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' CERTIFICATION

‘The Hewlett- Pacleard Company certifies that this instrument was

thoroughly tested and inspected and found in meet its published
speczf‘ cations when it was sthped from the [actory The Hewlett-
Packard Company further certifies that its calibration measurements
are traceable to the U, S. Natzonol Bureau of Standards to the extent
allowed by the Bureau' 5 cahbratzon faczlcty

n PR b

WARRANTY AND‘ ASSISTANCE
|
All Hewle e Packard products are warranted against defects in
materials and w orkmnnshlp This war ranty apphes for one year from

" the dateof delivery, or, in the case of cer tam ma jOl‘ components listed

in the operating manual for the specified :perlod We will repair or
replace products which prove to be defective’ durmg the warranty
‘period. No other warranty is expressed or implied, We are not liable

for consequentlal damages. . ' ) )
‘. ] .

For any assistance contact your nearost Hewlett Pnckard Sales and N | ,

Service Oﬂice. Addresses are prowded at the back of th:s manual. .
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SECTION 1
GENERAL [NFORMAT[ON

1-1 DESGRIPTION

1-. This power supply, Figure 1-1, is completely
transistorized and suitable for either bench or relay
rack operation. It is a compact, well-regulated,
Constant Voltage / Constant Current supply that
will furnish full rated output voltage at the max!-
mum rated output current or can be continuously
adjusted throughout the output range, The frent:
panel CURRENT controls can be used to estabiish
the output 'current limit {overload or short clrcuit)

~ whdn the supply is used as a constant voltage!

source and the VOLTAGE controls can be used, to
establish the yoltage limit (ceiling) when the nup-
ply is used as a constant current source, "
1-3 ljhe power supply has baoth front and real’
terminals, Either the positive or negative output
terminal may be grounded or the power supply can
be operated floating at up to a maximum of 300

v

volts off ground /

1-4 A single*meter is used to measure elther out-
put voltage or output current in one of two ranges,
The voltage or current ranges are selected by a
METER switch on the front panel ;
I f
\ .
1-5 The programming termlnals located at the
rear of the unit allow ease In adapring to the many
operational capabilities of the power supply. A
brief description of these capablllties is given
helow: :
i a, Remote Programming

b : ;
The power supply may be programmed
from a remote location by means of an external
voltage source or resistance. ;

1

b, Remote Sensing

The degradation in regulation which
wauld occur at the load because of the voltage drop
in the lnad leads can te reduczd by using the
pcwer supply in the remote sensing mode of opera-
tion,

c, Series and Auto-fseries‘ Operation

Power sunplies may be used in series
when a higher output voltage is required in the
voltage mode of operation or when greater voltage
compliance is required in the constant current mode
of operation, Auto-Series operation permits once

- date the manual.
1nformation is glven in an appendix at the rear of

knob control of the total output voltage from a

"master" supply,

d, Parallel and Auto~Parallel Gperation

The power snpply may be operated in
parallel with a similar unit when greater output

current capabllity is required. Auto-Parallel opera- -

tion permits one knob control of the total output
current from a "master” supply,

e, Auto-Tracking
|

The power supply may be used as a
"master” supply, having control over one (or more)

"slave" supplies that furnish varlous voltages for

a system,

1- 6 ‘ Detailed Spocifications for the power supply
are glven in Table 1-1,

1~7 INSTRUMENT IDENTIFICATION

1-B  Hewlett~Packard power supplies are ldentl-
iled‘by a three-part sertal number tag, The first
part'is the power supply model number, The ,
second part s the serlal number prefix, which con-
slsts of a number-letter combination that denotes
the date of a significant design change. The num-
ber designates the year, and the letter A through L
designates the month, January through December
respectively, The third part is the powar supply
serlal number,

1-9 If the serial number prefix on your power sup-'

ply does not agree with the prefix on the title page
of this manual, change sheets are included to up-
Where applicable, backdating

the manual

1-10 ORDiERING ADDITIONAL MANUALS

1-11 One manual is shipped with each power sup-
ely. Additional manuals may be purchased from
your local Hewlett-Packard field oifice (see list at
rear of this manual for addresses). Specify the
model number, serial number prefix, and §§ stock

number provided on the title nage,

i
(
i



Spoecifications

e

tauje 1-1.
INPUT:
105-135/210-260 VAG, single phase, 50-400 Kz,
OUTPUT; | ,

0-40 volts @ 0.75 amps. ‘ ; !

LOAD REGULATION:
Constant Voltage -~ Less than 6.01% plus 4my
for a full load to no load change in output current.

Constant Cumrent ~- Less than 0, 03% plus 250pa :

for a zero to maximum change in autput voltage,
LINE REGULATION o
Constant VYoltage ~~ Less than 0.01% plus 4my
for any line voltage change within the inpat rating.
Constant Current ~- Less than 0. 01% plus 250pa
for any tine voltage change w.thin the input rating.

" RIPPLE AND NOISE: ,
. Constant Voltage -- Less than 200y rms.
Constant Current ~- Less than S00ka rms.

© TEMPERATURE RANGES:

Operating: 0 to 509C. Storage: -40 to +85°C,

TEMPERATURE COEFFIGIENT; ’
Constant Voltage =~ Less than 0.02% 'plus 1 my
per degree Centigrade,.
Constant Currént -~ Less than 0. 02% plus G. Sma
per degree Centigrada,

i i

STABILITY:

Constant Voltage -- Less thau 0.10% plus Smv
. total drift for 8 hours after an inttial warmup timan
_of 30 minutes at constant amblent. constant line
vqltag »and constant load.

Constant Current -~ Less than 0.10% plus 2.5ma
total drfit for 8 hours after an initial warmup time
of 30 minutes at constant ambient, constant line
vo!tage. and constant load. S
INTERNAL IMPEDANCE AS A CONS‘I‘ANT VOLTAGE

SOURCE: .

Less than 0. 02a from DC to 1 kHz. !

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

Less than 3. 0n from 100 kHz to,1 MHz.

TRI;NSIENT RECGVERY TIMx.t

Less than 50 psec for output recovery to within
10mv followlng 2 full load curhmt change in the
output. . 1 )
OVBRLOAD PROTECTION

A continuqusly ectlng constant current circuit '
protects the power supply far .all overloads in-
cludlng a direct short placed across the terminals

in constant voltaqklopcmthn. The constant
voltage clrcult limits the output voltage in the
constant current mode of bperation.

METFR:

The frant panel meter can be Used as elther a
0-50 ar 0-5 volt'voltmeter or as a 0-0,9 or 0-0,09
amp ammeter,

QUTPUT CONTROLS

Coarse and fine voltage controls and coarse and
fine current contrals are provided on the front
panel,

QUTPUT TERMINALS:

Three "five-way" output posts are provided on
the front panel and an output terminal sirip is o-
cated on the rear of the chassis. All power sup-
ply output terminals are isolated from the chassis
and either the positive or negative terminal may
be connectad to the chassis through a separate
ground terminal located on the output terminal strip.

)

i

ERROR SENSING:
Error sensing is normally accomplished at the
front terminals If the ioad is attached to the front

" or at the rear terminals if the load is attached to

the.rear terminals. Also, provision Is included
Ion the rear terminal strip for remote sensing.

REMOTE PROGRAMM!NG:

Remote programming of the supply output at
approximately 200 ohms per volt in constant volt-
aye is made avallablc at the rear terminals, In

+1 ¢onstant current mode of operation, the current

can be remotely programmed atapprowlmately 1000
ohms per ampere. i
COOLING: '

Convection cooling ig nmploynd Thc sup-
ply has'ne moving parts,

" SIZE:;’ S

3-1/2" H x 12-5/8" D x 8-1,/2" W. Two ofthe
units can be mounted side ry side in a standard
19" relay rack. )

WEIGHT:
. 14 s, net, 19 lbs. sbjpping.

FINIGH: IR
Light gray front Panel with dark gray case.

POWER CQRD:’ b
A three-wire, five- foot power cord ks provided
J with each unit.
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A ' INSTALLATION
o : : J - ' : i I
1. 2-1' INITIAL INSPECTION - strument to 8 source of power and it 15 ready for
ok ‘ ' Y .. operation. .
o 2~2 Beforeshipment, this instrume.t was inspected : ‘
= " ! ' . and found to be free of mechanical and electrical  2-9 LOCA’I‘ION ' o
e ' defects. , the inst tisu in- ‘
= L sp(:::t[or 2:;32;::8 u:zmn;:ar:r;:;:e :ccsg:a:lkf: " ~ 2-10' This instrument isalr cooled. Sufflcient space
=1 - . :-»j ©tranmsit, Saye all packing materials untll the Inspec~  Should bg ?lil?ttlfid 50 tg‘“g &oietrﬂ;;v :&532&“9 ;’;;
= v tion I5 completed., If damage is found, procced as ;'ta[n :;cac t(i 5 "Iia'!; ;Td ::e . edin an area \‘:hcre
— v degscrlhed in the Claim for Damage in Shipment see- " 8 ngpera on. :’ °d St n 3 500G
g & .- .. . tiow of the warranty page at the rear of this manual. the ambient temparature does not excee :
?q . ‘2-3 ' MECHANICAL CHECK 2-11 RACK MOUNTING |
= AR .
oy .. - 2+ Ihis check should copfirm that lhﬂrc are no 2-12 This Lnstrument may be rack mounted in &
- - R broken }(nun or connectorsb that the' cabinet and standard 14 inch rack panel either alongside a sim-
P .+ pancl surfaces are free of dents and scrntches. and  {lar unit or by itself. Figures 2-1 and 2-2 show how
:;_5 ., ' ’ 'th-ht' the meter {s not scratched ot crackad poln types of ins tallations are accomplished.
ﬂ_‘l; ; ‘ 2= 5 ELECTR“‘M‘ GHECK : ’ P 2-13 To mount two'units side-by ~-gide, proc.eed as
B _ G2 6 Thcinstrumentshould be checkedagainstlts + follows: ‘
= ‘" 1 electrical specifications. SectienV includes an”in~ a. Remove the four screws from the fant .
= \ o . cabinet" performance check o verlfy pruper instrument papels of both units, o :
— "‘, operation. . o _ o ‘b, Siide rack mounting ears between the
= e ' , ' . _ front panel and case of each unit. }
- \2~7 " INST, LL .'.@!‘I_P_Al& . c. Slide combining strip between the front .
% . ”,\ 2-8 The instrument i shi pped ready for hench .panals and cases of the two units. : :
== e, operntion. lt is n, cessary only to connect the in- ' d. After fastening rear portions of units to-
— gt o o i _ gether using the bolt, nut, and spacer, replace pan= .
- AT b eV R . s P .. elscrews. . ‘ 7 ,
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2~14 To mount a single ﬁnlt in the rack panel,

proceed as follows:

a, Bolt rack mounting ears, combining
_straps, and angle brackets to each side of center
gpacing panels, Angle brackets are placed behind

combining straps a5 shown in Figure 2-2,

b, Remove foq: screws from front panel of

unit, .

e c.' Slide comblining strips butween front o

panel and case of unit,

.d, Boi! angle brackets.to front sides of case

[‘ and replace, front panel screws,

o
2-15 INPUT PCWER BEQUIBEMENTs

2-16 This power supply may e operated from
I either a nominal 115 volt or 230 volt 50- 500 cycle
power source, The unit, as shipped from the fac-
i | :tory, is wired for 115 volt operation,
' power reguired when operated. from a 115 volt 60
cycle: power source at Iull load 15.70 watts and

;:-J ;0 85 amperss.

2-17 CONNBCTIONS FOR 230 VOLT OPERATION

i | (Figure 2-3)

2-18 Norrﬁully, the two primary windings of the
v input transformer are connected in parallel for oper-

The input

Pigure 2-2. Rack Mounting, One Unit,

TRANSTORMER FRIMARY
) t CONNECTED TOR
! 115 YOLT DFERATION

|

TRANST MR FRIMARY

“‘atlon from 115 volt source, To convert the power CONBECTED FOR
» - supply to operation from a 230 volt source, the R0 VOLT OPLRATION
. power transf{qyiner windings are connected in series

as follows:

a, Unplug the llne cord and remove the unit

from case,

b. Break the copper between 54 and 55 and
.aiso between 5G and S1 on the printed circuit board,

Figure 2-3,

!

RO CONKIOTIONS . \‘m;rv
50850 43 5%, AN ADE WITH
COFPER ON THE FRERTL |1 CIRGLIT
BOAAD, THISE CONNLC F{ONS
MUST BE BEMOVED PR - iy

[ OPCBATICN.  THE CONRECTIONS

’ L)‘- THE PRENTFD CIRGULT DOARD

MUST BRI BROKEN AND A sEPARNSY
FATERRAL ONNECTION ML
BETWIEN FOINTS 30 A 05,

Primary Connections

c, Add ftrap between 50 iland ‘35
d. 'Replace extisting fuse with 1 ampere,

These are shown in Figure 2-3, and are labeled om o’;q wvblt fuse, Return unit to case and operate

copper side of printed circuit board,

normally,

2-2
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o - 2-19 POWER CABLE. R 7-22 REPACKAGING FOR SHIPMENT
= 2-20 To protect opafatl,‘ng rﬁer’sonnel. the Naticnal 2-23 To nsure safe shipment of the instrument, it
= ~ Electrical Manufpeturers Association (NEMA) recom-  is recommanded that the package designed for the
i - mends that the. instrument panel and cabinet be ~ instrument be used, The original pacsaging material
;’:; grounded, This instrument is equipped with a three ' {5 reusable, [f it {5 not available, contact your
= conductor pawer cable, Tha third conductor is the local Hewlett-Packard field offic: to obtain the
T ground conductor and when the cable is plugged Into  materials, This office will a'so lurnish the ad-
=2 an appropriate receptacle, the instrument is dress o) the nearest service offica to which the
— grounded. Thﬁ offset pin on the power cable three- [ns‘tmment can be 5h1ppod. Be sure to attach a
— _ Prong connector {5 the ground connectionf ' tag to the instrument which specifies the owner,
— T i ‘ ' madel nunber, full serial number, and service re-
= ] 2-21 To preserve the protection feature when oper~ quired, or a brief description of the trouble,
N ating the instrument from a two-contact outlet, use - '
— a threéwqmng to two-prong adapter and connect {'e
= green lead,on the adapter to ground, ‘
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OPERATING CONTAJLS AND INDICATORS.

. 3-2 . The Iront panel controls and indicators, .
together with the normal turp-on sequence, are
Vo ‘ shown In Figure 3-1, '
‘] | T e

HAnm;au or, PO, WER suPpLY

3 HEWLL T PArpann .:
VELTL ] ' s
v ‘{ﬁ:ﬁ' . s i
\l:lf(l(l e, ;
f ] . . , Y oucrep
vol Tast CUNAEN Y
! X 4+ 6BND o X
’ @ O e

Oy L 2
. . ‘ .

