>‘ﬁ‘)

gramming speed, proceed as follows:" &

;

5-30 To check the consmnt current remote pro- ! no_n%: s
o . CETEN A P

a, Connect test setup shown in Figure 5-7.
" b, ‘Turn VOLTAGE control fully clockwise,

c, Set RANGE switch to 100mA position and sp— R T

turn on supply. T NETWORK ei7Te | en ‘
. ! OOWF '

d, Adjust CURRENT control until front panel 1 S88% . S snvaw ?n!:;l:c I::Onn .
meter indicates exoctly 100mA, ‘ : { 7 —1 , ="

e, Close line switch on mercury wetted S | "';_ ) .
relay and observe waveform on oscilloscope, Rise’ El —"—OTL Vores
time indicates up-programming speed and fall’ ! LINE ' : | | GSCLLLOSCOTE SncuL D BE

€ CCUPL !

time indicates down-programming speed, fswiver uazntzy
' f,  Programming specd should be within tol- .
erances of Figure 5-8, Output should rige from ;o NOIE 2
zero to 207 volts within 10 milliseconds, TFall time ‘
{down programming) should be almost identical to ‘ )

rise time shown in Flgure'S-'B éxcebt‘for inversion, T

| 2 MEFCURY BELATICLESE

| TYFE hekicOZ CF WE. 2768)
CAN BE USED t0 FROGRAN

| THE supPLy & TRENSISTOR

[ swiTCHING METWCRK CAN
ALSO BE USED, PARTILULARLY

| 4 €omr LEAYAGE WARES

|

|

WAVEFORW DIFFHULT ID
LBSERVE.

REPET)TIVE

) . LOAD SWITCH INDIE 1}

5-31 Diift (Stobility) L N

Definition: The change in output cur- ' L. : : ;
“rent.for the first 8 hours following a v ’ _ . ‘
one hout warm-up period, During the _ Figure 5-7. Programming Speed, Test Setup

' tnterval of measurement all parameters Co :
such as load resistance, output set- R R

ting, ambient temperature, and input

1 i o
line voltage are held constant, '1 - o .
DO = = e e = 4
5-32 The stability of the supply in constant cur- : f S
rent operation must be measured while holding the S B
temperature of the power supply and the external ; I o '
current sampling resistor (Rg) es cionstant as pos- T . oo ! '
stble, A thermometer should be placed near the ! B
supply to verify that the ambient temperature re~ ! ) ,
matins constont during the measurement period, E : :, '
The supply should be put in a location immune ' PSS G SN S H
from stray air currents; if possible, the supply' © 1 2 345 67 8 8 0
should be placed in an oven which is held at o : o TIMENS) e
constant lemperature, Care must be taken that : !
the measuring instrument has a stability over the ‘ . Ty, v
eight hour Interval.which is at least an order of ! Figure 5-8, Up-Programming Speed Wavelorm
magnitude better than the stability specification : .
of the power supply being measured, The supply ' _
will drift consiaernbly less over the eight hour ‘ o ;
measurement interval than during the hour warm-up, d. Allow one hour warm-up, adjust CURRENT
S ‘ : control to obtain front pancl ammeter reading of ex-
5-33 To check the output stability on all three actly 100, and then record differential voltmeter
ranges, proceed os follows: reading, :
'a, Connect test setup shown in Figure 5-3, .e, Qver B hoyrs, differentin} voltmeter
Strip chart recorder con be substituted for differ- reading_should not vary by more than 1,25mV,
ential volimeter to obtainipermanent record,, . f.  Repeat Steps (d) and (e) with both range
b, Turm VOLTAGE comiro! fully cloc}.wise. switches set to middle current position nnd differ-
. ¢, Set front panel RANGE switch and ex- ential voltmeter connected to Rgp. -
ternal test setup range switch 51 to highest cur~ | g. Repeat Steps (d) and {e) with both range
rent position, connect + lead of differential volt- switches set to lowest current positfon and differ-

meter to Rg}, -and turn on supply, » ential voltmeter connected to Rg3.




5-34 Temperature Coefficient.

5

i

Definition: The change fn output cur-
rent per degree Centigrade change in
the ambient temporature under condi~
tions of constant input ac line volt- ',
“ age, output current'setting, and load
“resistance, : '
1 .
5-35 The temperoture coefficient of the supply is
measured by placing the supply in an oven ond
varying it over any temperature span ‘within the

- operatihg range of 0 to 55°C, The external test

setup current sampling rcsistqr*.s (Rs1, Rsz, and
Rs3) should not be placed in the oven, but instead
must be held at a constant temperature white this
mensurement is made. : g

5-36 The differentiol voltmetu guseu to measure
the output current change of tie supply should be
placed outside the oven ond shoulp hove o long
térm stobility adequate to insure that its drift will
not affect the ovnrall measurement accuracy.
5-37 To check the temperpture coefficient on’ all
three: current ronges, procecd as follows:

8. Connect test setup shown in Figure 5-3,
Strip:;chart recorder can be substituted for di[ft.ren-'

 tial volbneter to obtain permahent record,

b, ‘Furn VOLTAGE control fully clockwise.‘

c. Set front panel RANGE switch and exter-
nzl test setup ronge switth 51 to highest current
position, connect + Jead of differential voltmetvr -

‘ to Rg1, and turn on supply,’

d. Adjust'CURRENT control to obtain Pont

, panel ammeter reoding of exnctly 100,

e. Insert supply into temperature-controlled
oven {voltmeter brd Ioad resistors remain outside
oven). Set temporotore to 300C and nllow one hour
warm-—up. _

‘Record :iiifcmntial voltmeter indication,
' g. Roise oven temperature to’ 400C and nllow
one hour warm-up, d

h. Reading on differentiol voltmeter should
not vary from reading recorded in Step {f) by more '
than 8mv. f '

. - 1. Repeat Steps () through (h) with both
range switches set to middle current position und
differentinl voltmeter' connected to Ry2,

Repeat Steps {d) through '{h) with both
renge switches' ket to lowest curent position ond
differentiol voltmeter connected to Rg3.

5-38 TROUBLESHOOTING

5-39 Before attempting to tr'oub]eshool this instru-
ment, insure that the fault i5 with the instrument
and not with an associated circust, The perform-
Dave test {Faragraph 5-5) enab,es this to be deter~

4

r'plned withogt removing the instrument's covers.

Kl 1 1

5-40 M good vnderstanding of the principles of
operotion'is essentinl for effective troubleshooting;
it'is recommended that the reader study nt least
Paragraphs ' 4-1 through 4-28 of Section IV, if not

" the entire section. Once the principles of operstion’
ore understood, refer to the overal} troubleshooting
procedures in Paragraph 5-43 to Jocate 'the symp -

i tom and its probable cause. ] ,

"3
5-41 The schembtic diagram ot the rear of the
4+ manual (Figure 7-4) containk normal voltage read-
ings taken at various points within the instrument;
Note 12 on the Schamatic gives the measurement
conditions, 'rhcse voltagns {in italicsi ore posi-
tioned adjacent to the applicable test points {iden-
tified by encircled numbers). 'The cohponent Jocar
tion diagrems (Figure 7-1 through:7-3) st the rear
, of the manual should be gonsulted to dcmrmine the
. location of componcnts and test points. :

' ! i 1
! 5-12 if o defective component is locoted, reploce
it ond re-conduct the performance test, When o
component s replaccd refer to the Repair and Re-

placement (Paragraph 5- ~47) and Adjustment and
Calibration [Paragraph '5-51) sections of this man-
woal.. ‘ . ! a0

1

!
[

: . !
5=43 DVI‘.RAI.I. TROUBI.ESHDDTING PROCEDURE,
‘5-44 .To locate the cause of trouble. follow btcps

«{1), (2), and {3) in sequence:

{1} Check for obvious troubles such ag open
fuse, defective power cord, input power failure,
115/230V switch $n wrong position, incorrect strap-
ping pattern (refer to Pigure 3-2), or defeclive
meter {check output current with external ammeter) q'
Next, remove top and bottom covers {2 retaining
screws coch) and inspect for open conncctions.‘ .
charred components, ete, )i the trouble source
cannot be detocted by visunl inSpcction. proceed
to Btep {2). ti

12} Disconnect load, and connect shorl cir-—
cuit across output tenminals of supply. Shorting .
the output terminals s on extremely important stcp,
feilure to short the output terminals moy result in r
the destruction of the shunt regulator transistors,

(3) Exomine Toble 5-2 for your symptom and"
Its proboble cause. The symptoms listed in Toble

« 5-2 are of two kinds, the first of which is symp~
Jmms due to ensily-corrected trouble sovrces such
‘as n single defective component or an incorrect
internol adjustment, Yor these symptoms, direct
troubleshooting procedures ore yiven in the table.
The second kind of symptom includes primm’ihr '
those resulting from fallure of a feedback Ieop; For
these symptoms, the table refers the reader .0 one
or more of Tables 5~3 through 5-7.

e ——————a | e .




4-63 Zener diodes VR16 and VR17 provide a bias - over 400 volts as the voltage lmit setting is'var-.
4. voltage that allows the cutput of the supply tobe ~ ' ledh Thus the total output current of the program-
) set completely to zero, Without these diodes, the ~ ming current source is variable and depends on the

A ]

) , :
' 5-45 Table 5-3 presents a sequenced ;aolationéhd : : ' ., NOTE ‘
initia} troubleshooting procedure for the: series reg- . o :
ulator, programming/gubrd supply, end constant While tropbleshooting this instrument, kecp ‘
current comp3rotor. This teble is rf.-ferencén in % in mind that the front panel milliammeter does
Table 5-2. A various points in Teble 5-3; instruc- not indicate output current directly, but in--
tions direct the reader to uic of Tobles 5-4, 5-5, stead provides o reading prdportional to the !
: or 5-6, depending upon the results of tests in : output voltage of the programming/guard sun-
g Table 5<3. After completiny the procedures in _ply.  Ordinarily this voltage is proportional
Tables 5-4, 5-5, or 5-6, the reader ir directed to to the output current but this cannot be de-
re-enter Table: 5-3 at the former exit point. This is pended on Af the instrument is in need of re-
. suggested becouse following the procedutes in ‘ pair. 1f the front panel millinmmeter responds
_ Table 5-3 through to the end of the table (Step 10} . appropriately when the current control is ad-
e even after locating and replacing b defective com- - {usted, the programming/guard supply is func-
! ponent provides o rapid and effective method of . tioning. Use an external miDiammeter in eries
! testing all the eircuits in the instryments, - with the outp\tt to mortior the output current .

! - : © gdhieer!v whije troubleshooting to avoid mis-
' . ‘ interpreting trouble symptoms. . '
J . W ) , ) ) ' . f

5-46 In Some spouial clrcumstances it may be de~ ‘ v

| sioble iu yo directly to Tobles 5-4, 5-5, or 5-6 o ! i CAUTION— - v .
without first going throughb ot least a portion of . ' : . ‘
Table 5-3. Instructions at the beginning of cach,of The RANGE :switch must be kept on the '
. the three tables provide for this possibility. Table 100m) position at all times while'tron- )
5-7 {voltage LIMIT light troubleshooting) is refer- bleshooting this instrument. Switching . ‘
enced in Table 5-2 only; however, instryctions ore ‘to b lower range may couse the de-
provided at the beginning of, Table 5-7 relating it struction of current samplinu resistors

3 : \ y ,

to Toble 5-3, ! , - R2orR3. N

Tableé 5-2.  Overal)l Troubleshooting

SYMPTOM " PROBABLE CAUSE
- f‘ !

. - . -
Blows fuses, ' ‘ o : A CAUTION: ' , ;
: ) : Do not opérate the supply without o short '
' , . ) ' ‘ across the output terminals, I a shorted
: : , series regulator is«dthe trouble source, op-
ereting the supply without a short across
the output terminals will result inthe de- .
struction of transistors O35 ond/or 036, ° te

,}' F Co a, bhoneé:! series regulator, C:heck' Q24, 25, 26, R g
27,28, 29, nnd VR2. . 1
' . ' b bhorted series Yegulator and bhorled voltagellmlt .
transistors. See {o} obove., and check O35and
Q36. - Also check VRI9 and isolntion diode CR22. '

. ‘ ' ¢. Short on prinl‘ed circult board, Check for loose
’ . ) ,picces of wire, etc. . .

' ' d. Fxternal current path between common U\B) ol _
' * pegative output terminal. Check stropping put- 1. !
' tern and instrumentation connectlions,

o . ; C e, Defective rcctitier diodes in main bupply and/or
‘ ‘ ' reference sopply. Check CR32Z, 33, 35-38, '

Output current locked up, or nul contro]labl: ' a;-(’b‘erles'regulator, program}r:ing/guard supply, or '
throughout entire range. : 1, constont current comparator defective., Refer lo
! . Table 5-3, " -

| .
Ity s Lo LS ey ot hm g w i — ¢




5 .. Table 5-2, Overall Troubleshooting {Gontinued).

SYMPTOM

PROBABLE CAUSE _

' Measured ,output current Tero, LlMI’T light on u Voltage limit circuit defective, Refer to Table
continuouﬂy. . , : _ ' 5~ 5 ' _ ,
Measured'outputeurrent zero, LIMIT light not a. Series regulotor. programming/yuard Supply. or'
on. ' L constont current comparator defective. Refer to:

' . Table 5-3. o - :
l : f b. Voltnge limit circuit defectlve and 1imit light cir-
. cuit_defectiue, Refer to Tables 5- "5-3 and 5-7.
Voltage limit falls to operaie (VOLTAGE control | a. Voltoge limit circyjt defective. Refer to Teble
hes no effect); LIMIT light not on, ‘1 5=5, ,

‘Voltage limit will not go to zero, o. Zeper diodes VR16, VR17, or VRB shorted:

LIMIT light not functioning ot all though volt- a. Voltage limit light circuijt de[_eéhve. Refer to
age limit bperation ond supply output current Table 5-7. ' LI ‘
are normnl. ! , ) : !

| LIM!’I‘ light will not opernte ol Ibw output cur- a. Isolation diode GR22 shorted.
rent levels. : ,- . ‘ ’ S
Poor load regulation,: 1 8. lmproper measurement technique. Reler to I‘am—

v ' . graph 5-13,
' b, Differential amplmers Ql or OF7 defecliue.
E ' c. Pefecl in’referem_e supply. Refer to Table
1! Y S ! ‘
L . d. Dirt on printed circuit board,
. Interna) or, external current lenknge path between

terminal Al and negative output terminal, ,
verify that this is the trouble, connect a DVM
between terminefs AD and A3. Set the GURRENT
control for 10Mad) 6nd open~circuit the output
terminals. vory the VOLTAGE control; if the DVM
reading varies, the programming/guard amplifier
is eliminoted as o possible source of trouble,

:

. Internal or external current leakage path between

posttive and negative output terminals.

Poor line regulation,

Impropor measurement technique. Refer to Paro-
graph 5-15, v

Defect Inreference supply. Refer to Table 5=,

" High ripple. t

'

d.

c.

Improper measurement technique. Refer to Para-

" graph 5-17.

Ground loops In operating setup, .

Ripple Adjust control R119 set incoi‘qectly. Refer
to Pa’ragrapn 5-59,

Dif[erentiul"amplilier Q1 defective.
Leoky filter capacitors C30 and/or C31.