14 o ! @) @ l ‘-

_1i SETAG POWEIR SWITCHTOON, ' Lo
" 2. OBSERVI THAT PILOT LIGHT GOLS ON, P
. 3. ' BET METER SWITCH 10O DESIRED JOLTAGL RAM-{’

ot 4. ADJUST COARSZ AND TINE VOLTAGE GONTROLS UNTIL ) S

Cn © DESIAED OUTFUT VOLTAGE 15 INDICAIED ON METIR o
EHORT CIRCUIT OUTPUT TERMINALS HET METER ey

© .. BWITCK TO PT5SIRED CURRENT RANGE. AND ADIUST - '
o * CURRENT CONTROLS FOR DESTRED OUTPUT cmu:r:m o
‘ . NEMQVE EHORT AND CONNEUT LOAD TO, QUTPUT - oo
! S TERMINALS [FRONT GR REAR),: ! . !

[ ] ) " [P e ‘ I .o

! I
: .l, ir: !

Pront Panel Controlb and Indlcato:s"

- Figure, 3-1,

' N RIS P J

f, “ ! AEYR
OPBRATING MODB m.‘ y

‘ R : O o \f!-i

G . 34 The power supply is. designed 50 that its o

iy ¢ . mode of operation can he selecied by’ makinu R :

e ‘ s:rapplng connections. betwean partch.lar termin-alsI o

' on the terminal strip at the rear ofithe 'power supply,
© The terminal desiynations are' stenéiled in white ‘on

. 'the power supply above their respective term!ﬁals )

! e )

3-3

"t 1y

‘:.iﬁl
)

" Although the strapping pattems illuetrated tn this; .. Ly

section show the pOstltve terminal grounded, the - -
operator can ground ejther terminal 'or operate the. .
_power supply up to 300 vde off ground (floatlng). ot
“The following' paragraphs,describe the procedures - *'
for utilizing the various bparatlonal capabilitles of
the power supply. A more theoritical description
concerning the ioperational featuras of this supply

' is contained in a power supply Application Manual

" and in various Tech.’ Lotlers bubltshed by the. ., Ly

" Harrison Division, GCopies of these can be ob-
talned from yon* lochl Hewlatt- Packaro ﬁeld office,

i 7 _ SECTION [T g ‘
- o i 'OPERATING INSTRUGTIONS -

[ by ' L ‘j‘-x !
‘ vl F
N sH:"' \ VOLTAGE cbntr«;ls for de{;xred output ‘voltage (out~ o

" 'b,: Short outfht terminnls and adlu-;t GUR-""

' cause unwanted crogs-over,

'3-5  NORMAL OPERATING MODE™ : ‘

) .
3-6 The power supply is normally shipped with its
rear terminal strapping connections, amanged for !
Constant Voltage / Constant Currcnl. locul sensing,
local programmlnq. slngle upit mode of operation,

This strapping pattern is tllustrated In Plgure 3-2,

The operator selects either a constant vultage or a
constant current output using the front'pansl con-

trols (local programming, no strapplng changos are
_necess ary) ;

A!AZAS A4A5.&5 AT RO A9 -5 —W++5#\IO

./ MONITORING =
' ' ) T POINTS m'.

'F‘igure 3:5.

‘ ~ Normal Strapplng,fpaix'ern _
3-7 LOI\«bTANT VOLTAGE . .

. ‘ L ‘.‘r %

J‘-’-@‘ To b'elerit a constant voltage output. pmcccd, R

as l’ollows* SRS \ R
' Tuin-on power . supply and adiust K

put te\"nlnals open). ;
ERT
RF\IT controls for.manimum putput curmm allowable o
(cur-ent limit), ag qetermlnetl by load conditlons ’
"If a load change ¢auses the cun‘e:',t Hmitto be '
exceeded, the pownr nupply will automauvdlly L oy
' crossover to constant, currqnl output at the preset, /'
currest limit and the output voltaga will drop pro=
portionately. In setting the currgnt lmft,'allow=r'1,
ance must be.made for high peak currant whicli chn
(Refer to Paragraph = .
’344) ' . o S
3‘9 CONS’I‘AN; GURRENT ’ S
G A i ‘F) '
3-10 To salect a constant current output. Froceed
as follows: « C o
'3, Short ousput terminals and adjust CUR-
"RENT controls for deslrM output curent,

v , E I
' ! ) J i




" conditions,

b, Open output terminals and adjust
VOLTAGE controls for maximum output voltage
allowable {voltage limit), as determined by load
If a load change causes the voltage
limit to be exceeded, the power supply will auto-
matically crossover to constant voltage output at
the preset voltage limit and the output current will
drop proportionately, In setting the voltage limit,
allowance must be made for high peak voltages
which can cause unwanted crossover, (Refer to
Paragraph 3~44),

3-11 CONNECTING LQAD

i
3=12 Each load should be connected to the power
supply output terminals using separate pair: of con-
necting wires, This will'mintmize mutual coupling
effects between loads and will retain full advantage
of the low output impedance of the power supply,
Each pair of connecting wires should be as short as
possible and twisted or shielded to reduce noise
plckup. (If shield is used, connect one end to
power supply ground terminal and leave the o'her
end unconnected, )

| ~ 3-13 If load considerations require that the output

e

nower distribution terminals be remotely located
from the power supply, then the power supply out-
put terminals should be connected to the remote
distribution terminals via a pair of twisted or
shielded wires and each load separately connected
to the remote distribution terminals, For this case,
remote sensing should be used (Paragraph 3-28),

3-14 OPTIONAL OPERATING MODES

3~15 REMOTE PROGRAMMING, CONSTANT VOLTAGE

1

' 3-16 The constant voltage output of the power sup-

ply can be programmed (controlled) from a remote
location If required, Either a resistance or voltage
source can be used for the programming device,
The wires 'connecting the programming terminals of
the supply to the remote programming device should
pe twisted or shielded to reduce notse plck-up,
‘The “ILTAGE controls on the front panel are
disabled according to the following procedures.

3=17 Reslstance Programming (Figure y=3), In this
mode, the output voltage will vary at a,rate deter-
- mined by *he programming coefficient -- 200 ohms
per volt (i, e, the output voltage will increase
1 volt for each 200 ohms added in serfes with pro-
gramming terminals). The programming coefficient
' 15 determined by the programming current, This
' curreni is adjusted to within 2% of 5ma at the fac-
tory.. If greater programminq accuracy is required,
it may pe achieved by changing resistor R13,
. : o r
"3-18 The output voltage of the power supply
.thould be zero volts £20 mlllivolts when zero ohms -
is connected dacross the pmgrammlnq terminals If

o . 3-2

Al A2 AY A4 AS AS AT A8 AD -8 ~ OND + +3 AID -

R

PROGRAMMING
RESISTOR

Plguré 3-3. Remote Resistance Programming
B "~ (Constant Voltage)

a zero ohfn voltage closer than this is required, it
may be achieved by changing resistor R6 or R8 as
described tn Paragraph 5-49.

3-19 To maintain the stability and temperature '
coefficient of the power supply, use programming
resistors that have stable, low nolse, and low
temperature {less than 30ppm per degree Centigrade)
characteristics, A switch can be used in conjUnc-

' tion with various resistance values in order to ab-

tain discrete output voltages. The switch should
have make-before-break contacts to avoid momen-
tarily opening the pragramming terminals during the
switching interval.

1

3-20 Voltage Programming (Pigure 3-4}. Employ
the strapping pattern shown on Figure 3-4 for volt-
age programming. In this mode, the output voltage
will vary in a 1 to 1 ratio with the programming
voltage (reference voltage) and the load on the pro-
gramming voltage source wlll not exceed 25 micro-
amperes. :

lllzt-!MMABATA!A’-!-@D++3M0

Pigure 3-4. Remote Voltage Programming
(Constant Voltage)

1 i
1

3-21 The Linpedance (Ry) looking into the extcrnal

programming yoltage source should be approximate-

ly 1000 ohms if t' ~ temperature and stability speci-

fications of the power supply are to be maintained,.
oy




'

3-22 REMOTE PROGRAMMING. OON.:U\NT
CURRENT :

A

3-23 Either a resistance or a voltage source can he

used to control the constant currant output of the.

supply, The CURRENT controls on the front panel’

are disabled according to the following procedures.

3-24 Resistance Programming (Figure 3-5), In this

mode, the output current varies at a rate determined
by the programming coefficient -~ 1000 ohnis per
ampere for Models 62018, 6202B, and $2008B (0-0,75
ampere range), nnd 500 ohms per ampere fp!r Models
62038 and 62008 (0 1.5 ampere ran?e\

’h" E‘ 'L |
Al A2 AZ A AS AS AT AD AD -5 i~ (GN0 + '0-5 A\O

PROGRAMMING Ry
RESISTOR
Remote Resistance Programming

Figure 3-5,
. ' ' (Constant Current)
I : '

The programming coefficient 15 determined by the
programming current, This current {5 adjusted to
within 10% of 2 milllamperes atthe factory. If
greater programming accuracy is required, it may be
achieved by changing resistor R19,

3-25 Use stable, low nolse, low temperature coef-

. ficient {less than 30 ppm/°C} programming resistors
. to maintain the power supply tomperature coefficient

and stability specifications: A switch may be used
to set discrete values of output current. A make-
beforz-break type of switch should be used since

- the output current will exceed the makimum rating
~ of the power supply {f the switch contacts open

during the switching interval,

' GAUTION

If the programming terminals {Al and
Ad4) should open at any time during this
mode. the output current will rise to a
'value that may damage the power sup-
ply and/or the load To avotd this pos-
'sibility, connact 3 750a resistor across
the programming terminals and in paral-
‘lel with a remote programming resistor,
Like the programming resistor; the 750
resistor should be of the low rolse,

low temperatum coeﬁiclent type,

3-26 Voltage Programming (Figure 3-8), In this ,

mode, the output current will vary lincarly with

changes: in the progrdmming voltage, The program-
ming voltage should not exceed 1,5 volts, Voltage
in excess of 1.5 volts will resuls in excessive powoer

| dissipdtion in the instrument and possible damage,

! AL AZ AD A4 AS AG AT AB AD -5 - N0 + +5 AW

REFERENCE
VOLTAGE

Figure 3-8, Remote Voltage Programming
{Constant Currunt)

3-47 The output current will be the programming

' voltage divided by 1 ohm. The current required from

the voltage source will he less than 25 m croampares,
The impedance (Rx) as seen looking into the program-
ming voltage source should be approximately 500,
if the temrerature coefficient and stability speclfi-
cations of the power supply are to be malntainod,

3-28 REMOTE SENSING (See Figure 3-7)

|
3-29 Remote sensing is used to maintaln good requ-
lation at the load and reduce the degradation of reg-
Llation which would occur due to the voltage drop
in the leads between the power supply and the load.
Remote sensing ts accomplished by utilizing the
strapping pattern shown in Pigure 3-7, The power

' supply should be turned off before changing strap-

ping patterns, The leads from the +S terminals to

‘the load will carry less than 10 milliampere of cur-

rent, and:t'is not raquired that these leads be as
heavy as the load leads, However, they must boe
twisted or shielded to minimize nolse pick-up,

Al AR A3 M A3 AG AT AB AD -5-0'0-5,-}5!’0

Figure 3-7, Rimote Sensing




L L ’JI;"" , I'*.GAUTION‘ ; o i
k Lo e Al A2 A3 A4 AS AG AT A8 AD -5 - GO + +5 AIO’
b Obscr\m polarity when connecting
‘ the nenuing inads to tl;c load,
N [} l [N .
3 30 Note’ that w Hstdesirahle to minimize the drop
- in the 1oad leads and it s tecommended that the
.. drop not. exwed 1 volt per lead if the power supply
o0 .18, to' meet'jts DC specifications. If a larger drop
K must be toleratpd pleasn consult a Hewlett-Packard
;P no fleld represenmtive. i
{ '3 31 The pmcodum just described will result In a A AZ A A4 A5 AS AT AB AD -5 BT TE ARG
i . low D@ cutput impedance at the load, If a:low AC .
- L impcdancc g ¥ required, it is recommended that the ‘
Jf - following precautions be taken: ‘ Figure 3-8, Normal Series '
Ly ~a, , Disconnect output capacitor G20, by dis- :
ﬁ & ’connecting the strap between AlLQ and +8,

T ' ,, . b, Connect a capacitor having similar MASTER '
! \ oharactorlstics (approximately same capacltance, Al AZ A3 A4 A5 A6 AT AB A9 =5 =~ GND + 45 A0

~ ' ' same voltage rating or greater, and having good

R high frequency characteristics) across the load
‘ " using short Ieads.

3-32 Although tho strapping pattems shown in

' Pigures 3-3 through 3~6 employ local sensing, note
that it is possible to operate a power supply simul-
tanaeously in the remote sensing and Constant
Voltage / Constant Current remote programming o
modes,

Al A2 A3 A4 AL A5 AT AB A9 =S - GNO + 5 AK0
NOTE W SLAVE -

It is nacessary to readjust ' : '
the current limit when the
instrument {5 operated in ) '
the remote sensing mode, ! ' MASTER

¥ \ Al A2 A3 A4 AS A6 AT AB A9 -5 - GHD +, 4S5 A0

i 3-33 SERIES OPERATION

L ' 3-34 Normal Series Connections (Fiqure 3-8),
| : Two or,more power supplies'can be operated in
' " sgerles to obtain a higher voltage than that avail-
able from a single supply, When this connection ts
used, the output voltage is the sum of the voltages
of the individual supplies, Each of the individual
supplies must be adjusted in order to obtain the
' total output voltage, The power supply contains a
y ' protective diode connected Internally across the
output which protects the supply {f one power sup-
ply is turned off while its series partner(s) is on,

. '3-35 Auto-Series Connections (Figure 3-9), The
Auto-Series configuration is used when it is desir~
'+ able to have the output voltage of each of the . Al A2 A3 A4 A3 AG AT AB A3 =5 = GKD 4 45 AlO
‘ ' series connected supplies vary in accordance with SLAVE NO, 2
o the setting of a’'control unit, The control unit is '
}}-‘ B called the master; the controlled units are called
: slaves, At maximum output voltage, the voltage
o ‘ of the slaves is determined by the setting of the Figure 3-9, AUTO-Series, Two and Threc Units
i/ " front panel VOLTAGE control on the master, The ’

3-4




mastor supply must be the most bositive supply ol
the series, The output CSURRENT controls of alt
serles units are operative ond the current limit {5
equal to the lowest control satting,
CURRENT controls are set too low, automatic
crossover to constant current operation witll occur
and the output voltage will drop, Remote sensing
and programming can be used; however, the strap-
Plng arrangements shown In'the applicable figures
show local sensing and programming,

,3=36 In order to malntain the temperature coeffi-
clent and stability specifications of the power sup-
ply, the external resistors (Rx) shown in Pigure 3-9
should be stable, low 10ise, low temperature coef-
ficient (less than 30 ppm per degree Centigrade)
resistors, The value of each resistor is dependant

on the maximum voltage rating of the "master” sup- .

ply, The value of Ry L5 this voltage divided by the
voltage programming current of the slave supply
(l/Kp where Kp is the voltage programming coeffi~
cient}, The voltage contribution of the slave s
determined by its voltage control setting,

3-37 PARALLEL OPERATION

3~38 Normal Parallel Connections {Figqure 3-10),

Two or more power supplies can be connected in -
parallel to obtaln a total output current greater than
that available from one power supply, The totali
output current 15 the sum of the output currents of-
the individual power supplies, The output GUR~
RENT controls of each power supply can be sepa-
rately set, The output voltage controls of one
power supply should be set to the desired cutput
voltage; the other power supply should be set for
a slightly larger output voltage, The supply set to
the lower output voltage will act as a constant
voltage source; the supply set to the higher output
will act as a constant current source, dropping its
output voltage until it equals that of the other sup-

ply.

Al AZ A3 &4 AD AS A7 AB A9 =5 ~ GND + 45 AID

Al AZ 13 l4 AS AG AT A8 AB =5 =~ GND 4+ +35 AI0

Figure 3~10, Nommal Paratlel

3-39 Auto=7 rallel,

If any output

The Strapping Patterns for
Auto-Parallcl operation of two and three power sup-
plies are shown in Figure 3-11, Auto-Paratle}
operation permits equal eurrent sharing nnder all
load conditions, and allows complete contro) of
output current from one master power supply, The
output current of cach slave is approximately cquali
tothe master's. Because the output current con-
trols of each slave are operative, they should be
sct to maximum to avoid having the slave revert to
constant current operation; this would occur if the
master output current setqng nxceeded the slave's,

’

MASTER
Al A2 A3 A4 A3 AG AT AB AD ~5 - GND + 45 AID

CAE AZ A3 K4 A3 AS AT AB A3 -5 - G) 4 4S5 AID
SLAVE

MASTER
Al R2 AY A4 A3 RE AT AB AD -5 - GND 4+ 45 A0

SLAVE NO.|

|@I@|@¢@¢@ S

Al A2'AY A4 A3 AG AT AB AD S5 — GND + 45 AID
SLAVE NO. 2

i

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




3-40 AUTO-TRACKINC QPERATION (Seo Figure 3-12)

3-41 The Auto-Tracking configuration is used when
it is necessary that severnl different voltages
refarred to a common hus, vary lh proportion to the
sctting of o particular instrument (the control or
master), A fraction of the master's output voltage

i5 fed to the conlparison amplifier of the slave sup-
ply, thus controlling the slave's output, The mas-
tar must have the largest output voltage of any
power supply in the group (must be the most posir
tive supply in the example shown on Iigure 3-12),

3-42 The output voltage o the elave is o percent-
nge of the master's output voltage, and Is deter-
mined by, the voltage divider consisting of Ry {or Rx
and Ry) and the voltage control of the slave supply,
Rp where: Eg = Rp/(Ry+Rp). Turn-on and turn-off
of the power supplies is controlled by the master,
Remote sensing and programming can be used; al-
though the strapping patterns for, these modes show
only local sensing and programming, In order to
maintain the temperature cocfficient and stability
gpecifications of the power supply, the external
resistors should be stable, low noise, low tempera~
ture {less than 30ppm peroC) resistors.

3-43 SPECIAL QPERATING CONSIDERATIONS
.

3-44 PULSE LOADING

3-45 The power sapply will automatically cross
over from constant voltpge to condtant current
operation, or the reverse, in response to an in-
craease {over the preset limit) in the output current
or vollage, respectively, Although the preset
limit may ba set higher than the average cutput
curren: or voltage, high puak currents or voltages
{as occur .n pulse loading) may exceed the preset
llrnit and cause crossover to occur, If this cross-
over limiting is not desirad, set the preset Limit
for the peak requirement and not the average,

t
o

3-6

MAZ AY A% AD Mi AT A8 AR -5 - GND + +8 Al

ATA
SRS

MASTER™

Al A2 A3 A4 AD Au AT AB AD -5 - \GHD 4 +5 AW
SLAVE

1
# MASTER MADTT D IYESITEVE SUPPLY

MASTER™
Al A2 A3 A4 AS AS AT AB A3 -8 = GNO + +S Al0

Al AZ A3 A4 AS AG AT A8 A9 =5 = ONO + 45 AO

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

t



3~-46 QUTPUT CAPACITANCE

3-47 Thete is a capacitor {internal) across the out-
put terminals of the powar supply, This capacitor
helps to supply high-current pulses of short dura-
tion during constant voltage operation, Any capac-
itance added externally will improve the pulse cur-
rent capabtlity, but will decrease 'he safety pro-
vided by the constant current civcut, A high=-cur-
rent pulse may damage load componr nts before the
average output curren . i5 large enough to cause the
constant current circult to operate,

3-48 The effects of the output capacitor during
constant current operation are as follows:

a. 'The output impedance of the power supply
decrsaset with increasing frequency.
‘ b, The recovary time of the output voltage is
longer for load resistance changes,

¢, A large surge current causing o high power
power dlssipation in the load occurs when the load
resistance is reduced rapidly,

!

3-49° REVERSE VOLTAGE LOADING

3-50 A diode Is connected across the output termi~

nals, Under normal oporating conditlons, the

dtode {5 reverse blased {anode connected to nega-
tive tarminal}, If a reverse voltage Ls applied to
the output terminals {positive voltage applied to
negative terminal), the diode will conduct, shunting
current across the output terminzls and limiting the
voltage to the forward voltage drop of the diode,
This diode protects the series transistors and the
output electrolytic capacltors,

3-51 REVERSE GURRENT LOADING

3-52 Actlve loads connectad to the power s 1pply
may actually dellver a reverse current to *he power
supply during a poition of Lt's operating cycle, An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage to the output capacitor, To avoid
these effects, it is necessary to preload the sup-
ply with o dummy load resistor so that the power
supply delivers current through the entire operating
cycle of the load device,
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'Plgure 4-1;

~1 ' QVERALL BLOCK DIAGRAM DISCUSSION

4-2 The power supply, as shown on the overall
LA “block diagram on Figure 4-1, consists of 'a power
‘ transformer, a rectifier and ﬁlter.','t’z series regula~
tor, the mixar and error amplifiers, an "OR" gate, .
a constant voltage input circuit, a constant current
i input cifcuit. a referunce regulator circuit, a blas
supply,’ dnd a metering circuit,

Co) ;
4-3 , The input iine voltage passes thmugh the
powar transformer to the rectifier and filter wrere
; . it is converted to raw DC, The DC current pusses
' i, throuqh the serles regulator to the positive output
terminal via a current sampling resistor. The requ-

%1 - lator, part of the feedback loop, is made to alter
i it's conduction to maintain a constant output

voltage or current,

PATH

Overall Block Diagram S ,

3 ’i

The volfage developed across -
the current sampling resistor is the input to the
constant current input clrcult The qutput voltage
of the power supply is sampled by the voltage in~
put clrcuit by means of the sensing terminals (:8),
Any changes in output voltage / current are
detected in the constant voltage/constant current
input circult, amplified by the mixer and error
amplifiers, and applied to the series regulator fn
the correct phase and amplituds to counteract any
change in output voitage/output current,
ence clircuit provides stable reference voltages
which are used by the constant voltage/current in-
put circuits for comparison purgoses, The bias
supply fumishes voltages which are used through-
out the instrument for biasing purposes, The meter
circuit pmvides an fndication of output voltage or
current, :

The refer-.
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Figure 4-2, Simplified Schematic

Lo

4-4  SIMPLIFIED SCHEMATIC

4-5 A simplified schematic of the power supply

_is shown in Pigure 4-2, It shows the operating
controls; the ON-off switch, the voltage program-

ming controls (R10A and R10B), and the current
programminyg controls {R16A and R16B), The METER

_switch, 'tneluded in the meter circuit block on '

Figure 4-2, allows'the meter to read output voltage
or, current {n elther of two ranges, Figure 4-2 also
shows'the intema! sources of bias and reference

R voltages and their nominal magnitudes, Diode
~ CR34, ‘conneated across the output terminals of the

}

'
1

power supply, {s a protective davice which pre~
vents Internal damage that night occur if a reverse
voltage were applied across the output terminals,
Output capacitor, C20, is also connected aCross
the output terminals when the normal strapping
pattern shown on Figure 4-2 is employed, Note -
that this capacitor can be removed if an increase
fn the programming speed is desired. Under these
conditions, capacltor C19 serves to insure loop
stability, . :
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4-6  SERIES REGULATOR

4-7 The .geries regulator consists of transistor

' stages Q6 and Q7 (see schematlc at rear of manual},

The transistors are connected In parallel 5o that
approximately half of e sutput current flows
through each one. The regulator serves as a scries
control element by altering it's conduction so that
the output voltage or current is kept constant, The
conduction of the transistors is controlled by the
feedback voltage from the arror amplifier, Diode
CR11, connected across the regulator circuit, pro~
tects the series transistors against reverse voltages
that could develop across them during parallel or
auto-paratlel-operation if one supply is tumed on
before the other, ‘

. 4-8 CONSTANT VOLTAGE INPUT C[RCU[T

{Pigure 4-3)

4-9  The circult consists bf the coarre and fine
programming resistors . (R10A and R10B), and a dif-

ferentiai amplifier stage (Ql and associated compo-

nents}, Transistor Ql consists of two silicon
transi{stors housed in a single package. The
iransistors have matched characteristlcs minimizing'
differential voltages due to mismatched stages,
Moreover, drift due to thermal differentials is mini-
mized, since both transistors operate at essentially
the same temperature,

4-10 The constant voltage {nput circuit continuous=-
ly compaves a fixed reference voltage with a portion
of the output voltage and, if a difference exists,
produces an error voltage whose amplitude and
phase is pruportional to the difference, The error
output Is fed back to the series regulator, through
an OR gate and the mixer/error amplifiers, The
error’ voltage changes the conduction of the series
regulator which, in turn, alters the output voltage
50 that the difference between the two input
voltages applied to the differential amplifier is
reduced to zerc, This action maintains the output
voltage constant,

4-11 Stage Q1B of the differential amplifier is
connected to a common (+8) potential through 1m=
pedance eaualizing resistor R5, Resistor R6 and R8
are used to zero'bilas the input stage, offsetting
minor base to emitter voltage dlffemnces in Ql,

The base of QLA Is connected to a summing noint

at the junction of the programming resistors and the
current pullout resistor R12, Instantaneous changes
in output voltage result in an increase or decrease
in the summing point potential, QIlA is then made
t= conduct more or less, in accordance with .
summing point voltage change. The resultant out-
put error voltage is fed hack to the series requlator
via the remaining components of the feedback 'oop,
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Figure 4~3, Constant Voltage Input Gircuit, Simplified Schematir'
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Resistor Rl, in series with the hose WiIA, limits the
current through the programmlng reststors during
rapid voltage turn-down, Diodes GR1 and CR2 form
a limiting network which prévent excessive voltage
excursions from over driving stage QlA, Capacitors
C1l and C2, shunting the programming res{stors,
fncrease the high frequency gain of the input ampli-
fier. Resistor R13, shunting pullout resistor R12,
serves as a trimming adjustment for the program-
ming current, : .

4-12 CONSTANT CURRENT INPUT GIRGUIT
(Pigure 4-4}

4-13 This circuit is similar in appearance and
operation to the constant voltage input circuit, It
consists of the coarse and [ine current programming
reststors (R16A and R16B), and a differential ampli-
fier stage {Q2 and associated components}, Like
transistor Q1 in the voltage input circuit, Q2 con-
sists of two transistors, having matched character-
istics, that are housed {n a single package,

4-14 The constant current lnput circuit continuous-
ly compares a fixed reference voltage with the
voltage drop across current sampling resistor R54,
If a difference exists, the differenttal amplifier
produces an error. voltage which I5 proportional to
this difference. The remaining companents in the

LY §

foedback loop (amplifiers and series regulator)
function to maintain the drop across the current
sampling resistor, and consequently t“q output cur~
rent, at a ednstant value,

4-15 Stage Q2B is connected to the +5 through
impedance equalizing resistor R26, Resistors R25
and R28 are used to zero bias the input stage, off-
setting minor base to.emitter voltage dlffe,rences in
Q2Z. Instantaneous changes in output current on the
positive line are felt at the current summing point
and, hence, the base o, Q2A, Stage Q2A varies its
conduction {n accordance with the polarity of the
change at the summing point, The change in Q2A's
conduction also varies the conduction of Q2B due
to the coupling effects of the common emitter
resistor, R22, The error voltage is taken from the
collector Q2B and fed back to the series regulator
through OR-gate diode CR4 and the remaining com=
ponents of the f2edback loop, The error voltage
then varies the conduction of the regulator so that
the output current is maintained at the proper level,

4-16 Reststor R20, in conjunction with R2 and C3,
helps stabilize the feedback loop, Diode CRS
limits voltage excursions on the base of Q2A,
Resistor R19,. shunting the pullout resistor, serves
as a trimming adjustment for the programming cur-
rent flowing through R16A and B,
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Figure 4-4, Constant Current Input Gircuit, Sﬁnp!l!ied Schematic
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4-17 VOLTAGE CLAMP CIRGUIT (Figure 4-5}

i 1
4-18 During constant current operation the con-

stant voltage programming reststors are a shunt load
across the output terminals of the power supply., If
the output voltage changed, the current through
these resistors would tend to change resulting in an
output current change. The clamp circuit is a return
path for the voltage programmling current, the cur-
rent that normally flows through the programming
resistors, The circuit maintains the current into
the constant voltage summing point (A6) constant,
thus eliminating the error due to shunting effects

of the constant voltage programming resistors,

4-19 The voltage divider, R51, R52, and CR3l,
back biases CR30 and Q10 during constant voltage
operation. When the power supply goes into con-
stant current operation, CR30 becaomes forward
biased by the collector voltage of QlA. This
results in conduction of Q10 and the clamping of the

. summing point at a potential only slightly more

negative than the normal constant voltage potential,
Clamping this voltage at approximately the same
potential that exists in constant voltage operation,
results in a constant voltage across, and conse=

quently a constant current through, the current pull-

out resistor {R12), .