1

-+
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b. Connect ammeter {or short circuit Py
with clip~on probe, or 100, 10W r ‘
resistor and volimeter) across :
youtput terminals, s
¢. Remove 21 from socket, C
. d, Connect a 5K, pot across CRIB
as shown in sketch at right, Set !
the ‘pot for minimum resistonce. :
e. Short Q22 collector to emitter.” | '

]
1

¢ v

v
1 i H

2 Increase the resistance of the Ska pot a. Output current | 0. Series regulator is dofecl-"
" Jgradually while observing the external {as indicated. | ive. Check Q26, 27,
_|pmmeter. (If the meter does not respond, on external’:’ VRZ, 024, 25, Q2. I\fler
1 fturn the pot back to zero lesfstance, ) ammeter) does | establishing proper opera-
. ‘ not change. tion of series regulator )
A : R ‘ : - |Response b), proceed to
CAUTION e ; Step 3.

b, Output corrent b, Series rngullatbr is opern~

-

Do not allow the output current

(as indicated tive, Proceed to Step 3.
to exceed 100mA. »on external: o : ,
ammeter) var-' C }
Ies from zero
a to approxi-

maotely 100mh.

i

3 Sct'the resistance of the 5K. pot for o a. Output current 8. Q22 defective. Replace
" lreading on the external ammeter of about {ps indicated | . ©22 and proceed to Step 4.
50mh, _.?then remove short across Q22. " on external : o L
N | ammeter)drops ' ' 4
: to zero, ' : _
- 8 ' - b. Output curfcnt " b, Q22 operative. Proceed to
' g essentinlly Step 4.
' unchonged. '

5-11 SR : SN

. o ¥ R
Table 5-2, Querall Troubleshooting fContinuc‘:d\ . } Y "1
o : o R "|'. " I_i' .‘1.
SYmMpPTOM | ‘ PROBABLE CAUSE ' b It
i n ;o .‘ .; . ‘ IJIJ \ [
Oscillation. . ) . l  |' a. Operational amplifiers 21 or 22 defectjve. ‘;’J ny o
'Instobility, © _ | \ a. Differential amplilicrs Q) or Q7 defectjve. ' | "‘:._'
‘ TVRERE X S
' 1 3 X ' 'sij‘J! L v b l'!. . N o
v ] ' i ‘ N h ‘-il -:‘I‘()_ -:' .
'I‘able 5 3. Series Requlator, I’rogramming/Guard bupply. anf Constant t’:prrentf . a4
_ Comparalor Isolation and Initial Troubleshooling KEET ) ;‘:- Lo l SR
! Aot K Moo
Yoo ‘ , ' x . \ . ],
. . i 1l N |
STEP ACTIC o RESPONSE , hr{no‘nom 50» il
- dld ) f
1, Isolate series regulotor es tollows: ‘ ; a
2. Set RANGE switch to 100mA, and .
VOLTAGE 'control fully clockwise, L L . !




.‘“ ,'l’.-‘\l'_' Ty \I‘ ! E :!, N ;
! Lt N “ . V.
. 1] . v . . .
Y ! ‘\ )':" ' L
SR Table 5-3 Series Regulator, Frogrammihy/Guerd Supply, and Constant Current &
wadt Gomparator Isclation and lnitial [.roubieshooting (Continued) N
B I 1 §
, SSTEP |0 0 ACTION . ! . RESPONSBg ' REAGTION
) I X 7 ‘ ) i [ : .
> 4. (‘hecL all reference voltages listed 2. One or more " a. 'Troubleshoot reference
. J in Table 5~ 4. ‘ . reference uolt- circuit as directed in
,';-,rj ! \." !a. ; - dges zero pr Table 5-4 under particular .
N Y Py \;.;, o \ i much highffr reference voltage. After
vy S than corréat . ' establishing proper refer-
L ; Lo , valus;.‘u ) “ence voltages, proceed to
' ) | i'. o B | ') ) , vt ' : Step 5 v .
b '.:'- ; g - . 1 b. One or more, , b, Slightly low voltages are . .
0 o - P, 5 - ' referehcevolt- | . usually caused by loading
i . ' y o ' ages slightly + due to & defect in o circuit
. N ' ‘ o L lowe )other than the reference
» . ) v P LY AP ; ' supply. Proceed to Step 5.
. i . v b " ||"5 ST HY-R (\ll"rc‘ft);reni:e | c. Proceed ‘o Step 5.
’if‘* o " ! O T " . rect wilthln { L e
S S N O R , given toler=1 ./ SRR
g [ [ ey o fhgopmeese L Pl ' :
v f,‘i ‘_“‘l {i{‘;‘§[, To gheck voltage limxt clrcuit, leave . Vpktage [Bt test " |,'d. Voltage limit circuit is de- .
;:.;_5‘. _I"fl.!.tl sup;‘)l-, 'mnnectedw\s in previous step i point 2] dbe)s "+ . fective. Perform trouble-
L Jf i-;‘ ‘.I)'t "Bnd cormépt cxtef‘nuﬁl voltméter br.--" H* _ not change.l., shootlng procedures given
r,:-.;;({l,;‘ '5!’ n tween test point 21-lond negptive out- b I (r‘;. ; in Table 5-5, Affer estab-
i\,ffi;-!;;q‘t'}] : -1.!,5}.;{«'!(. put Wrminal. Vur\,;,,VDl'I‘AGl"control. i o [ \lishing proper operation
e '!"if,u‘-{!' (if des'frad the vBltage limitséireuit "2 m\i 3 ' n(Responsb' p), proceed to, X
r“li;ff?‘» ik ~}.§‘,‘“g‘} ¢an be cﬁmp]etelyn rPluted by Hftin-j' ‘ ‘ it ) Stf;p b. ?‘w}'
:i_y.‘.i,,-;f')fu Mﬁ'\u the fﬁfh"de of (‘R?”" \,‘; 5 ], + b Vt‘itl}age at téstul b \(ultnge Iimit, circuit is op-
J-‘-'(MI@‘\"'FI‘:-.I S I'J.,,'"g".‘-”, " : uf,‘_,i" l, Jg;'." _ p&int 21 rarles 17 er?tiue. Proceed to Siep 6.
L 1 NI LR P femzerdio WL
:;!“!‘,{ , .‘,;"':‘ x‘:{;,’g'e‘;" ,-;'f.)"; .;{11"1 ' ' 'approxlmhtely X dl\i SRR
= q;,)i;l sl | Heb & ';-‘;,1.":‘ [fu';_""" 335Vdm ,"" : E} " | 'ft"!‘u | L *‘:':,
" [ 6‘” lsolu\tp.n:pgramming/‘qubrd supn)}uiby KL w . b r——~-’$:’.f',.‘f i
) ),\'.‘.: llfting'nne end’ eag ﬂf jumper J t)nd ‘r{" ,i;i‘.?"" ,;"r‘i' G ,'?" f’,fl‘l,"" ,'u'l :
; Y| diode c:n43 ) i ”f":’ Sl "\}.« IJ { ,-j_., ' j i,?
. —r ,J Tt - 3 2l + ‘l- 1
7, <Check Operation oE ;.,roqrbnimi.r;g/gxiard i a. \‘hélmge lm}l- f.p Progra,n‘nmingggu:srd st'pply
s 'supply by connecting Lxlernal \.'oft‘-‘ * ‘tated.on eﬂ:'er- s defective. ,grfprm tt‘ml-
' meter between terminol AD {¥) nnd,,,r, o A nm’voltneteh bleslup‘;?ting prmf.edul'esr. i
: terminal A3 (). Vory front panel . does not ML iﬂveh’ in ‘rahfb DYy, Mte‘:‘ !
i y 7|, CURRENT control. . choenge. ; establishlngfproper opern =’
. : ) L L, A 3;" ey ,Itilpn mespon p b), prpp?éd
. { ‘,'I\'i . l,‘;,‘:ﬁ l.; ’tO Step 8. li/}'hi,l - ! .
J E b. Voltage in:h-—;-" ”‘nrjrammmfj’/guard suk ﬁlyw |
L ‘cate 1 on exter- "15 operative,; Procecd’ tb‘ y
1 ; nal voltmeter’ Step 8.yl //a‘.”.' ‘
o . i vari+ s from S mh
- approximately : ’
, ' +0.7 to ~10,5V : "
. . de. (Front . i
’ . panel ammeter S
; . should follow
) external volt-' E .
. ‘ v " meter,) . , N
. " Y
5-12. '




Table 5-3, Series chulator, Progrumming/Guard Supply, and Constant uurrent /

I

1

.ot
4y !‘ Lt

uprs

I

I
a

:
’ 1

o The mpasurements in thls table are ue.,mnt'd to be periormed after Steps []) thmugh

{3) of Table 5-3 {veriflcation pi operation of the serles regulator) Have been perform-
ed. if the instrument is operating cotrectly, the correct results will be achigved, for

" these mensurements regardiess of the performance or non- performance of these th'rer.-
fteps. However, if the ‘Instrument is'not functioning correctty, correct: mcabure-
ment results connot be guaranteed unleqs these three steps are performed, b!nce a
defectlvé series regulator wilh usually atfect one or more of the reference voltages e

1 l
.

g CompaYator Isulation and hitial Trot}bleshooung (Continuad) v
o R i :
[ Lo ' j‘".,‘ . f B
‘STEP ACTION Rr.sporlsn,,‘ ) s »\.R['J\CTI,ON, e
S S PlugI Z1 {originally lrl constant current 0. \loltége int‘.:i'—l 4. Zl ls defective. Install
. .'|' comporator) inib Z2 socket, and re- . coted onexter- | " ndw 21 in' r,onstant current.
¢+ | perform Step 7. . .. nal voltmeter ) "comparator. and re-—install
L e » doe§not v 22 in 1rogramming/guartl
. Pt ghonge, . supp!, . Proceed to Step ?l
" b. Yoltage indi- ; | b. Z1'is operative! .Return Zl i}
; coted on exter © 1o lts orlgi.:al‘c:acket {in' 'j
' , nal_,vol;meter .constant curré{nt comparar
' ' vories from ! - tor") and re-—inbtall Z2 ir
1 approximately programming/guard r'upply. :
e " ‘ +0.7 to =10,5V, Pry'ceed to Step 9, .ty
g} . , ﬂC ‘ ! R Ia ) ‘
9 | Test constant, current comparator os a. Oatput' current a. Di fect h constant current
} follows: .[as indicated comparalor circult, Pro-
B 8. Recopnect jumper n ﬁpd diode "y on exterpal ceed to Step 10. v
! " CR43. ., ‘gmmeter) does . RV I
.HIJ' b, Remove the Sim pot connccted across sy not change. Vo ' f\ v a
CRIB. | | . R U TR
. b. Output current b, Gcnstanr current comp.am-
€. Attempt to controk ‘output current [as indicated | tor ;_, opumtlwz. supply
with front: panel CURREN' control, - op external am~, “should be: fUn(’;noqing pro-
A meter) varies i ,per!y.. Verlfy proper oper-
' ' . oven lel!range. htlnn Df guppLy‘
\ 10 I1solute trouble in constant current . B. Output current »laa' Chﬂqk for dr’-fcctlvujl.")
"y comoardtor to either drivur ampliﬂers does not'+" .- U‘.“ “3, 'or 4. - Aftar replaces
02-Q3 o input’ \.omparator Q! es : clrar}gg. B ; mcnt. supply should' o
‘ follcfrwaz Co ‘ ' i ' ‘function normally, . Vur-— L
: 'n. If output current is locked up,f _ , ' ity 'proper opnrntlon of . P
short QIA collt.g:tor to emitter, L . supply,‘ . Wi i
b. If output current is locked down, b Uutpu‘t current o N ;
short QI.B collector to emitter. decreabus if ‘ b.,‘Defect in Q; or 4, stage,
: i " . f”: locked up, or | After replncement, ,supply
: ‘ ., ‘ ‘increages if should functibn normnlly
1 ' ] ."Iocked down, © ‘jerily proper opumtion o} '
I} + ' ' ‘. ) :’upp]y‘ ) " )
\ ‘ ! v ; . ' ' ) i o , ,
o o T N Dy
Table 5-4. " Reference ond Blas Voltages. (Refer to Schematic and Figure 7-3 for test point locations. ) '
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! H. ‘ I

Toble 5-4. .
B

Y |

Reference and Bios Voltages (Gontinued) .

" METER | METIR * [ NORMAL ! NORMAL RIPPLE | CHECK IF PROPER INDIGATION
STIP |, commoNn | 'posiTive VDG (P-P) 1S NOT OBTAINED
a o oA ] +29.0 4 25% 2.0V CR3S, 36, 37, 38
2 A3 " 58 bu.2 & 5% 2.0my VR4 ‘l“
3 A3 57 +12.4 4 5% C2.0mv .| QI11, 12, 14, 15, 16"
4 ) T consesxy |7 2.omv VR?
[ ! R G ) . ] I " ‘ ~ .
S|y A3 10 ~15,0 3:5%_, n i 2.0mv ynd, 5. NbTR: I the =15V
- 1,‘ N , ‘ v . C reference voltage is much
) . . ' more negotive than normal
' , {VR3 and/or VRS open), also
, i check Q1, Q7, Z1, and 22 for
N ' o : ‘possihle damage due to over-~
S Vo ' voltoge / \
6 o 13 anzeex | 2omv | wRiz 13 '
7 NSl ey 1D sy ¢ 2.0v 037, 38, 39
r ‘i A N : . o J g )
C Table 5 5. Uoltogc Lirmt Circuit Troubloshooting ' .
Jl'."“ ' : . 1 . a L . .
e o o w0
o Y P . v B
": The procedures in this tablo are tieslgned to be performed a[ter Steps (1) through: ,/'
;" " (5) of Table 5-3 have been pert'ormed If.it is necr ssary. to independently perform o /.
., the procedures’ given in this table; fifst connpct a short circuit across the output / .
‘ terminals of the = upply, and then perform Stop {5) of Table 5-3. e
. o . ';’ ; : //f
STEP i “acmon vt |+ RESPONSE "PROBABLE CAUSL
t o FART b, vom‘mr: LIMIT LOCKTD.UP (LIMIT LIGHT OFT). ‘
'1 Attempt to turn on shunt’ regulator . Voltonc at test point’i “;‘. Check OBS and Q36 for
i ' tronsistors R35-036 by shorting 21 {measured from open; also ek ok CR31 oL
32 collector to cmigter. ' TP.‘[) does not ehange,, fox open, o e
. , s ! b. Vo tage ot test point | b, Proceed to, Step 2
L T . 2] dccreases. : EAR
2 gttompt‘to turn o~ orror omplmo o. Voltage at test point /‘fo'.".;":(ﬂ'ﬁcck (32 for open
: 2 by shorting 034 collector to' ' 21 doos not chanqe. i’ S
| emitter. b.rVoltage attest polnt b. Check (34 for open, Qu3
' 21, detwosos. ‘ ' for short, R75 for open,.
: Sl ' Q30-Q31 for open, of
, g | . A missing strop between
' ' B 3 \ ‘terminals A5 and AG.
'!{,_' ; 1 1 .
; , ;! l
I 5
o N : :
} c ' ‘ .
5~14 , '
J ! ' ‘ ' ' ’ . K .‘
' “ Il i n ' N
] ' . | } ' i
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B Table 56

RN ‘. ol
Programming/Guard Supply Troubleshooting !

i
e

“;I ' .‘.." ]:“.CT]C)N ” .

. izn'sr'ow'sn:, v

. ’ ' ! -l
;i PROBABLL CAUSE. -

l

’4'| t.‘ “l. ’\|;. . ”,
bhecL output regulptor trunsi*tqrs OB
anti Q9 ps'ibllows: "\ :
o Donnect ewtcrnal \mltmeter

‘tween tcr,mlnals I\l) (H and AS {- )

be- ‘

—CAUTIDH

' ' The pmred res in 'hib table should only be performed after at least Stups {l) {4\

-‘I,‘ T and (B) of Table: 5 3 have. been performcd'

"

extcrnal voltmcter
does not; t:hange. .

'a._Voltage lndicatcd Dq '

a. QB or Oﬂi'défe_t‘:ti_\tc.""