4-20 MIXER AND ERROR AMPLIFIERS (Figure 4-6)

' 14-21 The mixer and error amp!ifiers amplify the

error signal from the constant voltage or constant
current tnput circult to a tevel sufficlent to drive
the serles regulator transistors, The emitter btas

bl
1

cry?
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P
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_{

VOLTAGE
SUMMING
POINT

Plgure 45, Voltage Clamp Circuit

5,2V +5

potential for mixer amplifier Q3 is established by
emitter follower Q17, Transistor QJ recelves the
error voltage input from either the coastant voltage
or constant current circult via the OR-gate diode
{(CR3 or CR4) that Is conducting at the time, Diode
CR3 is forward biased, and CR4 reversed biased,
during constant voltage operation, The reverse is
true during constant current operation,

4-22 The RC network, composed of C5 and R30, is
an equalizing network which provides for high fre~-

.guency roll off in the loop gain response in order

stabllize the feedback loop. Emitter follower
transistors Q4 and Q5 are the error amplifiers
serving as the driver and predriver elements,
respectively, for the series regulator, Translstor
Q4, together with dicde CR17, provides a low resi
tance discharge path for the output capacttance of
the power supply during rapid down programming,
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E ’ Figure 4-6, Mixer and Error Amplifiers, Simpllﬂed Schematic




A-23 REFERENCE CIRGUIT

4-24 The reference circult (sce schematic) is o
feedback power supply similar to the main supply,
It provides stable roference voltages which are
used throughout the unit. The reference voltages
are all derived from smoothed dc obtained from the
full wave rectifier (CR22 and CR23) and filter capa-
citor G10, The +6, 2 and -6, 2 voltages, which are
used in the constant voltage and current input cir-
cuits for comparison purpoeses, are developed
across temperature compensated Zener diodes VR1
and VR2, Resistor R43 limits the current through
the Zener diodes to establish an optimum bias level.

4-25 The regulating circult consists of series regu-~
lating transistor Q9 and error amplifier Q8, Output
voltage changes are detected by QB whose base is

AT

connected to the junction of a voltage divider (R41,
R42) connected directly across the supply, Any
error signals are amplified and inverted by Q8 and
applied to the base of series transistor Q9, The
geries element then alters Its conduction in the
direction and by the amount necessary to maintaln
the voltage across VR1 and VRZ constant, Resistor
R46, the emitter resistor for Q8, Is connacted in a
manner which minimizes ~hanges in the reference
voltage caused by variations in the input line,
Qutput capacitor C7 stabilizes the regulator loop,

4-26 METER CIRCUIT (Figure 4-7) ,

4-27 The meter circuit provides continuous indica-
tions of output voltage or cvrrent on a single multi-
ple range meter. The meter can be used either as a '
voltmeter or an ammeter depending upon the position
of METER switch 52 on the front panel of the supply,
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'1;11[5 switch also selects one of two meter ranges on
tach seale, The metering clrcuit consists basically
of a selection circuit (switch §2 and assoclated
voltage dividers), a stable differential amplifier
stage (Q11 through Q14), and the meter movement,

4-28 The selection circuit determines which
voltage divider Is connccted to the differential
amplifier input, When S2 {5 in one of the voltage
positions, the voltage across divider R58, R60, and
R61 {connected across the output of the supply) is
the input to the differentia! amplifier, When S2 is
in one of the current positions, the voltage across
divider R56, R57, and R58 (connected across cur~
rent sampling resistor R54) Ls the input to the dif-
ferential amplifier, ‘The amplifled output of the dif-
ferential amplifier is used to deflect the meter,

4-29 Theo differential amplifier is a stable device

kaving a fixed gain of ten, Stage Q11 of the differ- '

ential amplifier receives a negative voltage from the
applicahle voltage divider when 52 is in one of the
voltage positions while stage Q13 is connected to
the +5 {common) terminal, WIith 82 in a cumrent
position, stage Ql3J receives a positive voltage from
the applicable voltage divider while stage Q11 is
connected to the +S terminal, The differential out-
put of tae amplifier is taken from the collectors of
Q12 and Ql4. Transistor Q15 is a constant current
source which sets up the proper hlas current for the
amplifier, Potentiometer R63 permlts zerolng of the
meter, The meter amplifier stage contains an in-
herent current limiting feature which protects the
meter movement against overloads, For example,

if METER switch 52 is placed in position 4, {low
current range) when the power supply is actually
delivering a higher ampere output. the differential
amplifiers are quickly driven into saturation, This
action limits the current through the meter to a safe
value. '

4-30 Figures 4-8 and 4-9 show the meter connec-
tions when S2 i5 in the higher voltage and current
positions, respectively, ' For the sake of simplicity,
some of the actual circuit components are not shown
on these drawings,. With METER switch S2 in the
higher voltage range, position (2}, the voltage drop
across RS9 is the input to the meter amplifier and
the meter indicates the output voltage across the

+3 and -5 terminals, For low output voltages, S2
can be switched to position 1 resulting in the appli-
cation of a larger percentage of the output voltage
{drop across R59 and R60) to the meter amplifier,

4-31 With 52 in the higher current range position
{Figure 4~9) the voltage drop across R38 is applied
to the meter amplifier and the meter indicates the
output current which flows through RS54, For low
values of output current, 52 can be switched to

¥ 1

Figure 4-8, Voltmeter Connections,
Simplified Schamatic

SERIES
REG

Figure 4-9, Ammeter Connections,
Simplified Schematic '

1

- position 4 and the voltage drop across R537 and R58

is applied to the meter amplifier,
4=32 QOPERATION QF REGULATING FEEDBACK LOOP

4-33 THe feedback loop functions continuously to
keep the output voltage constant, during constant
voltage operation, and the output current constant,
during constant current operation, For purposes of
this discussion, assume that the unlt ts in constant
voltage operation and that the programming reslstors
have been adjusted so that the supply Is ylelding
the desired output voltage. Further assume that the
output voltage instantaneously rises {goes positive)
due to a variation in the external load circuit,

4-34 WNote that the change may be in the formof a -
slow rise in the output voltage or a positive going
ac signal, An ac signal is coupled to summing
point A6 through capacitor Cl and a dc voltage is

. coupled to _AB through R10,

4-35 The rise in output voltage causes the voltage
at A6 and thus the base of QlA to decrease (go
negative}, QA now decreases its conduction and
its collector voltage rises. The positive gotng error

voltage is amplified and inverted by Q3 and fed to

P T




the bases of series transistors Q6 and Q7 via
emitter followers Q5 and Q4. The neyatlve going
input causes Q6 and Q7 to decrease their conduc-
tlon so that they drop more of the line voltage, and
reduce the output voltage to its original level,

4-36 If the external load resistance is dacreased
to a certain crossover point, the output current
increases unttl transistor Q2A begins to conduct,
During this time, the output voltage Las also de-
creised to a level so that the base of Qlpis ata

|
P

4-8

high positive potential, With Q1A in full conduc-
tion, fts collector voltage decreases by the amount
necessary.to back blas OR gate diode CR3 and the
supply ts now in the constant current mode of opera-
tion, The crossover point at which constant cur-
rent operation commences is determined by the
setting of CURRENT control R1&, The operation of
the feedback loop during the constant current opera-
ting mode i5 similar to that occuring during con-
stant voltage operation except that the input to the
diffeventtal amplifier comparison circuit is obtalned
from current sampling reststor RS54,
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formance ‘check {Paragraph 5~10} should be made,
This check is sultable for incoming inspection, ‘If
a fault is detected in the power supply while:
making the performance check or auring normal
operation, proceed to the troubleshooting pruce~
dures (Paragraph 5-~28}, After troubleshooting and
repair (Paragraph 5-38), perform any necessary ad-
justments and callbrations (Paragraph 5-40),'

Before rewrning the powar supply to normal opera-
tion, repeat the performance check to ansure that
the fault has baen properly corracted and that no
other faults exist, Before doing any maintenance
checks, turn-on power supply, allow a half-hour

" warm-up, and read the general {nfomaticn re-
gardlng measurement techniques (Paragraph 5-3},

QENERAL MEASQREMENT TECHN[QUL
: 5—4 The measurlng device must be connected

" across the sensing leads of the supply or as close

'

- shown In Figure 5-1,

" to the output terminals as possible when measuring.

the oqtput impedance. transisnt response, regula-
tlon, or ripple of the power. supply in order to
achieve valid measurements, A measurement made
across the load tncludes the impedance of the leads

‘1o the load and such lead lengths can eastly have

an Impedance several orders of magnitude greater
than the supply impedance, thus invalidating the

: measurement,

§=-5 The monitoring device should be connected
to the +5 and -8 term.nals (see Figure 3-2) or as
. The performance characteris-
tics shou.d never be measured on the front termi-

/nals {f the load {5 connected across the rear termi-
" nals,
' Itha frort terminals, the monitoring leads are con-

nected at A;' not B, as shown in Figure 5-1,

Note that when measurements are made at

~ Pallure to connect the measuring device at A will

result in a measurement that includes the resist-
ance of the leads between the output termmals
and the potnt o[ connection,

b

. t
i

‘ atum rise will be minimized,

' [
5-6 = For output current measuremants, the current
sampling resistor should be a four-terminal resistor,
The'four terminals are connected as shown in
Figure 5-2, In addition, the resistor should ke of

i ._ ~ MAINTENANGE
5-1 INTRODUGTION
" 5=2 Upon receipt of the power supply, the per-

_the low noise, low temperature coefficient (less

than 30 ppm/°C) type and should be used at no
more than 5% of its rated power so that its tomper-

LA

’ OUTFUT TERMINAL
: ﬁ ;
LOAD LEAD—. ' i

!

MONITOR HERE |

‘Figure 5-1, Front Panel Terminal Connections

CURFENT SAMPLING TERMINALS

EXTERNAL'
LCAD

T0 UNGROUNTED A TO GROUNDLD
TERMINAL OF TERMINAL OF
POWER EUPPLY EAMPLING POWER SUPPLY

' ‘ RESISTOA

. LOAD
TERMINALS

Figure 5-2, Output Gurrent Measirement Technique
' |

57 When using an oscilloscope, ground one
terminal of the power supply and then ground the
case of the oscilloscope to this same point, Make
certain ihat the cas~ 1s not also grounded by soms
ov..er means (power line), Connect both oscillo~
scope input leads to the power supply ground termi~
nal and check that the oscilloscope is not exhi-
biting a ripple or transient due to ground loops,
pick-up, or other means, ‘

5-8 TERT EQUIPMENT REQUIRED °

5-9 Tahie 5~1 lists the test aquipment requiced to
perform the various procedures describad in this
Sectian,




| Table 5-1, Test Equipment Required
o REQUIRLD o RECOMMENDED
TYPE « CHARACTERISTICS Ub\L MODEL
Differential . Eensltivity: imv full scale Measure de valtagos: i 3420
{min,}. Input Impedance: callbration procuedures {Sce Note)
10 megohms (min,),
Varfeble | | Range; 90-130 volts. Equip- | Vary AC input -——
Voltage ped with voltmeter accurate
Transformer wlithin : volt,

AC Voltmeter

'

Accuracy 2%. Sensit. "ity: Imv
full scale deflection (min.).

Measure AC voltages and
ripple

g 4038

Oscilloscbpe Sensitivity; 100pv/cm, Diffor- Dlsplay transient response #¢ 140A plus
: ential input. waveforms 1400A plug in,
Oscillator 'Ronge: 5Hz to 600KHz, Accu- Impedance checks & 200CD
racy: 2%.
Accuracy: 1%, Input resist- Measure dc voltages ‘ ¢ 412A

DC Voltmeter

‘ance: 20,600 chms/volt (min,),

I
Repetitive
Load Switch

Rote; 60-400H2, 2usec rige
and fall time,

Measure transient response

Sie Figure 5-7

Resistor Value: Sce Paragraoh 5- M Load Resistor -
' ! +5%, 75 watts,

' Resistor Value: See Figure 5-4, %, Current sampling —~——
200 watts, 20ppm, 4-Terminal, '

Resig.~r 1Ka x1%, 2 watt non-inductive - Measure tmpedance -————

Resistor 100 ohms, 5% 10 watt Measure impedance .

Resistor Value: See Paragraph 5-50, Callbrate progremming current -
+0,1%, 5 watt, , ‘

Resistor 'Value: See Paragraph 5-53, Calibratc programming current ———— '
+0,1%, 5 watt, / .

Capacitor 500uf, 50w vdc. Measure impedonce ----

‘5-2
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Table 5-1. Test Fquipment Required {Continued)

* _ , REQUIRED - _ ‘ RECOMMENDED

~ - TYPE CIARACTERISTICS | USE MODEL

. J ]

- Decade Range: N-150K (min,). Accu- Measure programming ——
-1 ‘ Resistance racy: 0.1% plus 1 ochm, Make~ coefficients

= ‘ Box before-break contacts,

- : }

:I . N H }! 1

) -
— i NOTB o ‘ POWER 5UPPLY ' REFFRENCE -
— N t . ! . URNDER TEST VULTAGE

¥ A satisfactory gubstitute for o differon~ \1 FOURCE
- . tial voltmeter, i5 to arrange a reference 90 ,:( , ren
B | voltage source and null aetector as 7 N\ I

y i . shown In Figure 5~3. The reference volt-
\ | age source is adjusted so that the volt-
¢y age difference between the supply belng

' 'measured snd the reference voltage wilt ‘

, - have the required resolution for the NULL DETECTOR

c l measurement being made. The voltage

- ‘ - dlfference will be a function of the null - -
‘detector that is used. Examples of : Lp y
satisfactory null detectors are; @419A

null detector, a dc coupled oscilloscope

- : utilizing differentinl input, or a 50mv

LoAD

- meter movement with a 100 division Figure 5-3. Differential Voltmeter Substitute,
scale, For the latter, a 2mv change in - Test Setup
. voltage will result in a meter deflection
4 ‘ y,  of four dlvisions, _
. ' 5-10 TRRFORMANCE TEST _
V] y . . :
" C CAUTION 3-11 The following test can be used as ar in-
- coming Inspection check and appropricts portior | -
T - Care must be exercised when using an . ‘ of the test can be repeated either to check the
electronic null detector in which one .| operation of the instrument after repairs or for _
input terminal is groutided to avold : | periodic. maintenance tests, The tests are per- - —
ground loops and clrculating currents. formed using a 115Vac 60Hz, single phase input B

power source, If the correct result is not obtained
_ ' for & particular check, do not adjust any controls;
- . proceed to troubleshosting (Paragraph 5-28).
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5-12 CONSTANT VOLTAGE TESTS

5-13 Rated Qutput and Meter Accuracy, P

5~14 Voltage, Proceed as follows:

a, Connect load resistor across rear output
terminals of supply, Resistor value to be'as
follows:

Made] No, 6200B 6201k 62028 62038
Resistance (Ohms) 53 13 53 2.5

b." Connect differential voltmoter across +5
and -8 terminals of supply observing corract polar-
“Yﬁ .':

e

. . Set METER switch to highest voltage
runge {and RANGE switch to 40V for Model 6200B)
and turn on supply,

- d, Adjust VOLTAGE controls until front panel
meter Indicates exactly the maximum rated output .
voltage, .