' o . B )

b, Qtt:and QB operative. '

e .b Voltage indicated on .
! b Rémove 22 from SOC)"E" SR ' external voltmeter v Proceed to Step 2,
X c. Gonnect onc end of o 10kn pot, to varics from pproxi- ERE
' ' test point 19 (= ‘15V), "the, other " motely 10,7 to =12V,
end to tcrm:nul ‘A3, and lhc wiper N T
N to,pin, 6 of 22 soc}.et. o Y R . T -
L 3 ', d. Vory pbt over I'ull ronge ‘ ' - L
2. Re install !2,, ond” rcmove 10ka pot n Voltage indicated on .| 8. Z2 or D5 defective.
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"\‘ a :‘fc;g:;‘agc gg;rt(g;r;\ai:;‘i::g;:e:o?b b Voltnge goes from v", 'b.,- Cheek tor'(!(.\fnctiwr _
3 VL “emittor P ‘ ‘;‘ négat'iyc valu_e‘ 05,07, open RIS, or
P towards ZCro, . - missing strop be-

' h Ii voltaye on mctr:rnal voltmeter is R -
[ L N tween terminals Al
by ' approximately Zero, - shorl Q'IB X EEAE R ond A2
N cu!lek:tor to emittor. o " ' AU . it _

SR Lo : , N N &, Voltagc goes from - c.. Cheok for defective
b N \ '. SN . ' ZEro towards negative L0507, o shortmi
L g e o vetes ‘RY5
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LA Toble §-5, Voltnga Limit Gircnit Troubleshooting {Continued) S ’
’ T o ' ‘I‘I . . I_ ‘\ R S ": . S ." .
stp |\ nc:'rlom -4 RESPONSE: PROBABLE GAUSE ' , .
1 X PART B. VOLTAGL LIMIT LOCKED DOWN (LIMIT LlGn'r ON) , ‘,"; 2
lz ’ 7 .5 L , II * I P ' '
" ! Attcmpt to turn off.sh'pnt regulator " a. Voltage at tcst point .8 Chec}\ 935 and 036 for
: 035 Q36 by shqrtint; Q3z base to o (measured from - . shory, bnd VRO-10-11-14~
emittcr.. | S : TP!I) does not change 15 for.short. ot ;
\ i‘J‘ 1 Y ig“ : ‘I_‘\ 1 : o o 1 ' 1 ,|“. ." . !
K R L ' b, Voltage at test point ‘| b. Prog':e,éd‘to Step .2,
X ' . ‘.’ . ' 21, increases., il { b y
. 2 i\ttempt to turn of i' error ampllfier , 2 _\lolt_gazje at test point j, i Gheck Q32 fnr $hoxt
. ’ / 032 t)y shorting Q34 base to . 21 does not change o e .,
‘ emitter.. o i‘.f:,‘= . ‘. ‘ Cb. Voltage ot test point b ChecL 034 for: bhort.
. o I ~ 21 ingrenses, . Q33 for cpen, R75 for
e R oo S short. -
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Table 5-7. Voltage Limit Light Clrouit Troublpr,'noot_ing

STEP ACTION e 'RESPONSE * PROBABLE CAUSE
_ . NOTE ’ . ) ' .
The procedures in this teble arliz based on'the assumption that the voitage Iir}iit ce-
cult and the programming/guard supply are operating correctly, Check-out proce~-
dures for these circuits sre gtven in Steps (5) through (7) of Teble 5~3.
1 A;ttempt to turn on light by sho'rting' o. Light does not éo on.. |' 2. Check +29V and
Q17 collector to emitter, . : N . -15Vreference volt-
o ' ages, Hght bulb,
, . and VRIS,
b Light gqe'ls'on. b. Proceed to Step 2, .
2 Attempt to turn on lamp driver Q17 by ' .a. Light does not go on. a. Check él? end Q19
shorting Q20 collector to emitter, oo . f ' ~ for open.
' ' ' b. Light goes on. b. Proceed to Step 3.
3 Attempt to turn on light by shorting 3 a. Light does not go on. a.:Check Q20 for open.
\ Q21 base to emitter. o ' : _ ’ Q21 for short. :
‘ L < ' b.'Li_ght‘goe_s on. l b. Check CR22.
. : . , - ' B ; | v o .
Table 5-8. Adjustments Necessary After Replacement of Semiconductor Devices . - oy
. , , - .
‘ . o T ADJUSTMENT
.RI??B[.{BNCB o QIRCUII’ | ADJUST PAR!\GllI!AP}I
CR20 Voltage limit pr‘ogramminrj current source. i| RB6, RB7 5-69, 5-72
01 ‘ Constant current comparator. ' . R11 (Constont current "~ 5-R3
' ' comparator zero ndjust) o
Q7 . Progromming/guard supply. R29 {Guard zero ‘adjust) 5-61 -
VR4 Refefence supply (+6.2V reference). R32 (Adjustment of R11 5-66
o ' ‘ ‘ "antd R29 must be checked
- : A before R32 is adjusted,)”
. VRB ; Voltage limit programming current source. R8G, RB7 . 569, .5-72
VRIZ. | voltage limit. | me7 5-69.

:

5-47 REPAIR AND REPLACEMENT

'

5-49 Itis recommended that o low power soldcrir’xg
: ' - fron (50 watts maximum) be used on this instrument,,

5-48 Section VI of this manual contains o list of . The use.of a "solder .sucker" greatly simplifies

replaceable parts. If the part to be replaced does
not have o standord manufacturer's part number, it
is a "special” part ond must be obtatned directly
from Hewlett-Packard. After replacing o ‘semicon~
ductor, device, refer to Table 5-8 for necessary
checks and adjustments. ) ‘ : '

} R
‘ ,

L
I ¢

aomponent replacembnt, especlolly where multj-
lead‘ parts ore concerned. In addition, only high .
quality rosin-core solder should be used when re-
poiring the printed circuit boards.

© 5-50 To facilitqte rebair, the main (A2} printed




circuit board in this instrument can be placed ver-
ticaliy (on edge) to allow eosy access to both
sides. To accomplish this, remove the two hold-
down screws, and slide the board towards the front
of the unit snd out of its plastic guide channels.
Sufficient lead length is provided to allow the
board to be placed vertically.

5-51 ADJUSTHEHT AND CAI.IBRATION S (
: . \
5-52 Adjustment and calibration may be required
after performance testing, troublesliooting, or re- '
pair and replacement. If more than'one adjustment
must be performed, the sequence of adjustments
presented in the fol!owlng paragraphs should be
followed. ) _ .

)
'

5- 53 VOLTMETI:R AND AMMETER ZI‘RO
i .
»54 The meter pointers must rest on the Zero

calibration mark on the meter scale when the instru- '1\

ment {5 at normal operating temperature, resting in
its normal operating posltinn. and tumed off. To
zero-set the meters, proceed as follows;
" "a. Turn on instrument and allow it to come
up fo normal operating temperature (about one hour).
b. Turn instrument off. Wait one minute for’
power supply capacitors to discharge’ completely.
c. Insert sharp pointed -obiject {pen point or
awl) into small indentation near top of round black
plastic disc located directly below meter face.
, d. Rotate plastic disc clockwise until meter
reads zero, then rotate counterclockwise slightly
in, order to free ndjustment.screw from meter sus-
pension. 'Pointer should not move during latter part
of adjustment.

+

5-55, AMMETER CALIBRATION _ B

5-56 To calibrate the ommeter, proceed as follows:

a. Connect test setup shown in Figure 5-3
(external range switch and ‘medium and low range .
l0ad resistors can be eliminated if desired).

b, Turn VOLTAGE control fully clockwise,
set front panel RANGL switch to 100mA position.
pnd connect differential voltmeter to'Rg1.

i G Turn on supply and ndjust CURRENT con-
trol for reading of 10,0Vde on gifferential voltmeter.
d. Adjust potentiometer R106 {see Figure 7-3)

until front panel ammeter indicates exnctly' 100mA..

5-57 VOLTMETER CALIBRATION r

b

5-58 To calibrate the voltmeter, proceed as [ollows:
" a, Connect test setup shown in Figure 5-3,
except connect differential voltmeter between
+METER ard {-) output terminal or between AD and
() output terminal (see I'igure3-7). Lxternal range
switch and medium and low range load resistors

" ' b
i !
0 1o
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voltmeter.

R . /5-17

can be climinated if deslred. .

b. .Set front panel RANGE switch to 100mA
position. turn on supply. and adjust CURRENT con-
{Adal "*.‘.ll front panel ammeter reads exactly loﬂmA.

c. Adjust VOLTAGE control until differential "
\roltmetcr reads exactly 300Vdc. '

d. Adjust potentiometer R110 (see T‘igure 7—3)

until front panel voltmeter reads exactly 300Vde.

5~ 59 RIPPLE MINIMIZATION

5-60 To adjust the supply fir mlnimtim output cur-
rent ripple, proceed as follows: . i

. a, Connect test setup shown In Figure 5 4B.
External range switch and high and medjum range -
load resistors can be eliminated if desired.

b. Turn VOLTAGE control fully clockwise,
set front panel RANGE switch to 1mA position, turn
CURRENT control fully counterclockwise, and turn
.on supply.

-c. Adjust R119 (see Figure 7-3) for minimum
601z ripple displayed on oscilioscope. Note that
both 6011z and 120Hz ripple as well as spikes and
harmonics are disployed on scope; R119 is to be
adjusted until combined omplitude of spikes, hor- -

‘ monics, and 60Hz ripple is minimum.

5-61 GUARD AMPLIFILR ZERO -

' 5-62 This adjustment minimizcs the ofiset betwaen
the bases of the guard input omplliier. Q7. The
offset should be checked and ed}usted if neces-
sary, whenever Q7 is replaced. Proceed ns follows
to perform this ndjustment:
, a. Place short DCross output mrminals of
supply ond. oilow supply to warm up for a half hour,
b. Connect differential voltmeter DCross .
diode C:RB on main circuit -board [see Figure'7- 3l
c. Set RANGE switch to 100mA position, turn
VOLTAGE control fully clockwise, and turnonsupply.
' d. Adjust CURRENT control until.front panel .

]

. ammeter indicates exactly 100mA.

. e. Adjust potentiometer R2Y (see Figure 7-3)
to obtoin reading of 0:200uVdc on differential’

5-63 CONSTANT CURRENT'COMPARATOR ZERO.

5~64 This adjustment minimizes the offset be-
tween the bases of the constant current comparator
input amplifier, Q). The offset should be checked
and adjusted, if necessary, whenever Q1 is.re-
placed. Proceed as follows to perform this adjust-
ment:

a. Perform Steps () through {3} In Paragroph
5= 62 above, except connect differentlal voltnloter
‘across diode CR4 (see Figure 7-3).

‘b. Adjust potentiometer R11 (see I‘igure 7-3)
to obtain reading of 0 + ZODquc on dlfferentiai

voltmeter.
.




5-65 \This adjustment can olso be used to set the
zero current programming nccuracy when the supply
is remote resistance programmed, However, the
adjustment should not be made if the total mintmum
resistance of the rnmote programming device (po-
tentiometer, switched-reslstor setup, ete.) and its
connecting wires exceeds: approximately 10 ohms.
Using the constant current comparator zero edjust-
‘ment to 'set the output current to zero under this
condition may result in the supply not meeting its
temperature coefficient specification, Proceed as
follows to perform this ndjustment:

" 8. Connect test setup shown in ligure 7-3.

b, Set both range switches ta highest current
range, turn VOLTAGE control fully clockwise, and
connect + lead of differential voltmeter.to Rgy.

,c. Connect remote’ resistance programming
setup (see Figure 3-3) and adjust remote resist-
ance to zero {minimum). '

d. ‘Turn on supply and adjust potentiometer
R11 (see I'tgure 7-3) for rcuding of exactly Zero on
differential voltmeter.

5-66 CONSTANT GURRENT PROGRAMMING'
. CURRENT . ‘ .
A _ \
5=-67 This procedure adjusts the constant current
‘progromming current within the supply. The pro-
gramming current is factory set to wl}hin D.25% of
‘InmA and should not need sdjustment thereofter un~
less 100mA range current sump]ing resistor R1 or ¢
reference supply zener diode VR4 s replaced. ‘The
progremming current {and thus the programming co-
efficient) can also be checked ond odjusted, if
necessary, - before remote resislnnce programming
the supply,
Vb
NDTE _
' i
« To dbtain an accurate adjustment, al-
ways zero the constant current compa- '
L .Jtor and guard amplifier {(Poragrophs .

5-61 and 5- 6:3) before making this mi-
justmem .

5-68 To bdjust the' conbtnnt currcnt progrmnming
current, proceed as follows: ‘
¢~ 0. Connect test sctup shown in I‘igurc 5-3
+b. Set both ranye switches to highest cur~
rent range, connect + lead of dlfferemiul voltmeter
to Rg1, ond turn VOLTAGE control fully clockwise,

c. Remove strap between terminals Al and
A2 and connect precision programming resistor
(10kn, 0.1%) between terminals AD and A1,

d. Connect decade resistance box in place
of R32 (mounted on standoffs on matn circuit
board; see Figure 7-3). W

e. ‘Turn on supply ond adjust dccade rebist-
ance box for reading of 10 kU 025Vdc on differentiol

v .voltmeter. ! ‘
_ f. Turn off supply and replace decade resist-
ance box with appropriste volue, 5%, 3W wire-
wound resistor in R32 pos!tion. C N '

e : NOTE
Due to the limited fange of 3 watt re—
sistor values ovailable, it may be nec~
essory. to select a resistor value that

: .gives apoutput voltage of slightly less
thon 9.875Vdc and thentrim the voltage
towithin 10 ¢ 0.025Vdc by adding & 1/8
watt, +100ppm metal fibm resistor in
parallel with the 3 watt resistol, ‘

5-63 VOLTAGE LIMIT PROGRAMMING CURRENT
5-70 This procedure adjusts the voltage Vimit pro-
gramming current to within 15% of lmA. It pllows
the supply to provide 105% of the maximum rated
output voltage despite the 15% total tolerance of
the VOLTAGE control (R75) and the differentinl ,

' amplifier reference zener diode (VR12). This
odjustment i3 necessary if either of these compo-
‘nents are replaced; it can also be performed os an

. accurnocy check before remote reststance program-

-ming the voltage limit, o

A

5-71 To adjust the vo!tage timit proqrmmning cur-
rent, proceed os foll ~we:
.0, Set RANGE switch to IOOmA position, and
i turn VO[.’!’I\GI‘ control "fully clockwise. _
b, Set GURRENT contro! for front panel am-
meter reading of 100mA (no load).
- ¢. Connect high impedance differential volt-
mctcr across output terminals of supply,

'
b

NOTE

Do not let voltage on differential volt-
meter exceed 317 volts.,  Voltoges in '
excess of this level will damage the
shunt regulator transistors in the volt-

age Hmit circuit..

d., Connect-decade resistance box set for
50kn in place of RB7 (mounted on stondoffs on
main circuit boord; see Figure 7-3).

e. Turn on supply and adjust decade resist-
ance’ until differential voltmeter reads 315 + 2Vde.

f. 'Turn off supply and rrp!nce decade re-
sistance box with sppropriate value, 5%, 1/2w
resistor in RB7 pusition.




5~72 VOLTAGL LIMIT ZERO

t ¢

5= 73 To adjust the voltage limit zero voltagc pro- -

gramming accuracy, procned as follows:

B. Set RANGE switch to 100mA position, ad- .
just GURRENT control for Iront panel ammeter read- .

ing of 100mA {no load), ond ‘turn VOLTAGE control
fully counterclockwise,

b. Connect high impedancc diﬂerential volt-.

metér across output terminals of supply.
c. Connect decade resistance box set for

. 10kn in place of RB6 (mounted on stnndoffs on main

circuit board: see Figure 7- 3). ‘

y d. Turn on supply and adjust decade reslist-
ance box until differential voltmeter reads 0 &
50mvdc. !

e. Turn off supply and replace decade. rc-

sistance box with appropriote value, 5%, 1/2W,
resistor in RB6 position,

i)
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' o Y REPLACEABI.E PARTS
61 mrnonuc'non L Tdble -1,
6-2 This section contain.a information foy ordering ; _P- = plug : i
replacement ‘parts, ' Table 6-4 lists' ‘parts in-alpha=" Q" = transistor 5
numeric order by reference ‘designator‘t and provides R = tosistor i
‘the Iollowinq information- \] 1 1s = swltch

-a, Refcrencc- Design tors.. Refer to Tabl'- 6 1 T = \ransformer

b, Debcriptlon. Rofur to Table 6 2 for ab- ' ] TB = terminal block .

lJJrevimions ; . | ™S . = thermal switch

time, the part numbcr is listpd except in instrumemb

Totul Qunnlity (Tg) Given only the firs.t
conla!ning muny sub modular assemblies, in which -

case the' TO appears the first ttme the pdrt number R

s lislenl in ench assembly. .
d Manu[actumr 5 Part Number or Type. S
Le. Munufacturer 5 l‘ederal Supply. Code Num>
ber. | Refer o’ Table 6-3 for manufncturer s name and"i‘
address, L - "
LR % Howlen "ackard Part Numbnr. '
‘ ‘g., Recommenda.d Sparenf’arts Quantity’ (RS)
for complelo maimenanco o[ one, 1nstrumcnt :lurmg
one year, of‘isolated service. '
.h: Paris not idnmificd by rcierentc desig—
nator'are listeti at the end of Table .6=4. under Me- -
chanibal aml/or Mi;callancoua., The former consists

» N secnou Vi

of parts. belongmn to, nnd grnuped by indivldual ns=~ . '."‘

semblics; : the Iuttor consists of al} partb not tm= %

mmilatcly ubsociamd with an nss*mbly . ¢

6-3 oansmns mronmﬂou Co
3 \ i} i \_‘. PR Lt \",

6-4' To order a replucoment part. midrees orcler or

inquiry to: ybur 'local Hewlett-Packard sale:, offim:-
{see lists ot rear of ;hib manual for' ﬂderBnDb; . Y
Specify the. following lnformation for cnéh partz
Model, complete, serial nimber, and any Oplinn or,
speclal modification () numbcrs of the' inbtrumenl' o
‘Hewlett-Packard part number: eircuit rcl’vrpncc ucs-ﬁ
ignator; and tlebcriplion. To order o pnrt not liblcd

in Table 6-4, give a complete dcscription of tho

part, its function, antl its lor:ntion. Coh

. Table 6-1.

Reference Designators NN

A = -assembly E .. = miscollnﬁeous
B =, blower (fan) electronic part
c = capacitor " ' | F = fuse "
CB = circuit breaker | ] = jack, jumper
CR = diode K relny
DS = device, signal- | L = inductor

ing (lamp) M = meter

) "

Reference D]e._l:_lgn\dtors {Continued)

."

nonon

vacuum tube, -
neon bulb,
p'hotocéll. ete,
zener, diode
socket
integrated cir='

- cuit or network

Doscriplion hbbreviations .

“Table 6-2,

A = ampere . i wir. = mbnufacturer
‘uc, = alternating ‘mod, = modular or
o a. current O . modificd’ '
\Q88Y;'c assembly mtg E mounting o
bd = board tn - =panc = 10-9' '
bkt ='bracket ' NC. = normally closed
OC_ = dégrce NO = noh‘nnlly open
Lo Comigrado wr = hic)'el—plmed :
cd'., = cardt L n  =ohm o v
coef = cocfﬁuicnt obd = ordcr,\by T
comp 5 compo‘;ilion " description
CRT = cmnode-rny 'OP = outside”
L tube REN . diameter
CT - = center-tapped ) = pico = 10'1"' ‘
dé . = direct current .y P.C." = printed circuit
DPDT = doublé pole, ‘pqt.“ £ potontiometer
Lo “gouble .throw p-p, = pcal\—to -peak.
.DPST. = double pole, , ppin’ = parts per

. single.throw'. "-k'mi!lion S
elcct = clcclrolytic pvr . = ﬁeak rc\mrbe
onrnpé t-nmphulated R 3 volmge
P =fakad ;0'!':1 = rectifior
OIE_‘"{_'- = degree - . rms”i = root mein’

o F‘a"renheit‘ , S tsquare, L,
fxd s fixed 0| si esideon
C'e- "germanium 1.8+DT = single pole,

H- Henry . '+ double thirow
li‘.‘li = }'crtz . h o -I'SPST = single pole, .’
JC iniqgratp(i g "' 'single throw
©0 oetreuly SS', = small signal
1D~ = inside ‘diameter T, - = slow I low.
finend = incandcscent | ten, = tantulum’
ko =kilo's 103 ol s o= titaniuin ‘
mo o o=milli= 10-3 Voo o=vyolt . .
M . =-mega'= 100 . [var = variable'. .
" = micro 2 1070 fww '= wirewound
met, , = metal W' o= watt

b-1




- Table 6-3, Code Litt of Manufocturers : o o

o737

CODL s ' ' ' o 1
NO, | MANUFACTURER ! ADDRESS'
00629 | EBY Sales Co., Inc., Jamaica, N.Y.
00656 | Aerove.t Torp. . New Bedford, Mass,
00853 | Sangamo Electric Co, ! R

o S. Garolina Div, Pickens, S.C.
01121 |Allen Bradley Co, » Milwaukee, Wis,
01255 [Litton Industries, Inc, o

. " Beverly Hills, Calif,
01281 {TRW Semicomiuctors'. Inc, , .
- Lawndale, Calif,
01295 Texas lnbtrumpnh. Inc. '

Semiconductor-Componr*nts Div,

: ‘ Dallas, Texas
01686 |RCL Blectronics, Inc. Manchester, N. H.
01930 JAmerock Corp. Rockford, T,
02107 |Sparta Mfg. Co, ‘Dover, Ohlo
02114 | Ferroxcube Corp, Saugertios, N, Y.
02b06 | Fenwal Laboratories Morton Grove, 111,
,02660 | Ampheno! Corp. Broadview, IN,
02735 |Radio Corp. of Atherica, Soltd State

Santd Reccivinn Tube Div, Somerville! N, ],
03508 G.E. Semicont!uclor Products Dept
a Syrncusc, N.Y.
03797 |E1dema Corp. | Gompton, Calif,
03877 |Transitron Elcctronic Corp.

' : Wnl‘efm]d, Maks, ’
03888 Pyroﬁlm Rnslstor Co. Inc. R

1 Gedar knolls, N.J..
04009 - AerW, Hult anri Hegeman Electric Co,

o \ - ' Hortford, Gonn,
04072 |ADC El.. cironics. Inc. Horbor City, Culif,
‘04213 le(ioll & Burn's I‘-{lfu. Co. Inc.

T i - Mineola, N.Y,
04404 - *Hewlelt Puc}"l d Co. P.\Io Alto Div,

. | : Palo Alio, Caiif :
4713 Molorolo Scmlcopdut,tur ‘Prod, Inc. .

. oA ! Phoonix. Arizonga
0577 Wcstinghoube Eleetric Corp.

1 Semiconductor Dept " Youngwootl, Pa,
053.7 [Ultrenix, Inc, " Grand Junction, Colo,
105820 | Wakefield Engr, Inc, Wakefichi, Mass,
06001 |General Elect, Co, Electronic:
i '‘Capacitor & Battery Dept, Irmo, 8.G.
06004 nbsik Div. Stewart-Warner Corp,
Bridgeport, Conn,
1 06486 [IRC Div. of TRW Inc. ‘
: Semiconductor Mant Lynn, Mass,
06540 fAmatom Llectroaic Hardware Go, Inc.
o New Rochelle, N, Y,
06555 | Beede ['Iectrica) Instrument Co.
: Ponacook. N. t.
06666 Cmncrnl Dovices Co, Inc.
‘ ’ b lmlinnnpo is, fml
Pe751 Scmcor Div, Compont'nt-:, Inc.
Phoenix, Arizonn
06776 Robinson I‘!ugent. Inc. ~ New Albany, Iml,
06812 |Torrington Mfg. (‘o., West Div,. -
' "~ Van Nuys, Cuolif,
Tranbiblor Elcctronic& Corp;

Minneapeolis, Minn,

i,

b~

CODE C ¢
NO, | MANUFACTURER ADDRESS
07138 | Westinghouse Electric Corp, ‘
" | EClectronic Tube Div, Elmiro, N,Y,
07263 | Fairchild Comera and Instrument
Corp. Scmicomluctor Div,
Mountain View, Calif,
07387 Bir}chcr Corp.., The Los Angeles, C Cnlif,
07397 | Sylvania Electric Prod, Inc,
- -1 Sylvania Electronic Systems’
) Western Div, Mounlaln View,' Galif.
07716 | IRC Div of TRW !nc. ‘Burlington ' Plant -

) Burlington, lowa

07910 Continemnl Devir:c Corp.
: Hawthorne, Calif,
07933 Ray;heon Co. Componcms Div,
‘ Sernlconductor Operation
B Mountnin View. Calu ‘
08484 Breeze Corporat!ons. Inc, Union, ‘N.J.
08530 | Reliance Mica Corp. Brooklyn. N. Y.
08717 | Sloan Company, The = . Sun Valley, Canlif,
08730 | Vemaline Products Co. Inc, Wyckoff, N.I.
08806 | Genernl Elect, Co. Minta~ - '
L ture, Lamp Dept. Y Cleveland, Ohlo
08863 | Nylomatic Corp.‘ Norrisville, Pa,
.} v8219 | RCH Supply Co, . Vernon, Galtf.
-] 08021 Alrco Spc-cr Llectronic Components '
v ’ Bradford, . Pa..
00182 *Hewlctt-— nckard Co, New Jersey Div,
N ‘ Rockaway, N.}.
09213 Genqral Elect, Co. Semiconductor |
( Prod, Dept, : Buffalo, N.Y.
‘09214 | General Blect, Co, Semiconductor
. Proi, Dept. Auburn, N, Y,
08353 |{C. & K Components Inc, Ne‘wto’n. Mass,
09922 | Burndy Corp, Norwalk, Conn,
11115 ' Wagner Electric Corp, '
- “Tuna-Sol Div, Bloomfteli, N.,J.
11236.}JCTS of Beme, 'Inc. ' Berne, Tnd,
11237 ]|Chicago Telephone of Cal, Inc.
o So, Pasadena, Calil,
11502 |IRC Div, of TRW Inc, Boone Plant
. Boone, N, C,
1171} [General Instrumént Corg
"Rectifier Div, Newark, N.J.
12136 | Philadelphia Hondle Co, Inc. '

N t : Camden, N.J.
12615 1U. S, Terminals, Inc, Cincinnati, Ohlo
12617 jHamiin Inc, Lake Mills, Wisctnsin
12697 |Clarostat Mig, Co. Inc. Dover, N,
13103 {Thermalloy Co, ;v Dallas, Texos
14493 |*lewlett-Packard Co. Loveland Div,

' Loveland, Golo,

14655 fCornell-Dubilier Blectronics Div. '

' l‘edoml Puclfic' Electric Co, S

. Newark, N;‘J.
I-IBSG Gieneral Instrument Corp, ‘Semicon-
T ductor Prod, Group titcksville, N, Y.,
15801 |Fenwal Elect,: * Tramingham, Mas.s
16299 |Corning Glass Works, Electronic

Componenta Div, ‘Raleigh, N C

*Ise Code 28480 assigned to }chvintlancknrrl Co. , Falo Alto, California Co o




“ Table 6~3. Codr List of M'nnufncturers {Continued)

) 'y

Cobt | _ ' ’ CODE ! :
No, | MANUFACTURER : ADDRESS NO.’ MANUPACTPRER . ADDRESS
16758 Dr-Ir.o Radio Div, of General Motors Corp, - 70563 | Amperite Co, Inc, Union City, N.J.
' l\okomo. Ind, 70901 [ Beemer Engry, Co, Fort Washington, Pa,
17545 | Atlantic Semiconductmn. Inc, ' 70803 | Belden Corp, ‘Chicago, IIl,.
o ! Asbury Park, N, I. 71218 | Bud Radio, Inc, . Willoughby, Ohio
17803 | Fairchild Camera and Instrument Corp [ " 71279 Cnmbridge Thermionic Corp,
: Semicolnductor Div,. Tronstucer Plant , Cambridoe, Mass,
, . Mountain View, Calif, 71400 Bussmann Mfg. Div. of McGraw &
17870 | Daven Div. Thomas A. Ldison Indusiries '} Edison Co, : + 81, Louis, Mo.
McGraw-Edison Co, Orange, N.J. 71458 | CTS Corp. Elkhan. Ind,
18324 | Stonetics Corp. Sunnyvale, Calif, 71468 'LLT.T, Cannon !“,ectric Inc. .
19315 | Bendiz Corp. The MNavigation and Los Angeles, Callf,
Control Div, ) Tclcrboro, N.T. 71590 | Glohe=Union Inc, )
18701 | Electro/Midland Corp, Centralab Div, Milwaukee, Wis,
' ' Mineral Wells, Texas 71700 | General Cable Corp, Cornish
21520 Fanbleel Memllurgical Corp. ' . -Wire Co. Div. Willtnmstown, Mass, |
: ‘No, Chicago, B, 71707 ) Coto Coll Co, -Inc, Providence, R. I,
22229 Union Carbme Corp. Electronics Div, . . 71744 | Chicogo Minialure Lamp Works ‘
v » Mountain View, Calif, - o . Chicago, Il
22753 | UID Electronics Corp . Hallywood, Tin, v § 71785 [ Cinch Mfy, Co. and Howard ,
23936 | Pamotor, Inc, ' Pampaj Tedas "l B. Jones Div., Chicago, I,
24446 | Genernl Electric Co, Schenectady, N,Y. 71984"] Dow Gorning Gurp, Midtand, Mich.
24455 { General Electric Co, Lamp Div. of Con- 72136 | Electro Motive Mig. Co, Inc.
1 sumer Prosl, Group ' L ' Willimantie, Conn,
: Neia Pnrk.'Clevel..nd thu 7261% | Dialight Corp. Brooklyn, M.Y.
24655 Genom\ Radio.Co, = West Concoril, Mbss. 72695 | General Instrument Corp,  Newark, N.J.
246B1 | LTV EloctrObystﬁmb Inc Memcor/Com- 72765 Dmle Mfg. Co. ' 'Harwootl }!eigh!" I,
o ponents Operations Huntington, Ind: v 72062 Elostic Stop. Nut Div. of
26982 | Dynacaol Mig, Co. Inc. Snuunmesf N, Y. i " Amerpce Esna Corp. Union, N.J.
27014 | Nattonal Semigonducior Gorp, . : 72082 { Eric Technological Products Inc, Erie, Pa,
' Supta Clara, Calif 73096 ]| Hart Mig, Co. Hartlord, Conn,
28480 | Hewlett-Tickard Co. Palo Allo, Colif, 73138 | Beckman Instruments Inc.
28520 JHeyman Mfy, Co. J(eni!wor}h’. N.J. A Helipot Div. v Tullerton, Calif,
28375+ ) IMC Magpnetics Corp, ' ‘ : ’ 73168 | Fenwal, Inc, Ashland, Mass,
C New Hampshire Div, Rothostqr, N M, 73;93 Hughes Arcraft Co, [Electron .
31514 | SAE Advance Pnckat;inr_), Inc. e Dynamics Div, Torrance, Calif,
I © Santa Ana, Colif. , 73445 Amperex Elecironic Gorp,
31827 | Budwig' Mig. Co. Ramona, Calif, ! : llicksvillt‘, N.Y.
33173 |G.E. Co. Tube ant. Owensboro, - Ry. 73506 | Bradley Semiconductor Corp.
35434 |lectrohm,' Inc, Chicayo, 11, ‘ Co New Haven, Conn,
37942 .| P.R. Mallory & Co, Iuc, S v }73559 | Carling Electric, Inc, Hartford, Conn.
‘ ' . « Indianapolis, Ind. ' 73734 | Federn) & rrew Products, Ine.’
42190 | Mitter Go. " Chicage, 11, e Chicago, m
43333 jNew Dersrture-Hyatt Bearings Div, ' 741493 | Heinemann Electric Co, Trenton, N.J.
' General Motors Corp. Sandusky, Ohic 74545 | Hubbe!l Harvey Inc. Bridgeport, Conn,
44655  Ohmite Mo ;u[nc.mnnu Co. ' blokie. HY, 74868 | Amphenol Gorp, Amphehol RF Div,
416384 Innn anr. ol Mlq. Corp. . ey Danbury, Conn.
Doy[ostown, Pa, - ' | 74970 | E; F. Jbhiison Co, Waseai, Ming,
47904 [’olnroid, C,orp. * Cambridge, Mauoss, 75042 § IRC Div.. of TRW, Inc,  Philadelphia, P.\,
49956 }Raytheoh Co. Lexington, Moss, 75183 | *Howard B, ]Om‘b Div.” of Ciich '
55026 |Simpson I‘lm.tric Co, Div, of I\mcrir‘nr; B o M, Corp. . New York, N Y,
‘ ngg- ‘and Machine Ce, Chicago, TN, 7537¢ | Kurz anit’ qusch. Inc, + Dayton, . Ohic
56289 !Sprague | Inctric Co. North Adams, Muoss, 75382 | Kilka Eleciric Corp, M1 Vernon, N.Y.
58474 |Superior Electric Col ' Bristol, Conn, 75915 | Littlefuse, Inc, Des Plaines, M,
SB!M‘J' Syntron Div, of FMC. C”orp. L ‘ 76381 Minnesotn Mining anit My, Co. ,
| Homer Chy, P, ' . St, Paul, Minn,
59730 Thomas .and Betts Cu Philmlclphln, Pa, 76385 | Minor Rubber Go. Inc.  Blooinficld, N.J.
1637 Union Cdrbuio C,orp. ‘ New York, N Y. 76487 James. ]\Iillr'n Mfg, Co, Inc, ¢
£3743 [Ward Leonand Electric Co. ‘ ' ' Malden, M.w.,.
1 ' e Mt. Vernon, N.Y, JEASI 11 W, Miier Co, Compton, Calif,

*Use Code 71785 assiyncd to Cinch M}'q.- Co., Clicago, I,

L R "
[ t Y }

TR
]




I\

Tablé'6-3, Code List of Manufncturers. {Continued)

CODE '

NO, | MANUFACTURER ADDRESS
76530 | Cinch City of Industry, Colif,
76854 | Oak Miy. Co. Div, of Oak '

. | ‘Electro/Netics Corp. Crystal Lake, I,

77068 | Bendix Corp., Electrodynamics Div,
. _ No. Hollywood, Calif.
77122 | Palnut Co. Mountainshde, N.J.
77147 | Potton-MacGuyer Co. ' Providence, R.L
77221 Phaostron Instrument and Electrpnic Co.