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

" 5-15 Current, Proceed as follows: !

a. Connect test setup shown in Figure 5-4,

k. Tum GURRENT controls fully clockwise. ,

. ¢, Set METER switch to highest current rangd
{and RANGE switch to 20V mode for Model 6200B)
and turn on supply,

d, Adjust VOLTAGE controls until front panel
meter Indicates exactly the maximum rated output
current, .

_ e. Differential voltmeter should read 1,5 2
0,03 Vde, - ' |

. ALATANG Y b
MOLEL N Fl;txl TANCE L Eﬁ;’_ ;
&2C0R 1 1
: 62018 1 i .
POWER SUPPLY 62028 ? 51
UNDER TEST (331 1,40 PR :
. : +* - RV
§99 LOAD DIFFERENTIAL
RESISTOR VOLTMETLR
1
' i
- +G
CURRENT 4
SAMPLING QP
RESIBTOR

Figure 5~-4, OQutput Current, Test Setup

5-16 ILgad Reaqulation, To chack constant voltage

‘load regulation, proceed as follows: |

a, Connect test setup as shown In

Figure 5-5,

[ TIRAEES / R
Conor oty / 6
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o e
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L Ly i i1l
g INOHE 1 12
T PR ! 5
“-";; nitIe . 5,50 2
[
DIFFERENTIAL .
SOLIMETIN
‘.‘,\_) .

Figure 5-5, Load Regulation, Constant Voltige

b, Turn GURRENT controls fully clockwise,

¢, Set METER switch to highest current range
{and RANGE switch to 40V for Model 6200B) and turn
on supply. ‘

1, Adjust VOLTAGE cuntrols until front panel
me*er indicates exactly the maximum rated output
current, !

e, Read and record voltage indicated on dif-
ferentiat voltmeter, J
b f. Disconnect load resistors,

l 9. Reading on differ.....u voltmeter should

not vary from reading recorded in step e by more
than the foilowing: :

6200B 6201B 6202B 62038
+8 +6 +B x5

Model No, -
Vartation (mvdc).

. 3-17 Line Requlation, To check the line regulation,

‘proceed as follow.:
] .

! 2. Connect varfable auto transformer '
between input power source and power supply
power input, ‘ : _ o

: b, Turn CURRENT controls fully clockwise,

c. Connect test setup shown in Flgure 5-5,

" d. Adjust variable auto transformer for 105
VAC input, ‘

e. Set METER switch to highest voltage *
range (and RANGE switch to 40 V for Model 6200B)
and turn on supply, C

f. Adjust VOLYAGE controls until front panel
meter indicates exactly the maximum rated output
voltage, .

g, Read and record voltage indicated on dif-

" ferential voltmeter,

h. Adjust variable auto transformer for 125
VAC input, '




i, Reading on differential voltmeter should
not vary from reading recorded in step g by more
than the following:
Model No,
Variativn {mvdc)

5-18 Ripple and Notge, To check the ripple and
noise, procead as follows:

6200B 62018 62023 62030
=8 %6 %8 +3

i, Retaln test setup used for previous line
ragulation test except connect AC voltmeter across
output terminals as shown in Figure 5-6, '

b, Adjust variable auto transformer for 125
VAC input,

¢, Set METER switch to highest current range
{and RANGE switch to 40V for Model 62008),

d, Turn CURRENT controls fully clockwise
and adjust VOLTAGF. controls until front panel meter
indicates exactly the maximum rated output current,

e, AC voltmeter should mad less than '
0. 20mv, '

™)

e
rOWER EUFPLY
UNDER TEST

LOAD RESISTORS

AC VOLTMETER
k 1w0)8

ﬁip

/

1

Figure 5-6, Ripple and Nolse, Constant Voltage

5-19 Transient Recovery Time, To check the
transient recovery time proceed as follows:

a, Connect test setup shown in Figure 5-7,

b. Turn CURRENT controls fully clockwise,

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

d. Adjust VOLTAGE controls until front panel
meter indicates exactly the maximum rated output
current, .

e,

POWER BUPPLY.
UNDER TE5T

Close line switch on repétitive load

switch setup,
f. Adjust 25K potentiometer until a stable

display is obtained on oscilloscope, Waveform

should be within the tolerances shown in

Figure 5-8 (output should return to within 10 mv of

original value in less than 50 microseconds),
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THIS DRAWING SHOWS

A SUGGESTED MLTHOD
OF BUILDING A LA
SWITCH  HOWEVER,
OTHER METHODS COULD
BE USER: SUCH AS A
TRANSISTOR EWITCHING
NETWORK. MAXIMUM
LOAR RATINGS OF LOAD
SWITCH ARL; 5 AMPS,
00V, 150W [NGT 2500w}
USE MERCURY RELAY;
CLARE TYFT MGP 1002 OR
W.E, TYPL 2748,

VE N
L‘P AD. SWITEH NOTE ) N 3 USE WIRE WOUND RESISTOR
MODEL NO, —7—:;’“ ‘N"—p—"—-:'yu— MODEL N “EI%}:N : (gi'm)
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Figure 5-7.
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Figure 5~8, Transient Response, Waveforms
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5-20 OUTPUT IMPEDANCE

5-21 To check the output impedance, procecd 0§
follows:

a, Conract test setup shown tn Figure 5-9,

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

¢, Adjust VOLTAGE controls until front panel
meter reads 20 volts (5 volts for Model 62038 sup-
plies),

d, Sot AMPLITUDE control on Oscillator to
10 volts {Ejy), and FREQUENCY control to 1.0 Hz,

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

f. Calculate the output impedance by the
following formula:

EaR
zout = Ein ~Eg
Eg = rms voltage across power supply out~
put put terminals,
R= 1000
Ejn = 10 volts

g. The output Impedance (Zoyt) should ba
less than 0, 020 ohms,

h. Using formula of step [, calculate output
impedance at frequencies of 50Kc and 500Kc,
Values should be less than 0,5 ohm and 3, 0 chms,
respectively,

The oscillator frequency is equivalent to [ in the
equation. The output inductance should be loss
than 20 microhenries,

- NOTE

The equation assumes that X, is
much greater than Rgy: and there-
fore XL 20ut,

5-24 CONSTANT CURRENT TESTS

5-25 Load Requlation, To check the load requla~
tion, proceed as follows:

a, Connect test setup as shown in
Figure 5-10, .

b. Tum VOLTAGE controls fully clockwise,

c. Sek METER switch to highest current
range (and RANGE switch to 20V for Model 6200D)
and turn on supply,

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

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

f. Short out load resistor by closing switch
sl, ! )

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

62008 6201B 62028 6203B
0,70 20,70 0,950 £0,575

! VOLTMETER VOLIMLIER
B oAy p o4y p
INDICATES E,, INIICATES £,
?P° ?7°
b
POWER SUPPLY OSCILIATOR
UNDER TEST % 200 CD
» ]

b -y

s 500 MFPD
y
AN =ik

130 OHM

Figure 5-9, Output Impedance, Test Setup

5-22 QUTPUT INDUCTANGE .

5~23 To check the output inductance, repaat steps
a through { at frequencies of 10Kc, 50Kc and 100Kc,
Calculate the output inductance (L) using the fol-
lowing formula:

L=XL . (See Note)
20t

POWER SUPPLY DIFFERENTIAL
UNDIR 5T | VOLTMETER
T -+
999 ? P
Rl
LAD
BESISTOR By
AN -
4 TERMINAL
5 CURNENT GAMPLING
ALSISTOR
o—-
SHORTING
BWITCH
MIDEL KO, 2l At pE
A '

£2090 1i [
n2hin 1z 3
(YL Y H
LG H LY

Figure 5-10, Load Regulation, Constant Current




1

" Model No,

5-26 Line Regulation,
tlon proceed as follows:

To check the line regula-

a, 'Utilize test setup shown in Figure 5-10
leaving switch S1 open throughout test,

b, Connect variable auto transformer '
between input power source and power supply
powear input,

¢, Adjust auto transformer for 105 VAC input.

d, Turn VOLTAGE controls fully clockwise,

r. Set METER switch to highest current
range (RANGE switch to 20V for Model 6200B) and
turn on supply, -

f, Adjust GURRENT controls until {ront panel

' meter reads exactly the maximum rated output cur-

rent,

g. Read and record voltage indicated on dif~
ferantial vojtmeter,

h. Adjust variable auto transformer for 125
VAC input,

i, Reading on differential voltmeter should
not vary from reags .r .ccorded in step g by more
than the follo +lrg: -

62008 -6201B 6202B 6203B
,#0. 40 . %0, 40 £0,650 20,275

Varlation {mvdc)

5-27 Ripgle_"_a_rl(i" Nolse, To check the ripple and
nolse, procee. ak follows:

. a, Connect test sotup shown in Figure 5-11,

b

‘ BTASTANCE (0N
MoDEL. No, (—E4
h2B 12 1
FOWER SUPPLY h2018 12 1
UNDER TEST 52028 5t 2
620039 b4 0, 3¢
- -
000
CURRENT ;
EAMPLING
RESISTOR
H
3C VOLTMITER

b 40y 8

R0

Figure 5-11. Ripple and Noise, Constant Current

b, Rotate VOLTAGE controls fully clockwise,

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

d, Adjust CURRENT controls until front panel
meter Indicates exactly the maximum rated output
cutrent, «

5-7

e, Turn range switch on AC voltmeter to 1 mv
position. '

f. The AC voltmeter should read as follows:
6200B 6201B 6202B 62038
0.50 0,50 1 0, 250

Model No,

Reading {mvac)

5-28 TROUBLESHOOTING .

5-29 Components within Hewlett-Packard power
supplies are conservatively operated to provide
maximum reliability, In spite of this, parts within
a supply may fail., Usually the instrument must be
tmmediately repatred with a minimum of ."down time"
and a eystematic approach as outlined in succeeding
paragraphs can greatly simplify and specd up the
repair,

5-30 TROUBLE ANALYJIS

5-31 General, Before attempting to trouble shoot
this instrument, ensure that the fault is with the
instrument and not with an asscciated circuit, The
performance test (Paragraph 5-~10) enablas this to
be determined without having to remnve the instru-
ment from the cabinet,
§-32 Once it is determined that the power supply
is at fault, check for obvious troubles such as an
open fuse, a defective power cable, of an input
power failure, Next, remove the top and bottom
covers {each hald by four retaining screws) and ip-
spect for open connections, charred componenis,
etc, If the trouble source cannot be tetected by
visuri inspection, follow the dsiailed procedure
outlined in succeeding paragraphs, Once the de-
feztive component has been located (by means of
visual Inspectim or trouble analysis) correct it and
ra~conduct the performance test. If a component is
replaced, refer to the repalr and replacement and
adjustment and calikration paragraphs In this
sectlion, - ‘

i
5-33 A good understanding of the principles of
operation {5 a helpful aid in troubleshooting, and it
is recommended that the reader review Section IV of
the manual before attempting to troubleshoot the
unit in detail, Once the principles of operation are
understood, logical application of this knowledge
used in conjunction with the normal voltage
readings shown on the schematic and the additional-

. procedures given in the following paragraphs

should suffice to isolate a fault o a component or
small group of components, 'Tne normal voltages
shown on the schematic are positioned adjacent to
the applicable test points (identified by encircled
numbers on the schematic and printad wiring
hoards), Additional test procedures that'will aid
in isolating troubles are as follows: '

1




a. Reference circuit check (Paragraph 5-35).
This circuit provides critical operating voltages For
the supply and foults. in the circutt couid affect the
overall operation in many ways.
Feedback loop checks {Paragraph 5-36},
¢, Procedures for dealing with common
llroublcs (Paragraph 5-37).

5-34 The test polnts referred to throuwghout the fol-
lowing procedures are identified on the schematic
diagram by encircled numbers.

5-35 Reference Circuit,
. 8, Make an ohmmeter check to be certain
that neither the positive nor negative output termi-

'

nal is grounded.
b, Turn front-panel VOLTAGE and CURRENT
controls fully clockwise (maximum},
c¢. Turn-on power supply (no load conndcted),
d. Procecd as instricted in Table 5-2,

§5-36 Feedback Clrcuit. Generally, malfunction of
the feedback circuit is ipdicated by high or low out~
put voltages,. If one of these situations occur, dis-
connect the load and proceed as instructed in

Table 5-3 or Table §5-4.

5-37 Common Troubles. Table 5-5 lists the symp-~
toms, checks, and probable couses for common
troubles.

Reference Circuit Troubleshooting

Table 5-2,
' METER METER NORMAL .
STEP COMMON POSITIVE INDICATION IF INDICATION ARNORMAL, TAKE THIS ACTION
1 +3 33 6.2 + 0.3vde Check 12.4 volt bias or VR]
2 31 +8 6.2 & 0,3vdc Check 12.4 vclt blas or VR2
3 +5 37 12,41 1.0vdc Check Q8, Q9, CR22, CR23, C10, Tl
i Table 5-3. High Output Voltage Troubleshooting
STEP MEASURE RESPONSE PROBABLE CAUSE
1 Voltage between +5 and A6 0V to +0.BY 8. Open strapbetweenA7 and A8
b. RI0 open
‘ More negative than 0V Procecd to Step 2.
2 Vo;tage betweenI +S and 12 Less positive than +2.0V 3. QIlA shorted
) b. Q1B open
c. R3 open
+2.0V to +3.8Y Proceed to Step 3,
3 | Voltage between +S and 19 More positive t an ~0.7V a. Q3 shorted
b. €35 shorted
More negative ‘han 0.7V Proceed to Step 4.
4 Volfage between 22 and 23 0V or negative a, Q6 and/or Q7 shorted,
b. CRI1 shorted
More positive than 0V 2. Q4 or Q5 apen
: b. R34 or R30 shorted or low
reslsm_n_ce.

l 5-8
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Table 5-4. Low Qutput Voltage Troubleshooting
STEP MEASURE RESPONSE’ PROBABLE CAUSE
. 1 "Disable Qz by discon- Normal output voltage., a. Constant current circuit
faulty, check CR4 and Q2A
for shait,
. b. R16 or Q2B cpen.
Low output voltage, Reconnect CR4 and proceed to
' Step 2.
‘2 Voltage between +3 and A6. More negative than 0V, a. Open strap A6 ~A7,
' OV to +0,8V, a., Check R10, Cl, or C2 for
short.
. b. Proceed to Step 3.
3 Voltage between +5 and 12. More positive than +3.8V. a, QIlA open.
b. QIB or R3 shorted,
! ' +2V to +3.8V, Proceed to Step 4.
4 Voltage between +8 and 19. More negative than ~0,7V. a. QJ open.
b, R33 sherted or low.
More positive than -0.7V. a. QS shorted,
b. Prcceed to Step 5.
5 Voltage be'tween 22 and 23. Mure negative than 0V, a. R34 open.
b. Q4 shorted.
: More positive than 0V, a. Q6 and Q7 apen,
Table 5-5. Common Troubles \
SYMPTOM CHECKS AND PROBABLE CAUSES
High ripple a, Check operating setup for ground loops. .
' . b. If output floating, connect lpf capacitor hetween output and ground.
' ¢. Ensure that supply is not crossing over to constant current mode under
S " ‘ loaded conditions.
'f Poor line requlation 8, Check reference clrcuit (Paragraph 5-35).
K b, Check reference circuit adjustment lParag}aph 5-54),
} Poor load regulation a. Measurement technique. (Paragraph 5-16)
(Constant VQ;tage) b. Check the regulation characteristics of Zener diode VRI' as follows:
(1) Connect differential voltmeter across VRI,
(2) Connect appropriate load resistor (Ry), given in Figure 5-3, across
o , {+) and (-} output terminals.
R {3) Perform steps b through f of Paragraph 5-16.
, {4) If the differential voltmeter reading varies by more than 1.8mV,
v ' replace VRI,
i c. Ensure that supply is not going into current limit. Check constant cur-
kS rent input circuit,

5-9
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!f Table 5=5%. Common Troubles, (Continued)
SYMPTOM _ GHECKS 'AND PROBABLE CAUSES '
| b
Poor load regulatlonr a2, Check the regulotion characterist! s of Zener diode VR2 as follows:
{Constant Current) {1) Connect difterential voltmeter across VR2,
! {2} Conncct appropriate load reststor {Ry), given in Figure §-5, across
(+) ‘and (-) output terminals.
(3) Perform steps b through £ of Paragraph 5-25,
(4) if the differential voltmeter reading varies by more than the following,
replace VR2.
62008 62018 62028 62038 -
1.2mV. 1.8mV 1.2mVv imV
b, Cl9, G20, and GR34 leaky.
¢, Check clamp circuit Q10, CR3I0, CR31, and CR3Z.
' d. Ensure that supply is not qoing into voltage limlt. Check constant volt-
, aye input circuit. .
Oscillates (Constant 2., Check CS$ for open, adjustment of R30 (Paragraph 5-56).
Voltage/Constant .
Current} ’
Poor Stability d. Noisy programming resistor R10.
(Constant Voltage) b. GRI, CR2 leaky.
€. Check R1, RIZ, R13, C2 for noise or drift.
d, Stage QI defective.
Paor Stability a. Nolsy programming resistor R16.
(Constant Current) b. CRS, CR6, C2, C3 leaky,
¢. Check RIB, RIY9, R26, R21, C3, for noise or drift,
‘ d. Stage Q2 defective, ' '
Table 5-6, Selected Semlconductbf Characteristics
REFERENCE , \ : SUGGESTED
DESIGNATOR CHARACTERISTICS tﬁg PART NO. REPLACEMENT
QlL,2 Matched differential amplifter. NPN 8i Planar. 1854-0229 2N2817 G.&,
70 {min.) hrE ic=ImA, VGE=5V. e 0.01pA
, @ Vcho=5V.
Q4 PNP [cex= 0.1mA {max) @ Vop= 90V, 1853-0040 '] 2N3741 Motorola
' VBE=4V. .
Q6,7 'NPN Power hpg=35 (min.) @ Ic=4A, \gp= 4V, 1854-0225 | 2N3055 R.C.A,
CREI-S.ZO. Si‘.; rectifter, 200mA, 180prv 1901-0033 IN4858 Sylvania
130,32 -
cag’,é.sl Si. cliode, 2.4V @ 100mA 1901-0460 IN4830 G.E.
CRII.;'I?. Si. mactifier, 500mA, 200prv 1901-0026 I1N3253 R.C:A.
22-25,34 \ Lo :
CR26-29 Si. rectifier, 900mA, 200pry. 1901-0327 | IN5059 G.E.

. ]
o
Rt

i [T

. 1 ' \“\‘1 ‘! | ! ' ) |

-n-m-alm
'
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5~38 REPAIR AND REPIACEMENT special chiracteristics of selected semlconductors.
If the devicy to be replaced is not listed in Table
. 5-39 Fefore servicing a printed wiring board, refer 5-6, the stanasrd manufacturers part number listed
to Figure §-12. Sectlon VI of this manuai contains in Sectien VI is opplicable. After replacing & semi-
a list of replaceable party. Before replacing e semi- | conductor device, refer to Table 5-7 for checks and
conductor device, refer to Table 5-6 which lists the  adjustments that may be necessary.

. Excessive heat or pressure can lift the copper sirip from the board. Avold damage by using a
low power soldering i:on (50 watts maximum) and following these {nstructions. Copper thatlifts
off the hoard should be cemerited in place with a quick drying acetate base cement having good
electrical insulating properties,

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

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

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

WARNING.IIthe specific instructions outlined inthe steps below regarding etched circuitboards
without eyelets are not followed, extensive damage to the etched circuit board will result.

1. Apply heat sparingly to lead of component 2. Reheat solder invacant eyeletand quickly

tobe replaced. I lead of component passes ' insert a small awlto cleaninside of hole.
through an eyelet 1f hole does
in the circuit not have an -CONOUCTOR
board, apply eyelet, in- 510

heat on com- sert awl or
ponent side a #57 drill
of board, If ( from con-
: lead of ~om- ‘- ductor side
" ponent dous of board.
not pass through an

eyelet, upply Heat to conductor side of board, 4. Hold partagainst b-aard(nvold overheating)
3. Bend clean tinned lead on new part and A and solder leads.
carefully insert — pply heat to compo-

through eyelets ‘or N nent leads on correct

side of board
holes in board. as explained

ﬁmammnmz) in step 1.

(PRI I ST INEC TR I EET 44 BE S

seasde

In the event that eitherthe circuit board has been damaged or the conventicnal method isimprac-
tical, use method shown below. Thisis especially applicablefor circuit boards without eyelets,

2. Bend protrudingleads u
) 1. Clip lead as shown below. of ne£ App[_gr pward. Bend fead

. component SOLDER
cLIP around pro- '
HERE truding lead.

" Apply solder.
using 2 pair
of long nose pliers as a heat sink.

O L T i iad

This procedure is used in the {ield only as an aiternate means of repair. It is not used within
the factory. ‘

. Figure 5-12. Servicing Printed Wiring Boards

S-11"




Table 5-7. Checks and Adjustments After Replacement of Semiconductor Devices

REFERENCE FUNCTION CHECK ADJUST
Ql Constant voltage differential amplifier Constant valtage {CV) -
' line and load requlation.
Zero volt output.
Q2 Constant current differential amplifier Constant current (CG} ————
: line and load requiation.
Zoro current output,
QS,Q‘!!QS Mixer and error amplifiers CV load requlation. C'V R30
' transient response. CC
load reqgulation.
6,Q7 Series requlator CV load regulattion. ——
8,Q9 Reference regulator Refe.ence circuit line R46
requlation.
Qlo Clamp 'clrcu_lt CC load regulation. —r—
Qil-Ql5 Meter ciycuit Meter zero. Voltmeter/ R63, R72, R
ammeter tracking.
CR1, CRZ ' Limiting diodes CV load requlation, ——
CR3, CR4 OR-gate diodes CV/CC lvad requiation. -— -
CRS Limiting diode CC load requlatlon. | = ===
CR8, CR9 ' Forward bias regulator Voltage across each ————
diode 2.0 to 2.4 volts,
CR22, CR23, Rectifier diodes Voltage across appropri- ———
CR24, CR25, ' ate filter capacliz:.
CR28, CR29
CR4 Protection diode Qutput voltage ————
Vﬁl _ / Positive reference voltage Prsitive reference volt- ———
age (¥6.2V).
VR2 Negative reference volt- ———

. Nega.ve reference voltage

age (-6.2V).




Table 5-6. Calibration Adjustmere’Summary

ADJUSTMENT OR CALIBRATION PARAGRAPH CONTROL DEVICE
Meter Zer . 5.‘-4‘2 1 Potnter
Voltmeter Tracking 5-44 | R63 and R72
Ammeter Tracking 3-46 ‘ R536
"*Zero" Volt Output 5-49 R& or R8
*Voltage™ Pragramming Current 3-50 R13
vZero" Current Qutput §5-52 R25 or R2A
*Cumrent” Programming Current 5-53 . R13
Reference Circuit Line Voltage Adjustment 5-54 R46
Transient Response 5-56 RIG ,

)
5-40 ADJUSTMENT AND CALIBRATION

5-41 Adjustment and callbraticn may he requirad
after performance testing, troubleshooting, or repair
and replacement, Perform only those adjustments
that affect the operation of the [aulty circuit and no
others. Table 5-8 summarizes the adjustments and
calibrations contained in the following paragraphs.

5-42 METER ZERQ
5-43 Proceed as follows to zero meter:

a. Turn off instrument {after {t has reached
normal operati temperature} and allow 30 seconds
for all capacito.. to discharge.

b. Insert sharp pointed object (pen point or
awl) {nto the small hole at top of round black plas-
tic disc located directly helow meter face.

¢. Rotate plastic disc clockwise {cw) until
meter reads zero, then rotate ccw slightly in order
to free adjustment screw from meter suspension. If
pointer moves, repeat steps b and ¢.

§5-44 VOLTMETER TRACKING

5-45 To callbrate voltmeter tracking, proceed as
follows:

a. Set'METER switch to h.ghest current posi-
tior and, with supply on and no load connected,
adjust R63 until front panel meter reads zero.

b. Connect differentia! voltmeter across sup~
ply, observing correct polarity.

c. Set METER switch tohighest voitagerange
and turn on supply. Adjust VOLTAGE control until
differential voltmeter reads exactly the maxtmum
rated output voltage,

d. Adjust R7Z until front panel meter also
indirates maximum rated output voltiuge.

5-46 AMMETER TRACKING

5-47 To calibrite ammeter tracking proceed as
follows:

4, Repeat steps a through e of Paragraph
5-15.

b. Adjust R56 until front panel meter tndi-
cates exactly the maximum rated output current.

5-48 CONSTANT VOLTAGE PRQGRAMMING
CURRENT '

5-4% To calibrate the zero volt programming accu-
racy. praceed as follows:




&, ,Connect differential voltmuiu between +5
and -5 terminals, ; c
~ b, Short out voltage controls by counecting ,
jumper betweun terminals A5 and -8,
¢, Rotate CURRENT controls fully clockwlse
and turn on supply, '

~d, Observe reading on differentia) voltmeter, -

e, If it is more positive than 0volts, shunt

resistor R6 with s decade resistance box (105K min},
£, Adjust decade resistance unttl differentinl

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

g. If reading of step d s more nepative than
0 volts, shunt resistor R8 with the decade resist-
ance Lox,

h,  Adjust decade resistance unti) differentlal
voltmeter reads zero then shunt R8 with o resist-
* ance value equsl-lo that of the decade box,

5~-50 To calibrate the progifammlng current, proceed
as follows:

8. Connect a BK, 0,1' resistor between ter-
minals -5 and A6 on rear barrier strip, :

b, Disconnect jumper between A7 and A8
{leaving A6 and A7 jumpered) on rear terminal bar-
rier strip. '
v~ ©» Connectadecaderesistanceinplace ofR13,

. d, Connect a ¢.fferential voltmeter between
+5 and -§ and turn on supply. .

- e, Adjust decade resistance hox so that dif-
ferentlal voltmeter Indicates moximum rated output
voltage within 20,8 volts, :

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

5-51 CONSTANT GURRENT PROGRAMMING
CURRENT

5-52 To calibrate the zero current programming
accuracy, proceed os follows:
. §
) 8. Connect differenttal voltmeter hetween +§
and -5 terminals, ;
; b. Short out current controls by connegting
jumper between terminals Al and A5,

- €. Rotate VOLTAGE controlks fuli;) clockwise

and turn on supply, ; .
d. Observe reading on differential voltmeter,
e, [f it is more positive thad 0 volts, shunt
resistor R25 with a decade resistance box (105K min),
w £, ' Adjust decade resistance until differential
voltmeter reads zero, ‘then vhu.t R25'with resist-
ance value equal to that of decade resistance,

. LI
c !

g. If reading of step d is more negative thanp
0 volts, shunt resistor K28 with decade resistance.

h. Adjust decade reslstance until diffarential
voltmeter reads zero, then shunt P.?B with resist-
ance vatue equal to that of decadle box,

5~53 To calibrate the programming current, praceed
as follows:

@, Connect power supply as shown in

Figure 3-4, ' ,

b. Remove strop between A3 ond Ad (leaving
Ad and AS jumpered),

c. Ccnnect a 750a, 0.1% resistor between
Al and AS, -
‘ d. Connect decade resistonce box in place
of R19, '

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

f.  Adjust the decade resistance so thst the
differential voltmeter indicates 1.5 + 0,030V,

9. Replace decade resistanc with appro-
priate value resistor in R19 position.

5-54 REFERENCE CIRCUIT ADJUSTMENTS
5-55 Line Requiation. To ad}uét the [ine regula-'-

tion capabilities of the instrument, procend as
follows: : ‘

8, Connect the differential voltmeter between
+5 (common) and 33 (positive), ;

b. Gonnect variable voltage tronsformer
between supply and Input power source,

c. Adjust line to 105Vac,

d. Connect decade resistance in place of R46,

e, Turn on supply,

f, Adjust decade resistance so thot voltage
indicated by differential voltmeter does not change
more than 0.2 millivolts as input line voltageis
varied from 105 to 125Vac,

g. Replace decade resistance with appro-

_printe value resistor in R46 position,

5-56 CONSTANT VOLTAGE TRANSIENT RESPONSE

5-57 To adjust the transient response, proceed as

follows: ]

'

'8, Connect test setup as shown in Figure 5~7.
'b. Repeat steps a through e 55 outlined in
Paragraph 5-19, ,
c,. Adjust R33 so that the transient response

is as shown in Figure 5-8, -
i
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SECTION VI

61 INTRODUCTION

6-2 This section Lonmins mformntlon for ordering

replacement poarts.