‘ South Pasadena, Calif,
771252 -Philndc}phin Steel and Wire Corp, ‘

Philndelphia, Pa,
77342 Americnn Machine ond Poumlry Co. '

il Potter and Brumfield Div, Princeton, Ind.
77630 | TRW Electronic Components Div, |

g ‘ , Camden, N. L
77764 | Resistance Products Go.  Horrisbury, Pa.
78189:§ Illinois Tool Works Ing, Shakeproof Div.'

| ) . Elgin, Il
78452, Everlocl. Chicago, Inc. Ghicago, IH.
784881 Stagkpole Carbon Go, St, - Maorys, Po. |’
785261 Stanwyck Winding Div,. Son Fernando'

. Electric Mig, Co, Inc, Newburgh, N, Y.
78553 |, Tinnerman Products, Inc. Cleveland, Ohio
78584 |\ Stewart Stamping Corp. Yonkers, N.Y.
79136 | {Waldes Kohinoor, Inc, "L.IL.G., N.Y.
79307 | Whitehend Metals Inc, New York, N.Y.
79727 bominentnl Wirl I‘leclronlca Corp,

‘ Philaticlphm. Pa, -
79963 | Zierick Mig. Co. - - Mt, Kisco, N.Y.
B0031 | Mepco Div, of Sessions Clock Co. ‘

' Morristown, N,
B0294{ Bourn., Inc. ' Riverside, Calif,
B1042 llowan! Industrics Div, of Msl Ind, Inc,
Racline, Wisc.
- B1073] Gravhill, Int, La Grange, DL
R14B3 Inlentional Reettfier Corp.

El Segundo, Calif.
81751 | Columbus Electronics Corp. Yonkers, N, Y.
82099 | Goodycar 'iuntirlvb & Mechanical Co. Inc,

~ New York, N.Y.
82142 | Mrco Speer Electronic Companents ‘
Du Bois, Pa.i.

82219 byl\mnia Eluctrir: Products Inc:

Electronic Tube Div. Receiving '
. Tube Operptions ! Emportum, Pa.
823893 Switcheraft, Inc. ) Chicago, Ill
82647 | Metwls antt Controls Inc. Control

! Products Grovy. Attleboro, Mass,'
B2866 | Rescarch Promucis Corp, Madison, Wis,
82877} Rotron Inc, ‘ Wooidstock, N, Y.
B2893| Vector Elestronic Go. Glendale, Calif,

, B30581 Carr Fastil‘mer;Co. . Cambridge, Mass,
#3186 | Victory Engincering Corp.
. ‘ Springfield, N. 1
83258 chii'-: Corp, Electric Power Div,

, Fatontowr, N.J.
#3330 Hormm H, Smith, Inc, Brookiyn, N.Y.
83385 'Gentral Screw Co, Chicago, NI
83501 | Gavitt Wire and Cable l)iv of '

Amerace Esna Corp. Brook{ield,

Mass, '

(‘JN%[?E MANUFACTURER | : AI?DRESS
83508 Gram Pulley and Hardware Co, ' -
‘ West Nyack, N.Y.
B3564 Burroughs Corp, Elecxronic .
Components, Div, . Plainfield, N. 1.
B38351 U. 8. Radium Corp, Morristovm, N.J.
83877 | Yardeny Laboratories, Inc. ‘

' . New York, N.Y,
84171 | Arco Electronics, Inc, Great Neck, N, Y.
Ba411 | TRW Capocijor Div, Oyallala, 'Neb,
B6684 | RCA Corp. Electron&c Components

w Harrison, N.J.
B6B3B Rummel Fibre Co. Newark, N.]J.
87034 ] Maorco & Qak Industries o Div. of Oak
Electro/netics Corp. Anaheim, Calif.
87216} Philco Corp, Lonsdale Div. Lansdale, Pa,
87585 Stocl.we!l Ruhbor Co. Inc. ‘ o
‘ Philadelphin, Pa.
87929 Tower-Olschon Corp, Bridgeport, Conn.
88140] Cutler-Hammer Inc, Power Distribution -
"{ and Control Div, Lincoln Plant
. ! : ! Lincoln, .
8B2454 Lition Precision Protucts inc, USECO )
Div, Litton Industries Van Nuys, Calif,,
906341 Gulton Industries Inc,  Metwchen, N.J.
90763 | United-Car Inc, Chlcngo. n,
91345 | Miller Dial and Nameplate Co.
. E! Monte, nl![,
91418 Rndio Materials Co, Chicago, 11,
51506 | Augat, Inc, Attleboro, Mass,
41637 | Dale Electronics, Inc, Columbus, Neb,
91662 | .Elco . Corp.’ ‘ Willow Grove, Pa,
91929 Honcywell Inc. Div, Micro Switch
Freeport, i,
92825 | Whiiso, Inc, Schiller Pk, , 11,
93332 Sylvanio Eleciric Prod, Inc, Semi-
conductor Prod, Div, Woburn, Mass,
03310] Essex Wire Corp, Stemco

- Controls Div. Mansficld, Chio
541444 Roaytheon Co, Compuonents Div,

. Ind, Components Opar.  Quincy, Mass,
04154 ] Wagner Zlectric Corp,

Tune-501 Div, Livingston, N.J.
442221 Southro Inc, " Lester, Pa,
55263 Leecraft Mfg, Co, Inc. LL.C., N.Y.
65354] Methode Mig., Co.  Rolling Meadows, 1),
957121 Bendix Corp. Microwine
Dovices Div, Frankln, Ind,
95987 | Weckesser Co, Inc, ! Chicage, I
96791 } Amphenol Corp, Amphenol |
) Controls Div, Janesville, Wis,
97464 | Industrial Rvmining Ring Co, -
Evington, N.J.
97702 IMC Maognetics Corp. Fastem Div. .
Westbury, N, Y.
98291 Sonlcclro Corp. Mamaroneck, N, Y.
98410 FTC Inc. , Cleve)and, Ohio
48978 | International Blectronic Research Corp, .
Burbank, Cailif,
99931 Renbrandt, Inc,

i Boston, Mass.

1




Table 6~4. Replaceable Parts

REF. .o : , a , MFR. HP RS,
DESIG. ‘ DESCRIPTION TQ| MFR. PART NO. “CODE | PART.NO. |-
Al INPUT BOARD ’
c25 fxd, elett 10aF 450Vdc, = . ! ‘28180 | 0180-2365 | I’
c fxd, ceramic ). OpF 220Vac | ! 28480 | 0160-3679 |
C30.31 fxd, elect 3001F 250Vdc 2 10" 28480 | 0180-18B6| .1
C32 fxd, elect;BOuF 300Vde - ! 28480 | 0D18O-1851| 1
. C34 fxd, ceramic . 01uF 500V 1 28480 | 0150-00B1 | 1
c35 fxd, elech480:F B5Vdc 3 A 28480 | 0180-1888| 1
C36 fxd, elect 6BuF 15Vdc 1 | 150D6B6X0015R2 56283 | 0180-1835) 1
c37 cfxd, film . e} 500Vde 1 : C 28480 | f160-0269 | 1
\ , PR U K : )
CR32, 33 Rect. 5i. 700mA B0Oprv 1, 3{ Al4N 03508 | 1901-0330| . 3
CR35-38 | . Rect. Si. 1A 200prv ! 4 | a14B 03508 |, 1901-0327] 4
' CR4b 'Rect. Si. 700mA B0Oprv ' Al4N , 03508 | 19010330
R91 fxd, met. oX. 150k~ 5% 2W 1 { Type C-428 . 16299 | 0764-0049{ )
R112,113 fxd, comp 10, £5% }/2W 2'| EB-1005 01121 | 0686-1005] 1
R114 fxd, comp 2705 5% 1/2W 1 | EB-2715 01121 | 0686-2715] 1
“R1V7 ' fxd,’ comp 100n 5% 3W : 1 | 242E1015 56289 | 0813-0050] "1
"RIT9 ' var. ww' 100~ £20% (Ripple Adj.) 1. | Type 110-T4 11236 | 21000281 1°
© VR16,17 Diode, zener 4,22V 400mW 2 | SZ10930-74 04713 |'1902-3070] 2
A2 MAIN BOARD Co
G fxd, mylar. InF 200V 2| 192p10492 56280 | 0160-D168] 1
G2 " fxd, cer ,0D5pF 400V t | 33C17A3-CDH 56289 | 0150-D052| 1
ca- . fxd, mico 1BpF 300V 1 . ' 28480 | 0360-0356] 1
G5 ‘fxd, mylar .06t F 200V 2 | 292r6B392-PTS 56289 | 0160-0166] 1
c7 | . fxd, mylar . 1pi 200V : | 192P10492 56289 | 016D-D16B .
cy fxd, mylar /D1aF 200¢ 1}, 192P1p392 . 56288 | D160-0161| 1
CI0 fxd, mica 33pF 300V ] o 28480 | D160-2150] )
Neildi fxd, mylar . D6BLF 200V 202P&8392~PTS 56289 | 0160-0166]
cld fxd, mico 100pF 500V I | RCMISEION) 00853 | 0140-0041] )
Cl15 . fxd, elect 22uF 35Vdc 2 | .150D226X0035R2 " | ‘56289 | 0180-0160| 1
Clé fxd, elect 4, 7:F 35Vde 2| 150D475%903582 |, 56289 | 0180-0100} 1
C17,18 fxd, elect 22uF 35Vdc , 150D226X0035R2 56289 [ 01B0-0160
y C20 fxd, ceramic IpF 25V . 1 | 5C13C-CML 56289 01‘60-01‘2_7 1
c21 fxd, elect lal 35Vde - , '] 1| 150D105X003582 56289 | 0180-0291| 1
c22 fxd, elect 4, 7uF 35Vde 150D475X903582 56269 | 0180-0100
C23 fxd, ceramic 0.47.F 25V , 2 . 28480 | 0160-0174| 1
26 fxd, ceramie .01 100V 1 { obd orare. | 0150-0093] 1
czB fxd, ceromic 0,470 25V ‘ : 28480 | 01H0-0174
G33 - fxd, mica 20pF 500V ‘ I 28480 | 01.0-0370
CRI, Z Diode,) Si. 200mA 180V . 20 | 8G3396 03877 | 1901-0033| 8
. CR3-5 " Diode, §i. 50mp 75V ' ' 7] DA2050. i | ossos | Jeor-peaz] s
- CRé Diode, St. 200mA 180V "I 8G3396 . 1. o3s77 | 1901-0033
CR7, 8 Dinde, Si. 50mA 75V DAZ2050 ' 03508 | 1901-D642
" CR9, 10 Diode, Si. 200mA 18OV, 6| 5G3396 03877 | 15M-0033|
CRIL i2 Diode, Si. 150mA 15V 4| sTB523 03508 { 1901-0460] 1.
CR13-16 Diode, St. 200mA 180V - 5G3396 . 03877 | 1901-0033