Table 6-4 Jists parts’in alpha-numerical order
of the reference designators and provides the fol- |

+. lowing Informatmw

¢, Reference Designators. For abbrevmtions,

| - refer to Table 6-1,

¥

. b Dcscrlptlon. Refer to Table 6~2 for nbbre~
viations.

c. Total Quantity (TQ) used In the instru-

" meat; given only first time the part number ts
~ listed,

1od, Manufacturer's part number.
e. Monufacturer's code number. Refer to
Table 6-3 for manufacturer's name and address. .

£, ¢ Part. Number,

'g. Recommended spare parts quantity (RS)
for complete maintenance of one instrument during
one year of isoloted service.

. h, Parts not identified by o reference desig-
nator are listed at the end of Table 6-4 under Mls»
m.llancous.

j

B 4 ORDERING INFORMATION

6-5 To order o replacement part, address order or '
inquiry to your local Hewlett-Packard sales office
{see lists at rear o1 this manual for addresses),

6 6 Specify the followlng informa*lon for each
part- .

a, Model end compiste scrlal number of
instrument. '

b. Hewlett-Packard part number.

c. Circuit reference designator.

d. Description.

6-7 To order a part not listed in Table 6-4, give -
a complete descriptior. of the part and include Iits
functlon and location,

'

Table 6-1, Reference Designators

CR = diode
DS = device,
signaling {lamp)

A = assembly
B = motor
C = capacitor

o © REPLACEABLE PARTS

'

!

Reference Designatars (Continued)

Table 6-1,
E = misc, electronic RT = t!ermistor
port ‘ S = switch
F = fuse T = transformer
] = Jack V  =‘vacuum tube,
K = relay neon hulb,
L = inductor photocell, etc.
M = metur X = socket
P = plug XF = fuacholder
I Q = transistum XD5 = lampholder
, B = resistor Z = network
Table 6-2. Description ..obreviations
a = amperes obd = crder by descrip-
c = carbon ; tion
cer = ceramic p - = peak
coaf = coefficlent pc = printed circult
com = common ! hoard
comp, = composition pl = plcofarads =
conn = connection : 10-12 farads
crt = cathode-ray pp = peak-to-peak
tube ppm = parts per milllon
dep = deposited pes = position(s)
elect = electrolytic poly = polystyrene
encap = encapsulated pot = potentlometer
f = farads prv = peak reverse
fxd = fixed voltage
GE = germanium reci fler
grd = ground{ed) rot = rotary ,
h = henrles [ms = root-maan-square
Hg = mercury . s=-b = slow-blow
impg = Im.regnated sact = sectlon(s)
ins = Insulation{ed) Si = silicon
K e kilo = 1000 sil = silver
in = linesr taper s1 = slide
log = logarithmic td = time delay
taper TiO2 = titanium dioxide
mA = milli = 10=3 tog = toggle
M = megchms " tol = tolerance
ma = milliampares trim = trlmmar
" = micro = 10°%  twt = travellng wave
mir = manufacturer ‘ tube
mtg = mounting var = variable
my = mylar w/ = with
NC = normally W = walts
closed w/o = without
Ne = Neon c¢mo = cabinet mount
NO = normally tpen only




Tuwiu =4, Code List of Manufacturers
CB?(I)D.B MANUFACTURER ADDRESS CECI)J.L MANUFACTURER ADDRESS
o 00629 | EBY Sales Co, New York, N,Y, 06812 [ Torrington Mfg. Co,, West Div,
: 00656 | Aerovox Corp, New Bedford, Mass, Van Nuys, Calif,
00853 | Sangamo Electric ipany, 07137 'I‘ranslsmr Electronics Corp.
: Ordill Division _.apacitars) Marion, Ii, Minneapolis, Minn,
;01121 |Allen Bradley Co, Milwaukes, Wis, 07138 | Westinghouse Electric Corp,
01255 | Litton Industries, Inc, Elactronic Tube Civ, Elmira, N.Y,
‘ Beverly Hills, Calif, 07263 | Fairchild Semiconductor Div, of
01281 [ TRW Semiconductors, Inc. Falrchild Camara and Instrument Corp,
' Lawndale, Calif, « Mountain View, Calif,
01295 ! Texas Instruments, Inc, Semiconductor- 07387 | Birtcher Corp, , Thw Los Angeles, Callf,
. Components Division Dallas, Texas Q7397 | Sylvania Electric Products Inc,
s 01686 | RCL Electronics, Inc, Manchester, N, H, Mountain View Operations of
01930 |Amerock Corp, Rockford, Ii1, Sylvania Electronic Systems
02114 | Ferroxcube Corp. of America Mountain View, Cali.‘.
Saugcrtles. N, Y, 07716 lmcrnatlanal Resistance Co,
02606 | Fenwa) Laboratories Morton Grove, Ill. Burlington, Iowa
02660 | Amphenol-Borg Electronics Corp, 07910 | Contlnental Device Corp, Hawthoine, Calif,
Broadview, Iil, 07933 | Raytheon Mfg, Co,, Semiconductor Div,
02735 | Radio Corp, of America, Commercial Mountain View, Calif,
’ Receiving Tube and Semiconductor Div, (8530 | Reliance Mica Corp, Brooklyn, N.Y,
Somerville, N.J, 08717 | Sloan Company Sun Valley, Calif,
03508 G, E, Semiconductor Products Dept, 08730 | Vemaline Praducts Co, Franklin Lakes, N. I,
Syracuse, N.Y. 08863 | Nylomatic Corp. Morrisville, Pa,
03797 Eldema Corp, Compton, Calif, 09182 | Hewlett-Packerd Co,, Harrison Division
g ; 03877 | Transitron Electronlc Gorp, Berkeley Helghts, N. J.
- , Wakefield, Mass, 09353 | C & K Components Newton, Mass,
03888 | Pyrofilm Resistor Co.  Cedar Knolls, N.J. 11236 | CTS of Berne, Inc, Berne, Ind,
T 04009 Arrow, Hart and Hegeman Electric Co. 11237 | Chicago Telephone of Caltfornla, Inc,
; : o Harttord, Coanng, So, Pasadena, Calll,
04072 ADC Etectronics, Inc. Harhor City, Calif, 11711 | General Instrument Corp, , Semiconductor
04213 Caddell-Burns Mfg. Co, Inc, Prod, Group, Rectifter Div, Newark, N.J.
o Mineola, N, Y, 12136 | Philadelphia Handle Co., Inc,
04404] Dymec Division of ‘ ‘ Camden, N,J,
Hewlett-Packard Co, Palo Alto, Calif, 12697] Clarostat Mfg. Co, Dover, N,H,
_ 04713} Motorola, Ine,, Semiconduct:r 14493| Hewlett~Packard Co, ,
' Products Division Phoenlx, Arizona . Loveland Division Loveland, Colo,
05277] Westinghouse Electric Corp, 14655 | Cornell-Dubilier Elec, Corp, Newark, N,J,
Semi~-Cond:ictor Dept, Youngwood, Pa, 14936} General Instrument Corp., Semiconductor
: 05347 Ultronix, Inc, Grand Junctlon, Colo, Prod, Group, Semiconductor Div,
06486 | North American Electronics, Inc, Hicksville, N,Y.|
Lynn, Mass, 15909 | Daven Div, of Thos, Edizon Industries,
06540 | Amathom Electronic Hardware Co,, Inc, McGraw Edison Co. Livingston, N.}J.
Co New Rochelle, N.Y, 16299 | Corning Glass Works,
, 06555 Beede Llectrical Instrument Co, , Inc, Electrontc Comppnents D[V'Ralelaigh N.C
» N.C.
06666 General Devices Co. , Inc. Penacaok, N, H, 16758 | Delco Radio Div. of General Motors Corp,
1 Indlanapolis, Ind, . Kokomo, Ind,
0675 Nuclear Caorp. -of America, Inc,, 17545 [ Atlantic Semiconductors, Inc,
. U.S, Semcor Div, Phoanix, Artzena Asbury Pork, N.J.

)
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Table 6-3, Code List ol Manufacturers (Continted) '
Cgé).n MANUFACTURER ADDRESS Cr?é).ﬁ MANUFACTURER ADDRESS
19315 | The Bendix Corp, , Eclipse Ploneer Div, 73138 |Helipot Div, of Beckman Instruments, Inc.
Teterboro, N.]J. : Fullertaon, Callf,
197301 | Electra Mfg, Co, Independence, Kan, 73293 |Hughes Companents Division of Hughes
21520 | Fanstes! Metallurgical Corp, Alrcraft Co, Newnpcrt Beach, Calif,
No. Ghicago, Ill, 73445 [Amperex Electronic Co,, Div, of North
22229 | Union Carbide Corp,, Linde Div,, Ameticen Phillips Co,, Inc,
Kemet Dapt, Mountain View, Calif, Hicksville, N, Y
22767 | ITT Semiconductors, A Division of 73506 |Bradley Semiconductor Corp,
International Telephone & Telegraph , Mew Haven, Conn,
Corp. Palo Alto, Calif, 73559 {Carling Electric, Inc, Hartford, Conn,
24446 | General Electrlc Co, Schenectady, N, Y, 73734 |Federal Screw Products, Inc, Chicago, IIl,
24455 | General Flectrlic Co,, Lamp Division 73978 | Hardwick Hindle Co, ,
Nela Park, Cleveland, Ohio Memcor Components Div, Huntington, Ind,
24655 | General Radio Co, West Concord, Mass, 74193 | Heinemann' Electric Co, Trenton, N.]J.
28480 j Hewlett-Packard Co, Palo Atto, Calif, 74545 | Harvey hubbel, Inc, Bridgeport, Conn,
28520 | Heyman Mfg, Co, Kenilworth, N,]J, 74868 | FXR Div, of Amphenot-Borg
33173| G. E., Tube Dept. Owenshoro, Ky, Electronics Corp, Danhury, Conn,
35434 | Lectrohm, Inc, Chicago, 1L 75042 | International Resistance Co.
37942 | P,R. Mallory & Co,,Inc, Indianapolis, Ind, Philadelphia, Pa,
42190 | Muter Co, Chicaga, Ill, 75183 Howard B, Jones Div,, of Cinch Mfg, Corp,
44655 | Ohmite Manufacturing Co, Skokie, Ill, {Use 71785) New York, N.Y.
47904 | Polaroid Corporation Cambridge, Mass, 75382 | Kulka Electric Corp. Mt, Vernon, N.Y.
49956 | Raytheon Mfg, Co,, Microwave and 75915 | Littlefuse, Inc, Des Plaines, Ill,
© |- Power Tube Div. Waltham, Mass, 76493 §J. W, Miller Co, Los Angeles, Calif,
55026 | Simpson Electric Co, Chicago, 111, 76854 | Oak Manufacturing Co, Crystal Lake, Ill
56289 | Sprague Electric Co, North Adams, Mass.| 77068 | Bendlx Corp,, Bendix-Pacific Div,
58474 | Superior Electric Co,  Bristol, Conn, No, Hollywood, Calif,
61637 | Union Carbide Ccerp, New York, N.Y. 77221 Y Pusostron Instrument and Electronic Co,
63743 | Ward-Leonard Elactric Co, Mt, Varnon, N, Y, South Pasadena, Calif,
70563 | Amperite Co,, Inc, Union Clty, N.7J, 77252 { Philadelphia Steel and Wire Corp,
70903 | Belden Mig. Co, Chicago, LI, Philadelphia, Pa.
712181 Bud Radio, Inc, Willoughby, Ohio 77342 { Amarican Machine and Foundry,
714001 Bussmann'Mfg, Dlv, of ‘ ' Potter and Brumfield Div, Princeton, Ind.
McGraw-BdisonlCo. St, Louls, Mo, 77630 | TRW Electronics, Components Div,
71450 | CTS Corporation Elkhart, Ind. , Camden, N.J.
71468 | I, T, T, Cannon Electric Inc, 77764 | Resistancde Products Co,  Harrisburg, Pa,
Los Angeles, Callf 78189 ! shakeproof Div. of illinois Tool Warks
71590 Centralab Div, of Globe Union, Inc, ; Elgin, 111,
Milwaukee. Wis, 78488 | Stackpole Carbon Co. ~ 5t. Marys, Pa.
71700 The Cornish Wire Co, New York, N.Y. 78526 | Stanwyck Windlng Co,, Inc.
71744 | Chicago Minlature Lamp Works ' Newburgh, N.Y.
_ : Chicago, Iil, 78553 Tinnerman Products, Inc. Cleveland, Ghio
71785 | Cinch Mfg. Co, Chicago, M1, 79307 | Whitehead Metal Products Co., Inc.
71984 | Dow Cerning Corp, Midland, Mich, New York, N.Y.
72619 | Diatight Corporation Brooklyn, N.Y, 79727 | Continental-Wirt Electronics Corp,
572699 General Instrument Corp, , Phitadelphia, Pa,
= Capacitor Div, Newark, N.J. 80031 { Mepco Div, of Sessions Clock Co,
I72765 Drake Mfg. Co. Chlcago, I“.. h}lorr‘stown. N.I.
Erie Technological Products, Inc. Erie, Pa. 80294 | Bourns, Inc. Riverside, Callif.