rl
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REF. ) : N MFR. HP
DESIG. - DESCRIPTION ; TQ|' MFR. PART NO. CODE |PART NO. |RS
CR17 Diode, Si. 200mA 10V 1| sco30s 03877 |1901-0461 | 1
| CRIB8,19 Dicde, Si. 200mA 180V SG3396 03877 |1901-0033 |°
, CR20, 21 Rect. Si. 1A BOOV 9] man ' 03508 |1001-0330 | &
CR22" = {Diode, Si. 200mA 180V . ¥ s@3396 03877 |1901-0033
CR23 | Diode, Si. 150mA 15V ', STB523 03508 | 1801-0460
CR24, 25 Diode, Si, 200mA 1BOV . 5G3386 03877 |1301-0033
CR26 Rect. Si. 1A 800V AlAN 03508 |1901-0330
CR27 .| Diode, Si. 200mA 180V " 5G3396 03877 |1501-0033 |
CR29 Diode, Si. 200mA 180V 5G3396 03877 {1501-0033
"CR30, 3! Rect. Si. 1A 80OV - Al4N 03508 |1901-0330
_CR34, 39,40 | Diode, Si. 200mA 180V SG3396 | 03877 |1901-0033 |
‘CR41-43 Rect. Si. JA'BOOV ' , AI4N 03508 |1901-0330.
CR44 Diode, Si. 200mA 180V ' $G3396 03877 |1901-0033
CR45 Diode, Si. 1A BOOV AN 03508 |1901-0330
CR48, 48 Diode, Si. 50mA 75V , DA2050 1 03508 |1901-0642
h CR50 - Dicde, St. 200mA 180V , - SG3396 03877 |1903-0033 ,
CR51 Dicde, Si. 150mA 15V STB523 03508. |1501-0460
CR52, 53 Rect. Si. 1A 200V e 2| AaB 03508 |1901-D327
CR55,'56 Diode, Si. 200mA BOV 2| rDHA308 07263 |1901-D050
L1, 2,3 Ferrite Bead, 17, 20, 21 emitter 3 " 28480 [0170-0894 ] 1
Qr SS NPN dual Sh. } 2| 2n5416 , ~ |r8sa-0221 | 2
Q2-5 SS NPN Si. 1p | T41200 56289 |1854-0071 | &
- Q7, S5 NPN dual Si,. '2N5416 ' 1854-0221
Q8 SS PNP Si. 7] T2173 56289 |1853-0089 | b
. Q9, 11,12, 14 }'SS NPN Si. TZ1200 * 56289 | 1854-0071
QI5, 16 SS PNP Si., TO-5 2] 38640 02735 | 1853-0041 | 2
Q17 S5 NPN Bl 1| 40346 02735 |1B54-0085 | 1~
Q19-22 $5 PNP St. . ' | 2173 56280 | 1853-0099
Q24, 25 SS NPN Si., T0-66 . 2| 2N4240 1854-0311 | 2
Q29 S5 NPN Si. \ ' ZNI711A 1854-D214
Q30, 31 S5 NPN 8i. q] 40327 1854-0232 § 4
Q32 SS PNP Si. } TZI73 56280 | 1853-0039 §
Q33, 34 SS NPN Si. - ' TZ1200 ! 56289 | 1854-0071
w37 SS NPN Si. - 40327 3 18540232
Q38 SS PNP Si. TZ173 56289 | 1B53-0099
Q39 55 NPN 51, 40327 . ' 1854-0232
Rl fxd, ww 100~ £0.5% 10W Sppm 1| Type TI0 D16Bh | OBIL=-2859 | 1
R2 . fxd, ww'90U, 0, 5% 1/2W 5ppm 1| Type E30 01686 f0B11-2012 | )
R3 fxd, ww 9ka £0,5% 1/2W 5ppm 1| Type E30 01686 {OB11-2858 | )
R4 fxd, comp 4.3kn £5% 1/2W 1 | EB-4325 onizy Joose-4325 | 1
‘RS fxd, met. film 196, 1% 1/BW 2| Type CEA T-O 07716, [060B73440 | )
.R7,8° Ixd, met. film 23ks £1% 1/BW | 2| Type CEAT-O 07716 | 0698-3269 | 1
RY fxd, met. film 3. 57k: 1% 1/BW 1{ Type GEA T-O 07716 }069B-3496 | 1
R10 1ixd, met. film 390ks 1% 1/BW 1{ Type CEA T-O 07716 | 0698-5093 | 1
R | vor. ww 2ka £5% (CC Comp, Zerv) 11 CT-100-4 84048 | 2100-1774 |. 1
R12 Bd, met. film 3ka E1% 1/8W © 2| 'Type CEA T-O 07716 [0757-1093 |1
R13 fxd, met. film 249kn £1% 1/8W I | Type CEA T-O 07716 [0757-0270 ).
‘ R14 fxd, met. film 68, Tk 1% 1/BW 1 ' Type GEA T-O 07716 [0757-0461 | 3
R16 fxd, met. film 1960 k1% 1/BwW ‘ Type CEA T-0O 07716 fo6uB-3440
R19 | txd, comp b. 1k e5% 172w 2| EB-s125 . 01121 fO6B6-5125 | 1
R20 fxd, comp 12kn £5% 1/2W 2| EB-1235 o1zt joes6~-1235 | 1
R21 fxd, comp 5ln 5% 1/2W 4| ER-5105 01121  J06B6-5105 | 1
‘o
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DEF, ‘ , o MFR. HP:
DESIG. DESCRIPTION TQ | MFR. PART NO. CODE | PART NO. | RS
R22 Bxd, comp 150~ E5% 1/2W - 2 | EB-1515 01121 |0686-15151 1
R23 xd, comp 5la E5% 1/2W , EB-5105 01121 | 0686-5105]
R24 fxd, comp 510 £5% 1/2W 3 | EB-5115 0121 | 0686-51151 1
R25 "1 fxd, comp 10ks £5% 1/2W 3'| EB-1035 01121 | 06B6-1035 | 1
R27, 28 fxd, met. film 64k~ 1'% 1/8BW . N K !
' 25ppm ~ 'l 2 | Type CEA T-O 07716 | 0698-6275 | 1
R29 1 var. ww 15k, 5% (Guard Zero Adf. ) 1 | Type CT-100-4 07716 | 2100-0894 1
R30 o fxd, met. fillm 2ka 1% ) /BW 3 | Type CEA T-O 07716 | 0757~-0283 ) 1
R31 fxd, ww 5, 9ks 1% 1AIW T . 28480 |nB11-1978) 1
R32 fxd, ww (Selected) 5% 3W ! | tobd) 28180 : '
R33 fxd, met. film 118k, £1% 1/8BW .1 | Type CEA T-D n7716 | 0698-3265| 1
R34 fxd, comp 3ke £5% 1/2W i | EB-3025 O1izl (| 0686-3025 [ |
R35 fxd, met. film 5, 49k, 1% 1/8W '2 | Type CEA T-O 07716 | 0698-3382] 1
R36 Bxd, comp 30n 5% 1/2W ' I | EB-3005 . . 01121 | o6Bé-3005] 1
R37 ~ fxd, comp 150 5% 1/2W I'| EB-1515 | o121 |o6B6-1515
R40 fxd, comp 2ke £5% 1/2W' 2 | EB-2025 ' 012l | 0686~20251 )
R4, 42 fxd, comp 51, £5% 1/2W i | EB-5105 ‘01121 | 0686-5105
R43 fxd, comp 20kp\£5% 1/2W , 2 | EB-2035 o1zl |o6eh-2035]
R4q ' fxd, comp 5.1kn 5% 1/2W - | EB-5125 01121 | 0686~5125 ‘
R45, 46 fxd, met. film 1. 5ka 1% 1/BW 2. | Type CEAT-O 07716 | 0757-0127 I
R47 ixd, comp 1.Bkn £5% 1/2W 1| EB-1825 01121 JoeB6-1825] -1
R4B fxd, met. fitm 750, £15% )1 /BW ) | Type CEA T-O 07716 | 0757-0320| )
. R5D fxt, comp 20, 5% 1/2W - 1 | EB-2005 | 01121, | 0686-2005 ‘
R51 Ixd, met. ox. 820, 5% '3W ) 1 .} 242EB215 56289 |ogi3-on10] 1
R52 fXd, comp 2.7k E5% 1/2W 1 | EB-2725 © M2 | o686-2725] 1
R53 fxd, comp 750, t5% 1/4W -1 ] CB-7515" 01121 " | 0AB3-7515
"R54 fxd, comp lks' 5% 1/2W "2 } EB-1025 01121 {06B6-1025] I
R55 fxd, met. ox. 750, £5% 5W .| 2a3E7515 56289 [0811-1861 ) 1
R56 fxd, comp'10k. £5% 1/2W EB-1035 01121 | DbBOH-1(35
R57 txd, comp 3ka 5% 1/2W EB-3025 01121 | 0686-3025 '
R58 fxd, comp 12kn £5% 1/2W | EB~1235 N2 | 0686-1235 )
R59 fxd, comp 3kn £5% )1/2W . EB-3025 ;121 | 0686-3025
R60 fxd, comp 750, k5% 1/2W 1 | EB-7515. D112} | D68H-7515 1/ ‘
R61 fxt), comp 1.3ka £5% 1/2W “| 1 ] EB-1325 . o121 |osBe-13251 1
R62, 63 fxd, comp 510. £5% 1/2W EB-5115 . on2y {oeso-5118 |
RGA ' xd, comp 3. ES% 1/2W EB-3025 DII2Y | 0KBH-3D25
R65 fxd, comp TMeg £5% 1,/2W 1 | EB~1055 D21 P DOB6~-1055 i
RGO fxd, comp 510k, 5% 1/2wW 2 | EB-5145 IR EA D6HBG-5145 1
R67 fxd, comp 20k E5% 1/2W EB-2035 L0112 FO6B6-2D35 :
R68 ixd, comp 360, £5%1/2W 1. | EB-3615 01121 | 06BH-3615] 1
R6D Ixd, film 2ks 1% 1/BW Type CEA T-0O 07716 [ 0757-0283
R7D fxd, f)m 21,5, 1% 1/8W 1 | Type MPICI 19701 |06YB-3430) 1.
R71-73 fxd, mwet. ox. 33k, 5% 2W 3 | Type C-a28 16290 [0764-0046 | 1
R76 fxd, comp ks £5% 1/2W EB-1025 01121 J06R6~-1025 o
R77, 78, | fxd, ipet. oxo 37k £5% 2W 2 | Type G-128 16299 |0764-0031 F. 1
" R79 "ixd, ww 30kn EBY% JOW . T | 247E3035 63713 fosit-1918] 1
RBO ixd, comp 200n +5% 1/2W ¢ .2 | EB-2015 01121 | obsh-2015. ) 1
RBI, B2 fxd, comp 5.6k: t5% 1/2W 2| EB-5625 01121 | 06B6-5625 | 1
RB3 fxd, comp 10ka £5% 1/2W EB-1035 oIz [0686-103%
g RB4 fxd, met. [ilm 5, 49k, £1% 1 /BW Type CEA T-0 n7716 | 069B8-3382
R85 xd, met, film 2k £1% 1/BW Type CEA T-0 07716 |0757-1283
RB6, B7 ixd, comp (Selected) 5% 1/2wW 2 | Type EB {obd) o121 .
RBY, fxd, mot, ox, 68K, 5%, 1W 1 | RG-32 11502 [0761-0p83 | 1
RO0 fxd, comp 200, £5% §/2W EB-2015 S anzt {oess-2015
R93 fxd, comp 5.1, 5% 12w, 1. | EB-51G5 ;21 {o6sb-05151 1
R94 fxd, met. ox. 100k 5% 2w 1) rype rpaz ! 27167 lo760-0028 | 1




REF. S ' j MFR. HP
DESIG! | DESCRIPTION TQ | MFR. PART NO. "CuDE | PART NO.  |RS
R95 fxd, comp 470, 5% 1/2W : 2 { EB-4715 01121, | 06B6-A715 |1
R96 fxd, comp 390, 5% 1/2W 1| EB-3915 0112} | 0686-3915 | 1.
R37 fxd, comp 470 E5% 1/2W , EB-4715 0112]"' | 06B6-4715
"R9B . 'fxd, comp 510kn 5% 1/2W EB-5145 01121} 06B6-5145
R99 fxd, comp 24k £5% 1/2W I | EB-2435 b o2y joese-2435 10
~ R100, 101 fxd, ww 10k, 5% 10W 2 | 247E1035 ! 56288 {0811-2702 }1
RI10S | v fxd, met. film 9. D%k £1% 1/8W " 1 | Type CEA T-O 07716 | 0757-0288 1
RI106 | var. ww 5ke. £20% {Amrpptcr Adj.) 2| Type 110-F4 ,11236° | 2100-1824 1
R107" fxd, met. film ¥lka £1% 1 /BW 1 | Type CEA T-O 07716 | 6757-0443 |1
R108 fxd, met. ox. 150kn +5% 2W I | Type ©-428 16209 | 0764-0049. | 1
R109 T'txd, met. film 6. 2k £1% 1/8BW ‘1| Type CEA T-D 07716 | n698-5087 |1 -
‘R110 var, ww Ska £20% (Voltmeter Adj.) , Type 110-1'4 11236 | 2100-1824
TB1 Rear Barrier Block, 5 Terminals ) | 26480 | 0360-1550
TB2 Rear Barrier Block, 4 Terminnls, 1 : ' 28480 |-036D-1551
- ' 3 . '
VRI - Diode, zener 2.37V 400mw 1 | $2410939-2 ‘04713 | 1902-3002 |1
VR2 Diode, zener 7.5V 400mW .| 3 | S210939-146 04713 | 1902-0064 | 3
: VR3 Diode, zener 7.5V IW 2 |.8211213-104 04713, | 1302~0799
VR4 . Diode, zener 6. 2V 400mW 20ppm 1 | 1NB25 28480 | 1902-122) |1
| vrs - Diode, zener 7.5V 1W . | sz11213-194 047)3 | 1902-0798
VR6 Diode, zener 32. 4V 200mwW I - + | 1902-3185 |1
VR7,8 . Diode, zener 7.5V 4ADDmW ; .8210939-146 ' 04713, | 1902-0064
VR9; 10- Diode, zener 150V 1 watt  * 2 | S211213-44P 04713 | 1002-0586 | 2
VRI1 Diode, zener 16, 2V 4100mW 2 - - , 28480 |1902-0184 |2
VR12, 13 Diode, zener 5. 62V 400mW < : 28480 {1902-3104 | 3
VRI4 _ Diode, zener 28.7V 1 watt 1} S211213-272 04713 | 1902-0572 |
VRIS " Diode, zener 16. 2V 400mW ‘ ‘ 28480 | 1902-0184
VRIB Diode, zeper 5. 62V 400mW 26480 | 1902-3104
VRI9 Diode, zener 4,99V IW "1 | sz1n1213-54 04713 | 1902-0533 |1
21,2 - Integrated Circuit, . - ' AR : o
 Operational Amplifier 2 | LM3DIAYH . . 27014 | 1B20-0223 | |
A3 HEAT SINK BOARD :
:CR54 Regt. Si. 1A 8OOV 1 | AlAN 03508 {1901-0330
R74. . fxd, comp 510, 5% 1/2W 1 | EB=5115 mi21 | 0686-5115
VRIDI, 103, L o ' ‘ R
105 Diode, zener 150V 1TW 2 | sz11213-440 p4713 | 1902-0586
VR102, 104, . . -
106 ‘Dinde, zener 75V 1W 3| sz211213-392 04713 [ 1902-0601
K A4 HEAT SINK BOARD - ’ ,
‘R9Z. fxd, comp 100, £5%, 1/2W v | EB-10)5 p1121 foege-1005 |1
RITG fxd, comp 10, 8% 1/2W ‘1 | EB-10D5 01121 | 06B6-10D5 | 1
' FRONT PANEL ASSEMBLY-ELECTRICAL j
‘Ds) Line Indicater Lamp, Neon 1 | Al » 0BBOG | 2110-0047 | 1
D52 Voltage Limit Indicator Inmp, _ ‘ o
- Incand. (Ambcr) ' 1 | MCL-A3-1730 07137 | 1450-0305 ]!
El Tip Jack, Panel Mount,” White \ . .
{(+ Meter) ’ 1| 105-601 74970 | 1251-2440 {1

" p-8




REF. J . | MFR. HP ,
DESIG DESCRIPTION TQ | MIR. PART NO. CODE | PART NO. [RS
E2 " |5 way Binding Post, Red (+) 1 28480 | 1510-0094 | 1
E3, 4 5 Way Binding Post, Black {-) 2 28480 | 1510-0522 | 1
M1 Voltmeter, 3 1/2", 0-360V ] . 28480 | 1120-1151 | 1.
M2 Ammeter, 3 1/2", 0-120mA 1 e 28480 | 1120-1157 |1
P2 "+ | mip plug, white (+ Metcr) 1 [ 105-301 74970 | 1251-2400 | 1
R1b var. ww 10kn +5% 10-Turn 2W ,
: (Current Control) ., Y 28480 '| 2100-1B&6 | )
R75 mold, car. 250kn HO‘JE (Voltage .o '
~ ., Control) . 1 28480 | 2100-2009 | !
'Riig fxd, comp 47ka 15% 1/2W L | EB-4735 01121 | 0686-4735 | 1
S Line switch, SPDT Toggle , ‘1 | 7101PYZ) ﬂ 09353 3‘101-16015 1
52 Gurrent Range Switch, Rotory 1 28480 | 3100-1935 | 1
PFA PANEL ASSEMBLY-ELECTRICAL |
ES 5 Way Binding Post, N.P. Bross o
{c-:mu'nd) . a1 137 83330 | 1510-0044 | 1
F1{115¥) luse Cartridge 1A, 125\! : ' o -
o, _ (Slow Blow) 1 | Type 3aG 313.0008"| 75915" | 2110-0007 | 5
Fi (230¥)  |Fuse Cartridge D. 57, asnv | L - R ‘
i ‘1 (Slow Blow) 1 | Type 3AG 313.5008 { 75915 | 2110-0202 { 5
]2 | Receptable, Input Power ) 28480 | 1251-2357
P Power Gord  © 3. 1 28480 | 8120-1348
Q26-28 ‘| Power'NPN 81, TO-3 3 | 6449 02735 | 1854-0631 | 3
Q35, 36 Powcr NPN Si., TO-3 f oo 2 | (See Note On 1851-0690 | 2,
Page 6~11) RS
s3 . 115/230V Iine Switch, Recessed ' L ‘ o
DPDT Shide 1 28480 | 3101-1234 | 1
CHASSIS ASSBM BLY-EL EC’I‘R!CAL ' .
- RIISA/RIIGB | fxd, ww 20kn. kS% 40w, Center b ‘ o
K K | Tapped I | Type HLT-35 0637 | 08113236 | 1
R117, 118, 110) fxd, ww 400, 5% 40W 3 | Type VbIT 12607 [ 081B-0011 f 1
T! , | T nsformer, Power (includes § ‘
- ' Stondoffs) ; 1 ; 28480 j061B6-8009) | 1
\ A2 BOARD-MECHANI|CAL ‘
"| jumper, Rear Barrier Blocks 3 | a22-13-11-013 71785 | 0360-1143 | 1
' Sockel, Integrated Circult ' o '
, , 21 and 22 , 2 | 133-98-92-061 71785 | 1200-0763 | 1-
, Standoff, Q24, 25, 174" Hex 4 | 2300 .. | 83330 | 03B0-0716 | 4:
Heat Dissipator, TO-5(Q37,Q39) |, 2 | TXBE 032-031B™ 98978 | 1205-0030
Insulator, Transistor, TO-5 * ! 26480 | 0340-0166




/ REF. . T MFR. HP
DESIG. _DESCRIPTION o "TQ] MFR. PART NO. ‘CODE| PART NO. RS
FRONT PANEL MECHANICAL B
. ' ‘ ' .
. Meter Trim 1 28480 /] 5020-8061
"’ ,Bezel Meter, 3 1/2" 2 , 28480 | 4040-0483 |1}
, ‘Meter Combining Pin ] - 28480 | 1480-0181 |1
. Front Ponel, Basic . | 1} b " ‘| 28480 {06186-20006
‘ Front Panel, .Control Section Inseit l’_: ; ; 28480 | 06186-00011
Front Panc), Output Section Insert 1" o 28480 | 06186-00012
Insulated Strip, Nylon, Terminals g T N '
£hL 2,3 AN L 28480 | 5020-5754 |1
Corporate Logo | 28480 | 7120-1254
Knob Assembly, RI5 1 vyl , 28460’| D370-1091 |1
’ Knob Assembly, 52 and R75 2 v 28480 ‘0370 1099 1
' Shoulder Washer, {+), (=), and g " ‘
GND Binding Posts 3. . 28480 | 2190- 0494 3
| - Lampholder, Clear,” DS! v : 28480 | 5040-0234 |1
' _ Lampholder, Basz, DE) ' 1| J 28480 “5040-‘0305‘ }
! Fastener, DS2, . 312" Dia. | !-17373 102 24D 78553 0510-0123 !
‘Stand, THt, Foot Assembly ' 1 ‘ 28480 | 1490-0032 | -
¥ Hinge, Foot Assembly . 2 28480 | 5040-0700
} . |
REAR{PANIZL-MBGHANICAL b
i . [
Panel, Rear “1 ‘ - 28480 | 061B6-00010
‘ Heat Sink Rear Panel, (Q26, 27,. o ' A o
’ 28, 35, 36) ! Lo 2B480 { 06186-20005
Gover, Rear Barrier Strips 1 ' 28480 | 061B6~00007
-Insulating Strip, Mylar, Copper-— ‘ .
Clad Q26, 27, 28 . 1 . 28480 1 06186-20023 | 3
Shovlder Washer, Double, lienat , o ' .
Sink ond T) Bracket B L 28480 | 0340-0172 | 6
Sertal Plate 1 28480 | 7120-1110 |
: Insulator, Transtistor \ :
‘ 02%h, 27, 28, 35, 36 ' : 5 S 28480 | 0340-0795
Fuseholder, 'T'1 X : 1 3420010 75915 1400-00B4 3 1
Hex Nut, Fuscholder . 1| 903-12 75815 | 2950-0038 | 1
Lockwahser, Fuscholdoer ‘ L 284801 2150-0054 )
Ilat Neoprene Washer, Fusehelder 1 | 901-129 75915 | 1400-0090 | ?
, Insulator, Boron Nitride 026 27, : ) : . : ’
28, 35, 36 , r.| 1-4001 6165/ | 0340-0411, | 5
, CHASSIS ASSBMBLY-MBCHANICAL o K
' Chassis, internnl _ 1 . 28480 | 06186-00001
' ' Bracket, Transformer T) W 1 28480 06186-00003
' , Cover, bide 2 2B1BD | 50008565
. Cover, Top 1 28480 | 5060-B5BS
Cbver, Bottom g’ B S 28480 | 5D00=9444
Fastener, Top and Bottom Covers 4 | c-8020-632-24B 78553 | 0590-0052
; Side Frame Assembly 2| 28480 5060-0703
Foot Assembly 2 " 4 2s4so | 5060-0728
, Spacer, Side Frame Asscmbly 1 . 28480 | 5020-0701
Shoulder Washer, Double, TI ' J
Mounting 4q ) 28480 | 0340-0492
~ Coble Clamp 3] 3-1-1 31827 § 1400-0116 | 1

ey ———— i

b=10




TAER.

. HP

REF. T T , . ‘
DESIG. . DESCRIPTION b TQ] MFR. PART NO. .CODE | PART NO‘. RS
CHASSIS ASSEMBLY-MECHANICAL ’ '
' 1
; Standotf, 6-32 % 1/2W, A2 Board 2| 1osie 00866 | 0380-0093
o . Guide, Printed Circuil Boards . 4 ¥ T 28480 | 0403-0150
" MISCELLANEOUS ) '
Manual ° \ E ' ! 28480 |D618H=000D5
Carton, Pn8k[ng 1 L ZB480D | 9211-1347 !
Tionter Pad, Packing 2 28480 | 9220-1545
Fuse Envelope, T1{230V) o ) " 28480 9320-0234
. ‘ i
OPTION 14 = ;
' . 3 Digit Decadial Current Gontrol - , ’ ’
3 Digit Decadtal - 1 RDAII 07716 1140-0020, }
; ' b 4 '
’ . L ‘) ] L]
y ,
i i 1)
' P .
' , ‘ Vo
. . : - NOTE: ‘ ) ) o
, 0 - There s npo direct c:u'r‘nmerclal replacement for .
o tronsistors Q35 and Q36. For these ransistors,
' the 6186C uses RCA 2N5240's that are =elected |
' for' BVoro, loErs fnd lg/h (second Lieakdown). ,
| The specificntions and test conditions for these e
. 5 charncteristics are tobulated below. ¥ ’_
Charactertstic Specification 1 st Conditlons '
BVGEO ‘ . 375V min. I = 10DmA, pulst} Inading
dopr TmA max. Vo & 37'5\!. RER = 200,
. case temp = 125"
| s 4l 25mA min. VG = 300V, T =} sec, :
v : N A a case temp 0°C to 125°C .
! i - o . ' i
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 SECTION VIl _ -
_ CIRCUIT DIAGRAMS

This section contains component locatioh dinw ‘
grams and a'schematic diagram of the power supply.
The 'component location diagrams show the physi-
cal locations and reference designators of parts, -
mounted on the printed circuit boards and chassis,

+

~ofithe entire power supply.
. itelics adjacent to test points, which are iden-~

¥,
The schematic djagram iILustrates the circuitry

Voltages are given

tified by circled numbers both on the schematic
and on the component locatlion uizgrams.

\ Al Input Board C

| B ==t anaa
o

{

]

‘A4 Heatsink Board

¢

; N '.l‘igure 7-1.

~ Component Location Dingrams
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i




1
' )
C Loh c -
L Y
) . . A T e
P v
]
' &
' b
1 . i "“l!
]
Y .
]
Ll ’ .
'
ST ——ras
FIr TR
]
N ' 3 ! K
\ [} : s
C . Co ‘
v ] . + v
1 1 '
. ’ o
v ' I i ! “1 ' =‘ 1 .
. Vo . , ’ . )
_ Figure 7-2. Chassis Compuenent Loeation Diagram ‘ |
l”-."‘"'"""“w.‘.‘. ' v ' I ! ' ' . 1 .
" Lt T " ' v ‘ 14 i . '
: "'ilm . - s P 2 ‘) )
. ; " . } !
i B . ¥ ‘ f 1
’ yoroh 7‘2 R
) ' !
i ! - f .
! ' / ' i ' b I;‘ ' ‘ 1 J
' ' Co e \ Y
, N o .IJ\. . Ve

' - e e e b i L g,




. . ' i -t v
- ML * . T 3 : :
- . e +2BVILNRES ) [ P Co FPROGRAMMING/GUARD SUPPLY . R : v - . . ! ) '
R \ —— . - . ) . i . v
Coogr : I i : ' . : . : . ‘ ) L - ! s b v ———REGULATOR——, P . , .
L vN 5 . . A 5 . . ’ t 3 . A, . 13 K '
Lo , e s - . o ‘ . o Iy ‘ o5 . REFERENCE SUPPLY ) , HEAY ey : LN o ; . — ; o R N
L - . . P . ' o ) ' ) b . - . . . : : . " ‘ ! .
‘ ? [ e ST S L t ) ‘ ' ' e : f I El , RS ' ' O . ro ADJUSFE ‘ ™ . L ALy RESISTORS ARE IN DWW, 1/2W, 23% UVLESS OTHERWISE INDICATED }
0 R o ] B ‘ L : A o : . ! . , ] bpof eyl N N : 124y . v . . prumREnT . : . ; DAL R 2 ALL 44w AND I/Bw REBISTORS ARE £1% UNLESS DTHERWISE INDICATED
. EEE S R e et s, LT SN ] , ‘ ' ) ‘ . l ! ad& i na) QFJ _ - : ‘t =T T — - COEFFICIENT) o : © Veymip 3 ALY EAPACITORS ANE W% MICRCFARADS UNLESS DTHERWISE INDICATED. - o
, o e ) PR Y ) ey, ' ! [ ’ by . ' . { i " ¢ f * QI8 1. ) ' - ' . ' S sax i mpur are ' v ! a 4 REAR TERWINALS ARL SHOWN STRAPFED FOR MCRMAL use. - - '
o : SR , . ' ) o _— , ) - . ‘ ) : . & . ‘ i ;) — o i , PN ':’s';_ ) ComP — : 8 {7 ) DENOTES FRONT PANIL WARKING,
, VoL - B ’ ) < R . . ) e ' R L 1 m!" A .'“ cels . B . " . iﬂOV o X . B . promtihmy ‘. \ , ——— . ‘:::3 DENCTES REAR FAWEL IARII’IE , .
) ' o ' ' ' 1 N ! B : ' 12 o SReY LI T S foarie sR28 ' . ! : ! NOTES CHASSIS MOUNTED, COMPONENTS '
‘ : X ‘ . ' ik 3 &t 3w 3 o : i ay > . ! fenr giee a2 S Toent
, ; ‘ ) ) 1 ' , : . , RN ‘ g , T n,:‘ -k el 1 u‘ C! c al J.!‘o nc.ms szazu” . kcriog  HR oy 4L i 4 ) ) ] o . - g 8 DENDTES VOLTAGE LIMIT OR wmu.uumamuno sunu .
! ' noo , ’ 1 dlaicenid SEPRE ' ok’ ' - oy R cnvg?ur ox 5T C - : FEEDBACH SIGWAL, PATH y e
' ‘ ray TURN- O S |mer CURRENT kd’n‘n 1 e ew§ [comwews] - - : ‘ . B ——a— DEAOTES’ MAIN CLRRENT REGLLATOR FEECBACK SIGNAL Pn‘l’H '
" ! A 1 ) . T oom (':I\ | ' n'mmTW;_"i ! ~15 22 nnon awerL, | ;"". . . SOURCE -l zln. Turee - ! ' S K N7 bewores CIREWIT COMMOM POINT DO MDY CONMECT TO |&) DR [ t o
) e ‘ : w ' : RS . 'oL‘" -y . ‘ feog  COMT : " ‘ f w | . \SZENOTE 15) . 23 ppm — N R : ) ‘ , 7 EUTUT IERMINALE |, e s
' ' ' i . - v 2 . . 7 . ] :
" . a0 ; ' v ) i ! ol P o n ‘ ' : [ B ez - w23 - o : (@) -erv o Lo : ‘ B (E) PENOTES PRGCRAMMING/GUAND SUPPLY UTPUT O WOT comnect
; R . ’ . . . ' . e T o , v : ) ! msEiv =1 Tys0 S © ek > o P ’ : £ 10_0) CR 4=} OUIPUT TERMINALS : o
N L Y T , : ! ‘ . ) o - Copey |- ) \ [ i ' oty . . 200v =13 — z‘:;u | g iz &y L , ’ e ! ' @) ) ' 1B D vmmm ?,1.; MEASURED UNDLR Thi ‘FOLLOWING EONDITONS: . oy
C - : . A o _ ‘ | K an 32 " +TRY : o ot £ Co . - o o wl P “R WEWLET T PACHARD uobn 427A VOLTMETER ORIQUVALENT '
, . . ' o ' ; ; ' ' S TP bwes  pap Lcoweamsron ¥R YITICE @ ‘ S _ , ) ' — L e Ny ! ' B 313 VAT, SOHE INPUT . ,
b ) oy ) . . B | 0 : I . 1 s 2m 3 . ny .I__" 4 ] " FCTER S ! o € VDLTAGES ARE REFERENCLD m:mtun’r cuunou ITERWINAL AX) . O
, ; Lot : ! : ) ‘ ' ! : : . oy l/ew - - - , ‘ . [ ;'|= !;u YOO I . ‘ ) : . N S . . Ima WAK . "IN AL DACUITS EXCEPT YOLYAGE LIWT, VOLTAGE LIMT PROGIAMMING .
o AR : . o \ ' ’ v " . ' | SEMES - S - v . “!_;, : ) Tzogv ~ : o ; g ' B ' ' . : o ) . R . o _ CURKENT SOURCE, AMD BLEED EIRCUIT . THESE vmmsqmn e LR
J ”-"'(" ! ' . ' 3 v ) : _ [} ; : . REGULATOR . . "723 CIS?;'-: . ' : o"N" . ! : . ' t ' . Nt th Eny . | ' “',‘.‘ ASTERBRS) ARE m;p;mtn TO TEST POINT 0 O W 'y
v : : v - ' [ . : . . 5 B ! : ' o o : .
' 1J e . g / ! : L . LR ‘ oy L ogym 22 . , Co =REAR (RN Vo . . L : ‘ ! D ALL VOLVAGE READINGS' TRKEW IN CONSTANT LURRENT |, , w1 l
R .- oy o N , ‘ . . - ) : s - T I RG ' v ) . ) ! C : : : \ . o : - CPLRATION WiTH SHORTED DUTPUT, SUPPLY PROGRANMED YO '!! C
) -‘-{ﬁ’ o o R ! ' ) sy b ) : MAXIMUW RATED DUTPUT CLRRENT DN 100 &° ‘RabGE; AND oL
, heof ) ' | . ' w | WOLYAGE CONTRDL FULLY CLDENWISE .ot o "
i kN . { ) . . ) . ' ca e - .
e . . . S . 1 ' ’ J \npF } . L VOLTAGES ARE TYPICALLY 210%.
' i o ‘ ) ' : j ; ) : 1] BY N ,’-’,f,’:;.‘,".’é’;’{ : ' ! : ' y ooy ; 13 ML ECWPONERTS LOCATED DM MAIN PRINTLD CIRCEUIT BOARD A2 WD"
o ' oy . ‘ B ' \ . ' 22 4] CONTROL ' : B "- P ; UNLESE DTHERWISE NOTED " 4
) . ' . " oy . . \ LY e . S o o , 3 X INPYT ! ; B e & StRik5 RLGULATOR TWANSISTONS 026, GF7, AND OI8 BRE FLECTROSTATICALLY -
‘ ; n L ‘ , . ) i . , : — ) - ‘ N S ISDLATED FROW CHASSIS GROUND By ECPPER- CLAD MYLAR BeliD , |
; EA | a L . . } R o L0 ) - - / COMNELTED TO TPS EACH, THANSISTOR 15 WSULATID MW n“ﬂ-UP
i ] ' T " 4 ‘
o - ! bt ' : SERIES .m:uurm . FROM : Lo Jfp vewt P . ] a | BokOM NTROE TSR ATOR i}
7 ' ' A7y RIFERENCE SUPPLY % g2t ‘ n e g ' _,m_@_‘;’_ eraomsy 0 T T R, T & PIN LOCATION DIAGHANS FOb -mu.mp ‘CReuTs 2, rzl, AD DFFERENTIAL
f] ' ' ) . . ' h ' ey . o *
= " 25, 2w e EL . a ' '-ﬁﬂ m é o : " Ea . . Foe _— . ;»vunns 1 AND OF AME SnOWh BLiDw . T
ky ‘ . ) o o 4 vz o : . €33 ek WTED) ' . : [ w13 CONSTANT —_— " - N ! Py v
’ " o a ' “‘-@- g S el 8 | o TE T ghe R o e Ti .- : ~
-, . . : . /@ Tiew p—? .08 ) h 4 [T 196 ' N 10ma.
o . ' ' ) . W |,y Aswear LY T i e e e om0 —t o
- L ) ‘ ’ [ Lol . . ) ) y —t e = : - iy - . T o ) R A " .. ‘
- , ! p ' VOLTAGE DOUBLER ; . i o : ‘ p _ " CONSTANT CURRENT CONPIRATOR .
] . . 3 S . » . ' - ; . ' '
» ' . . / ‘ i L ) 1" berpmence | 0 e | [ wmed . " o - ' o ' P [T} '
| , . , , . . VOLTAGE . ECPPLY L V] : $eR80 i . . joo } poo N .
- . . . i ; LIMIT PROG k b ; : - : lbw flpw. | BR2w ih PIk LOCATICAS FR TRANSISTORS, AKE S1CWN BELOW : .
X ) ] f . ) Ty i, " 5 . . = \ . ' . . : B [ DBE% . | D&% . . '
" . ) ) : . Y .. : . o CURREMT BCURCE ‘ :-_? = 3 : . B ‘ . o | S | B2 Ny Lo , ;e )
i . ..,J . . : o ] oy - L : M ' . / A Yo P
. . . J . . ‘ . {rﬂ PIm IS , - ‘ ‘ : 73 . ) ‘ . ‘ e ‘ CURRLAT SAMPLING U :
C ' ; ' , 534 Inus ! F El'-‘ ({11 . . . @ :n?. Y oocy ' . . \ ‘ : ) ) : © PESISTORS . ;
. R ) . ' . BN . . .- : . ) Yy . d alt LAy J
. . . FAime] a i " , i . ) o430V | (SEE NOTE : : v D e, S , ; i ‘ o N ) (1) I
: | ' ‘ - ASELECTOR) EII ror | ear —— LIFE aoE o IR ! : [ ue she)
1, | | } Y ,:o ;.;a,&” . ) . ] t ; ] \ E . i 4< : 7L - <
3 L DO * ! . ' : ! ' . . N : FL S . .
. | 1 ! ’ [ . . . ' B . 5 [
. ‘ . y il erttv . . _ Rua os2 ‘ ‘ : 2 " . ‘ . A . { P ‘
h v 750 . FROM . % S : . . 1T0P VIEWS) R
' ¢ 8 ‘ (i [L51% 3 'r'\';%% ' -] IEI@ ' p o2z ; VOLTAGE iiiid ) EE Lo W : o
. . ‘ | Piov + 20—t : ‘ POUBLER ' : ‘ ' v ' L n$ o i T ‘
. ‘ i _ 1UNAER ) © . | rsorarion b . 5 ) . ' _ L b3 S Py
. ERA 1 Cey * . s L » " plonES . o ) o R . L N . P ' 1068 S TR . ;. :
', ' ) TE } T harvac . : ! o [ . . . \ ' . ' T K ’ 10T 1OW: it w) \ . s ‘H‘ i
' ' : ' A ] . . - S ' ; R IR [
' " ) R Y A L v . , I . k] L e "E'""E Fon’ ; g U i A o i . . , v ) .
. . o ) o l._.._ JTBVA WA __._J;:‘ . srEn | !l \ i : ey ReE . . . & - ' N B B | . , ) e ' §
o D ! ‘ o d : L . P P . ; @. g \ : , ' ‘ ) ;
f W i ! | ! . . . eamv j o ‘ " F
. /o . : ‘ I TR : bt , - g 4 S p (.
, \ , oo | ) ponsy — ER0 ks . , ‘ 3 i ' : AT : P "
1 ! S I ' ) | , ' nu . , B ; ) . 2 ' ’
; : o . : o ! i " - = ' R e 1 J ‘. ' P
3y , . CYTREIN I . { ¢ asoy o , . - : . . _ VLTAGE LiMIT - - P " ] a8 , ot . W
‘ Ly ! . : ‘ ' . i ! . L i ) \ " C Ly 10w gt e s - : : PROGRAMMING oy : R e L . "/ i A
1 . 7 . i . . . : : : BEARI ' 3 : . CURRENT SOURCE o 1 : : ! : - : ’ ’ S
' ) . - ! ‘ TRIPELL | b : ! VOLTAGE LMIT .. .. .o & o o e o cy | uRRENT S ‘ ; i . - o , FA
. . ‘ \ ~ ) ‘ i LIGHT CIRCUIT T R P R U DR e i ' o T ,
‘ ( I" J PIO at INPUT Pcm ¥ ‘1 .1“!\.' ) . : o } : y . N 13 ‘ - " \ B ; . 1 ' \ I § ) ‘: ',"'_’!:, i ! I’.- .
) ' ! L ' ' ) METER CIRCUIT A . Y . ’ ' . oo . i . . ; r ! P A i
. ' . P ‘ N RIS ) . . A t R o | - i Y / -,* ‘
. . of - : ' ' V¥ v . . ! ’ Y ! '
B . s : o . ) o : e S ‘ g : ’ Scon 11 . S verdeE LT 16N GURN, EWr- i g o— T Bmeat o " . J o |
' : : PR - : , ‘ B ' o ‘ y ‘ ' : - [P ‘ ' J ' ‘ A IERTERCEEAR (o S XK voeTacE Snims & - VR ; ' ‘ : 1 v .
) A [ v , ; : . : AR : y o : , i . . . . . LW ] R 314 , w  DOMFR Si0n, 20w o'g" N | ) .. i . A o S
Il P “}-' ) W ; . : bdd ”:’:‘: . aw - r .y poc L ‘ ' REED . Ceaewiiery ;i Cwge . 1 o
. ] ! i ‘ Y K S ‘ ‘ - —_— S 2 VM3 M2 S WML CiRCUT o . . o ERN n ) . ' ' , .
. ¢ 7 ."' ) . i , s 31 ; y (. , ! it ' . } CR:[! e e Y ?U)q 'll'bm Bex S58KF . e -— - "\a‘.\’#‘r‘m ; ' | i . ) .
¢ ' I ' / ] . . ' ' [ . -'l : — - VRl 2400 @.,,,, Rl e . , Rieectie . cas - Imoo b| H . e . T ' .
. W i . ! ' ) ) , . "y , ' L L, \ \ o \ . I . St N"]I"w » I‘I&_Lm , o35 - b oy’ n . X ™ {ADIETS - o |%a|- =.:g . s o o oo o oo
. ' ' Kl /- . 1 ¢ { ' l\’," Do (e i ' , o ) . :.!"U x z : } % \ Q3 i INPUT . L] VOLTASE : \ i o ' ' Lo t L
; Lo i Ea ) ) C, \ . i ) ‘ . 1 4 Pl 0w LI . S EROR 3 Q33 JCOMPARATDR 1VEW R . V | N . i ce
. ! : X 3 . , ' ) . . | i . . . . : . vRp L 150V L TN GEs [ A . i QM ZERO} \ i ot e 4 - ' i ‘I
2 ' e . . . l oo . . .’I; y ] ) ' ! [ Jeay ; . - i ) . . . 5 o ‘ I ; . ' ' R e , /;‘l , , Vi .
i v 1 . ! . i A h ' ’ . " 2 L [ ) . e f.!:v ‘, A L) iu/w L I_"' : i Ly ; ! " o S .
H ' " . . . b B . b s e e pree v M N ' 1 A ' o
i ‘ g 5 . ’ ‘ ot A . . ' 0 I < oo ey o vme vz o  dnid tocid INCEPRANEES S T ! S oo o
, ” . . i ; N ) i , ' ' 3 SISV . HEAT) . o e | w o Ty | C w2V : } . " L - " . , i
. ; : S 1 \ ) , . - ’ i i, . e 1t ) sl | S B J s |, . vawy i RN ;
. ‘ K - . ; L i» . ; , R p'n"‘——: L2 o I s U
b . ) , N -“‘ B L 3 H ‘ . . ! i. . L . . . ‘ b o a b l!‘a ' . l u;;lr ;ﬂ-l-! — [ — 51 N E’K’l i . - L“. i , vy I ;
v ) . - ' 1 . “ PR . . . . 3 H b , i . y - —_— T r | . 4 BLEED |
) . ! ' . ] ) i IR v lazev 0 +] &7 2! ) s : , 4 ! - \ !
. Figure 7-3. A2 Main Board Component Location Dingram "o " ' o : . ‘ : e 1 @) b TRy . I - N cmeurr 3 RN v : ; ' ‘ i
: . J . . . . . . i ! . ' ; N ' ' i R4 . e xov ' . ' . ' - toe T ' g - i P
. i . . , ' | , Coes ] . . . ‘ . ‘ ; l {1 - — , S R I ' N PR + .
) , , ; ', ! - ‘ . . v , ) -f-aw ey - v W X - - - T i I " P . i D 1 ".' ! , ‘ \ : ‘;J .\-,l.‘. ) ! K ’, ' ',‘) s '
Y ' } , £ ' ,.‘\. f A ] s " R ‘ ‘ I . ‘ R J‘_ o e X . ,..‘ . I'. . ) . U - .‘ H ‘ ',: ..<-3
‘ . . L e e i N T . T T A Y ] ! o oy . W w»
! . . 1 i | . | . . A : PNAIIWPGMD . " Ve et ST . . .
' , i 1 A ) . porzned . . . ' . . . . ; FATERTTRI L, e ) . : . 3 , ' L] )
. . , ; : - y \ : . i ' . : | , : , : i e o, . Figure 7 -4, Model 61 86(: Schematic Dtagram
' 3 I , . ' . ' Lo n ' T R B A . !
‘ ' ¢ I ! o t i ' ' . \ | ; ! ) ) y ! ' 1 ' 0! Y L o K Sty L ’ ’ o ' . : ﬁ.j"' . v
! 1 ' . ! v § ' : | ' o ' ! VI \ v Lt ! 1. : ' o 2!
N . { ' H I Iy} ' ' e ) 1 1 It 1 . . J h : Ty T
Y | ' ; 1 o m ! i ' b i . . ‘ P . . ¢ ' . K 1 L7 . - L ot R i
| ' K { . . : , N "{. J . {‘ " ' " i = \ i, \ : ’ : ' i 7 , P! ' ,’]‘ t I ) ‘.": | . . s ] ‘ . e e . :
, _‘\ b / B q R ! R "o » ,“' , } | l . \ ) 1 N , , A f i . ,;| \ _ ‘ ' ‘ . '
i ' ! ' . * ' ‘ s i . . ] LN ' ‘
. ' 3
f ' ' . ¥ ) i ) ' *




TS g
~iy ! % . iy
LI IRCE

|
Ll Y uu‘r" '

. 1,
. | l.'j’L)

o 3
' b
) ! i
i
i
B
\ ¥
[
! [ .
N
! ' v ‘
g
H "
5 T
A
\ S
!
, T
!f.
i
'
! , ! ;
i
]
1 ¢
N 'R '
[ f !
i |
'
.
.- .
: H !
§ ! Al
I 1
'
i
v 1
i
FR
L .
'
' f
‘l; 1 ‘|‘
[ o0 ; i
¢ ' ! f ! (R : o
. J ) Voo Lo o - .
' : e i \ '
N ' s | . } '
N ' ' ! AN y 1 3 ) | ' ,
.. . . , . \ d
i ! Kl ¥ 1 E
‘ oo { , I » ‘ - : . \ ' :
oy s 0 T
0 < 3 P . [}
1’ , it “1 . 4 H _l! s . |) +
. 1 s N wl
' 1 ] ) i
1 ) , " b R ,
i ! ' i )
! ' ' ) ‘ b , ! i ' i
; Ve B ‘ ! : : c ; ;
] ‘ IJ. [} 1 ¥ \
. B . : .
: | f ' N i; f y V [
1 [ oo ' |
N ! R B . . + | y 1
} . . \ Lo, e ! ' .
X . : ", \ e ) | T
‘, . K \ -’,r Lt i , i 1 . ,
By " : . J . ' 1 '
! S b L . s},
RRATE ) Y Lo ) ; .
. ‘ . v ; . o , [ ' P
vt ' ' oy vl ! o ' : ]
y | R oy . y '
; e ; ) | . ' v, . '
‘ ) ) . B
f t ' i V Y » ' ! 1 . V . i
. R .
I' ! ! '\ K ' N !' . ‘ '
b, v ] » 1 + !
. P ] l | . 1 ¥ : i ot 1 !.
' o 1
, . C | | ' ‘ | al . , p \ '
i ' : i ' 0! 1 b i
. ¥ ‘ ! ' f . ; !
AN LI L Y \ ! ! B : Y !
O i N ‘ N )
J ' i . . Y ' ' ) T +
5 3 '
: . ' ! .
| ,.}}_ 0 : X b, . o \ )
L. g ’ H
ST o I ; i
[ : . ! b, " R
i ' [ , ' ! ), . . 1 !
1 ' PN L yr .




i
"!ﬁ"

. . . ] B . L ;o . . R R .
' LR . S : o S IS R
il g | s ! . e ! , : *

s L 'MANUALCHANGES -+, - bt

s S ' B - Model 6186C Precision Constant,Current Source .
U S i, Manual HP Part No, 06186 90005 . B Coo
.o L - ' t . LI "l ‘ : 1 ' ! f
. y f
M.,ke nll correclinns in the manual accordmg to errata below then check the following, table for your power supply seriat
' W, 4_ ' number and enter any listed change(s) in the manual, . | T
[N i . o : ) 1 \ } ) . ‘ ‘] . ) ' I :
-SERIAL " MAKE _ o ERRAI’A R T
— ' © . CHANGES L 3
oy Préfix Number Lo e i in partslist {A3 Heat Senk Board), change Voltnge len
L —— — . : - lndlcator Lamp to HP Part No. 1450-0571.
o T | I I . Errata ' 3 R
“f 1704A - |06275-00344 o S cmmss 3. o ,
o, Y 1736A . 10034500434 ne : R : ’ :
T1822A° 00435-0538 | . 1,23 [ Anew capacimr C39 HP Part No, 0160-0153 Is connected
il . =" . .| . L
11322:,‘A ggggggﬁ S :g S -~ in Ihecircuit across pnims C(A.’!) and termmall#xl of the
o SR ' S transformeruﬂngpms HP Part No 03600124 This
. 1 L prevents oscillation. :
el BT SR e . ,DERHATA?
2V1) LY : P _ Ca ¥ ,r ‘ “
o . ) . b b Foran instrumcnls de!werrd on or after July ‘l s
[ ' ERRATA' ‘ y R . 1978, change the HP Part No. for fuschplder from
o S y © 1 1400-0084 1o fuseholder body 2100-0564 and fuse-
) ) . " holder carrier 2100-0565 Change the HP Part No.
In the parts Ilsx and on lht. schemmh:, chnngt. resistors RQB| . for fusehofider nut from 2050-0038 to 21100568,
and R97 in'the bleed circuit on the A2 MainBoard to. If old fuscholder must be replaced | k
1.6k 1/2W, HP ot No, 0686-1625. ~ e fep;acet’ fof any reason,

replnce complete fuseholder and nut with new
fuseholder pans. Do not repluce new pnrls with

In Tnble 1- 'l under T:mpermum Rating, add the follow]ng ‘old nans "

g ‘Iempermum dermmg information: \k , .
_ For ambient ten pescture greater than 40 C, |he uutput \ o '
S . current must he l‘nearly dermed 10 B0% of maximum &t > CHANGE 4 ' '

' [ a 55°C nmbmnt. S AT In the replaceable parts list, under aA2 Main Board
TR C ' ' - "and on the schematic, change C26 to 0,02uF +20%,
Effective Jariuary 1, 1977 Oplion 014 ldecndlal for 10-turn , 100V, ceramic, HP Part No. 0160-0818. .
curtbnt control) has been tedesignated Option D15, Make ' " N .
, this Chﬂnge wherever - Option 014 is mn.mioned inthe 92779 : '
manual A R , v BT , !

[
.
[

o '. | cwancen: A B |
i H ' : . ;‘.‘ . ) . ' \ ;
Add a new capacnur, CBB to thu thure 7 4 schematic and . - ‘ G _ ! t
. to lhe A2 Main, Ctrcdn Board parts fst on page 65, . C38 ‘ ' A '
isa 2,2uF 20\! tamnlum elurtml\nlm {HP Part No, 0180- '
. 0% 65) 'and is in parallel with R97'in the active blucd cir- i _,/ .
cuit'with its positive end at the collector of Q38 This . ' o ‘ ’
. _capacitor. has buu‘n added to e!amlnale a tendency to oscil- . ‘. ‘ o
late' and may be l}lstalled in eartier 5186C supplu s if '
requ;red ) i _ ‘
' ) ’ ' ) ' |.‘. ) ‘ I '
CHANGE 2: S co
e ‘ L i o ' [ i | _
Change internal chassis HP Part Np, 06186 00001 10 08186 L _ ‘ T L
100013 on page 6-10. Delete bmcket transformer, HP Part . ' . o
. No. 06186-00003. Change power transformer, HP Part No. s o ' '

0618680091t0061868(}0920nPag!:69 oab o . o