72982
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Toble 6-4. Code List of Manufacturers (Continued)
Cﬁ’g“ MANUFACTURER ADDRESS CI?C?E MANUFACTURER ' ADDRESS
81045 | Howard Industries, Inc, Racine, Wis, 88140 | Cutler-Hammer, inc. Lincoln, 11},
81483 | International Rectifier Corp, 83473 | General Electric Distributing Corp,
El 8egundo, Calif. Schenectady, N.Y.
‘81751 [ Columbus Electronics Corp, Yonkers, N,Y. 91345 | Milier Dial and Nameplate Co,
82099 | Goodyear Sundries & Mechanical Co., Inc, El Monte, Calif,
New York, N.Y. 91637 | Dale Electronics, Inc. Columbus, Neh,
82219 | Sylvania Electric Produnts, Inc,, 91862 | Elco Corp, Willow Grove, Pa.
Electronic Tube Division Emporium, Pa. 91929 | Honeywell, Inc.. Micro Switch Div.
82389 | Switcheraft, Inc, ‘ Chicago, Ill. Freeport, I,
82647 | Metals and Controls, Inc., 93332 | Sylvania Electric Prod., inc., Semicon-
Spencer Products Attleboro, Mass, ductor Prod. Div, Woburn, Mass,
82866 | Research Products Corp,  Modison, Wis, 33410 | Stevens Mfg, Co., Inc.  Mansficld, Ohio
82877 | Rotron Mfg. Co., Inc, Woodstock, N.Y. 94144 | Raytheon Co., Camponents Div., Industrial
82893 | Vector Electronic Co, Gliendale, Caltt, Components Operation ©  Quincy, Mass.,
83058 | Carr Fastener Ca, Cambridge, Mass. 94154 | Tung-Sol Electric, Inc. Newark, N.]J.
83186 | Victory Engineering Corp. Springfleld, N.], 54310 | Tru~Ohm Products, Memcor
83298 | Bendix Corp., Red Bank Div, Eatontown, N.J. Components Div, Huntington, Ind,
83330 | Herman H. Smith, In. . Brooklyn, N.Y. 95263 | Leecraft Mfg, Co., Inc,
83385 | Central Screw Co, Chicago, Il Long Island City, N.v.
83501 | Gavitt Wire and Cable Co., Div, of 95354 | Methode Mfqg, Co. Chicago, 111,
. Am :race Corp. Brookfleld, Mass. 96791 | Amphenol Controls Div, of Amphenol-
83508 | Grant Pulley and Hardware Co, ‘ Borg Electronics Corp.  Jenesville, Wis,
, : West Nyack, N.Y. 98291 | Sealectro Corp. Mamaronack, N.Y.
83594 | Burroughs Corp.,: Electronic 98978 | International Electronic Research Corp.
Components Div. Plainfield, N.J. ‘ . Burbank, Calif.
83877 | Yardeny Laboratories, Inc. New York, N.Y. 99934 | Renbr ndt, Inc, Boston, Mass,
84171 | Arco Electronles, Inc. Great Neck, N.V.
84411 | TRW Capacitor Div, QOgallala, Nek. .
86684 | Radio Corporation of America, Electronic THE FOLLOWING H-P VENDORS HAVE NO NUM-
Components & Devices Div, ‘ BERS ASSIGNED IN THE LATEST SUPPLEMENT TO
Harrison, M.]J, THE FEDERAL SUPPLY CODE FOR MANUFAC-
87034 | Marco Industries Co, Anaheim, Calif. TURERS HANDBOOK.
87216 { Philco Corp. {Lansdale Div.) . Lansdal:, Pa.
87585 | Stockwell Rubber Co., Inc.
’ Philadelphia, Pa, 0000 |Cooltron QOakland, Calif,
B. M, Tower Co., Inc.  Bridgeport, Conn. 0000" | Plastic Ware Co, Brooklyn, N.Y.

87529
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Referance
Designator _Description .. _Quantity
Cl fxd, clect 4, 7pf 50vde 1
Cc2,18 fxd, film , 0lpf 200vdc 2
, C3 . fxd, film 0, Ipf 200vde 1
C4,6~8,11,15 NOT ASSIGNED -
C5 fxd, film . 001pf 200vdc 1
C9 fxd, elect 4, 7pf 35vde 1
clg fxd, elect 100pf 50vdc 1
Cl2-14 fxd, elect 490uf 85vdc 3
Cl6A NOT USED -
C16B,17 fxd, ceramic , 05pf 500vdc 2
Cl18 fxd, elect 15pf 50vdc 1
Cz0 fxd, elect 80pf 300vdc 1
CR1-5, 20,

30,32 Rect, si, 200ma 180prv 8
CR6,7,10,

12"16: IB) 19

21,33,35 NOT ASSIGNED -
CR8,9, 31 Diode, si, 2,4V @ 100ma 3
CR11,17, '

22-25,34 Rect. si, 500ma 200prv 7
CR26, 27 NOT USED -
CR28, 29 Rect. si, 900ma 200prv 2
DSs1 Indicator Light, Neon 1
Fl Fuse cartridge, 2ZA@ 250V 3AG 1
71,2 (Jumpers) STRAP 2
Ql,2 5SS NPN dilf, amp, si, 2
Q3,5,8,10,

12,14,15 SS PN si, 7
Q4 $S PNP si. 1
Q6,7 Power NPN si, 2
Q9 S5 NPN si, 1l
Q11,13,17 SS NPN si, 3
Ql6 "'NOT ASSIGNED -
Rl . fxd, ww 1Kn £5% 3w 20ppm 1
RZ,22,23,29 fxd, fiim 6, 2K~ 1% }/8w 4
R3 fxd, film 15Kn +1% 1/8w 1
R4, 04, 65 fxd, film ZO0KA £1% 1/Bw 3
RS, 26,76,77 fxd, film 1, 5K~ £1% 1/8w 4
RG, 25 fxd, comp 360K~ +5% tw 2
R7 fxd, film 61, 9Ka 1% 1/6w 1
R8, 28 fxd, comp 560Kna £5% fw 2
RY, 11, 35-37, 39,

53,79,81-83 NOT ASSIGNED -
R10 var, ww DUAL 10K ~ 100n 1
Ri12 fxd, ww 1, 3K~ £5% 3w 20ppm 1
RI3,19 fxd, comp SELECTED #5% dw 2
R14 fxd, comp 3, 3a £5% 4w 1
R15 fxd, comp 82Ka 25% iw 1
R1€ var, ww DUAL 500, ~ 10, 1
R17, 37,55 NOT USED o -
RiB fxd, ww 3, 3Ka 5% 3w 20ppm 1
R20, 48 fxd, film 1Ka £1% $w 2
R21 fxd, comp 39n 5% Iw 1

6-5
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Mfr, Part ¥ Mir, &
or Type o M, Code Stock Mo, RS
150D475X9050B2 Sprague 56289 0180-1731 1
192P10392 Sprague 56289 0160-0161 1
192P10492 Sprague . 56289 0160-0168 1
192P10292 Sprague 56289 0160-0153 1
1500475%903582 Sprague 56289 0180-0100 1
D32218 Sprague 56289 0180-1852 1
D386ls Sprague 56289 0180-1888 1
J3C17A Sprague 56289 0150-0052 1
150D156X0050R2 Sprague 56289 0180~1834 1
D39041 Sprague 56289 0180-~1851 1
1N4858 Sylvania 93332 1901-0033 6
! ‘
GDB~-001 G.1. 11711 1901-0460 3
1N3253 R.C.A, 02735 1901-0389 6
1N5059 G.1. 11711 1901-0327 2
858-R ¢ .0an 08717 1450-0048 1
312002 Littlefuse 75915 2100-0002 5
4TX12AB39 G.E. . 03508 1854-022‘9 2
2N37L2 T,L 01205  1853-0029 6
8j203 HLAB 09182 ©  1853-0040 1
36616 HLAB 09182 1854-0225 2
2N3417 G.E. 03508 1854-0087 1
- 8K1124 T.I. 012395 1854-0071 3
- 242E1025 Sprague 56289 ' 0813-0001 1
‘ I.,R.C. 07716 0698-5087 i
I.LR.C. 07716 0757-0446 1
ILR.C, 07716 0757-0449 i
ILR.C, 07716 0757-0427 1
A.B, 01121 0685-3645 1
LR.C, 07716 0757-0460 i
A B, D1i2) 06B6~-5645 1
100149-4 HLAB 09182 2100-0997 1
242E1325 Sprague 56289 (0811-18403 1
- A B, 01121 - -
A B. 01121 0686-0335 1
A.B, 01121 (0686-8235 1
100149-1 HLAR 09182 2100-0994 1
242E3325 Sprague £6289 0811-1809 1
I.R.C, 07716 -0757-0338 1
ALB. 01121 1



Reference

Desiqnator Dascription
R24 fxd, film 4, 75K~ 21% 1/Bw
R27, 32 fxd, ww ,51n 5%
R30 var. ww 5Ka (Modify)
R fxd, comp 1Ka 5% iw
R33 fxd, comp 10K #5% jw

. R34 - fxd, comp 3, 6Ka £5% iw

" R38 fxd, comp 91Ka =5% fw
R40,62 fxd, film 619, £1% tw
R41 fxd, comp 12K +5% 3w
R42 fxd, comp 6, 8Ka 25% dw
R43 fxd, film 470, £1% dw
R44 fxd, comp 47Ka 5% dw
R45 fxd, comp 5, 1Kn £5% 1w
R46 fxd, comp 100Ka £5% 4w
R47 fxd, comp 430, 5% iw
R49 fxd, ww 2Kn £5% Sw
R50 fxd, comp 10 *5% Iw
R51 fxd, comp 30Ka #5% dw
R52 fxd, comp 22Kn &5% jw
R54 fxd, ww 2. &, 5% Bw
R56 var, ww 1XKa {Modify)
R57, 60 fxd, film 900, 1% 1/8w
R58,59 fxd, film 100a £1% /8w
R61 fxd, film 47, 5Ka 21% 1/Bw
R63 var, ww 10Ka
R66, 67 fxd, film 3, 40K 2}% tw
RE8, 69 fxd, film 365, 2% }w
R70, 71,75,

84-86 fxd, film 3K £1% 1/8w
R73 fxd, film 750, £1% }/8w
R72 var, ww 250~ (Modify)
R74 Ixd, film 9, 09Ka £1% 1/Bw
R78 STRAP ;
R8O fxd, comp 33Kn 5% iw
"l Switch SPST ON/OFF °

Switch, Meter Rotary
Power Transformer
VRL, 2 Diode, zener 6, 2V

5 Way binding post {maroon)
5 Way binding post (black)

Heat Dissipator

Line cord, plug PH15L 73 ft,

Strain relief bushing
Jumper - ‘

Barrier Stiip

Rubber bumper

Rubber bumper

Knob, } insert polnter
Knob, 17/64 insert pointer
Knob, 3/16 insert pointer
Bezel, Meter, 1/6 Mad,
Fuse Holder

Meter 23”; 0-50V; 0-, 9A
Mater Spring.

Mica Insulator

Insulator, transistor Pin
Insulator
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Mfr, Part # Mir,
or Type Mfr, Code
LR C, 07716 0757~0437
Type BWH ILR.C. 07716 0811-0929
Type 110-F4 C.T.5. 11236 2100~1824
AB 01121 0686-1025
A B, 01121 0686~1035
A. B, 01121 0686-3625
A, B, 01121 0686~9135
ILR.C. 07716 0757-0728
A.B. 01121 0686-1235
A B, 01121 0686-6825
IR, C. 07716 0698-3506
A.B, 01121 0686-4735
A B, 01121 0686-5125
A, B, 01121 0686-1045
A B, 01121 0686-4315
Type 5XM. W, L, 63743 0812-0100
EB-1005 A B, 01121 0686-1005
E3-3035 A, B, 01121 0686-3035
ER-2235"' A.B, 01121 0686-2235
Type T-7A R.C.L 01586 0811-2141
Type 110-F4 C,T.5, 11236 2100-0391
LR.C, 07716 0757-1099
I.R.C. 07716 0757~0401
LR C. 07716 0757-0457
Type 110-F4 C.T.S. 11236 2100-0396
Type GEB T-0O LR C. 07716 0698-4642
Type GEB T-0 LR.C. 07716 0757-0723
Type CEA T-O LRC, 07716 0757-1093
Type CEA T-0 I.R.C. 07716 0757-0420
Type 110-F4 C.T.S5. 11236 2100-04139
Tvae CEA T-O [LR.C, 07716 0757-0288
EB-3335 A.B, 0121 0686~3335
T110-62 Carling 73559 3101-1055
100311-A HIAB 09182 3100-1912
HT6202A HLAB 09182 91C0-1818
1N821 NA Elect, 06486 |, 1902-0761
DF21IRC Superior 58474 1510-0040
DF21BC Superior 58474 1510-0039
TXBF-032025B E,R.C. 98978 1205-0011
HK~-4096 Beldon 70903 8120-0050
SR-5P=-1 Heyco 28520 0400-0013
422-13-~11013 Cinch 71785 0360-1143
100237-15 HLAB 09182 0360~1234
MB50 Stockwell 87575 0403-0048
4072 Stockwell B7575 0403~008€
HLAB 09182 0370-0084
HIAB 09182 0370-0101
HLAB 09182 0370-0179
HIAB 09182 4040-0295
342014 Littlefuse 75915 1400~0048
‘ HIAB 09182 1120-1228
HLAB 09182 1460-0256
734 Reliance 08530 0340~0174
100146~1 HIAB | 09182 0340-0166
100151-1 09182 0347-0168

6-6
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OPTIONS

0|gtion Mfr. Part Mir, &
B Number ~  Description Quantity * Type Mir. Code Stock No. RS
y: 06 Overvoltage Crowbar 1 HLAB 09182  Model 6916A 1
|
07 !; Voltage 10-turn Potentiometer 1 Seriec 8400 IRC 07716 2100-1864 1
08 Current 10~turn Potentiometer 1 Series 8400 IRC 07716 2100-1864 1
0e Voltage 10-turn Potentiometer 1 Series B400 IRC 07716 2100-1864 1
Current 10-turn Potenticmeter 1 Serics 8400 "IRC 07716 2100-1864 1
13 Voltage Decadial Control 1 {Inculdes:) )
: Voltage 10-turn Pat. 1 Series 8400 IRC 07716 2100-1864 1
v Decadial Assembly 1 RD-4}1 IRC 07716 1140-0020 1
14 Current Decadial Control 1 - (Includes:)
Current 10-turn Pol. 1 Series R400 IRC 07716 2100-1864 1
Decadial Assembly 1 RD-411 IRC 07716 1140-0020 1
)
)
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- Manual Changes/Model 62028

- Iin the :‘aplace.ﬁbie parts table, add:

e 80091, i I ;|

; ./
"9!‘,:

et h
Rl S

S

"Manual HP Part No, 06202-90001
Page -2- S

L

CHANGE 6:

]
4

Terminal Strlp. HP Part No, 0"«60-—1639

, 1, \ “i‘ . CHJ\NGE 7! i

" In tnq replaceable parts tabls and on the schematic,
change Power Transformer T1 to HP Part No. 06202~

' CHANGE &' S

The Serial Prefix of this unlt has bean changed to
11497, i

' “The standard ¢olors Ior thls {nstrument are now

‘mint gray {for'front panel and rear panels) and.

olive gray (for all top, bottom, side, and other ex-
ternal surfaces), Optlon X95 designates use of
the former color s:heme of light gray and blue gray,

:Option A85 ceslgnates use of a light gray front

panel with alive gray used for all other external
‘surfaces. New part numb‘ers are shown below;

PRI E ; | =‘ :
FLS

BRRA‘I‘A' PR

Lo
i

1

ln parts llst, change:H Purt No. otvrubber bumpqr
f (qty.d) to 0403 -0002, i ¢

In parts llst and on the schemntlc. chun»;e mz "
[

In Table 1~1, change the ENTEBNAL IMPEDANCE
A3 A CONSTANT VOLTAGE SOURCE (Outpu®, Impe-

_ dante) spaclilcation to ri ad as follows:

“Output Impedance (Typical): Approximatcd by
" a 20 milllohm resistance in series witha 1
" microhenry tnductance, o

t0 14K ohms 45%, 3W 30ppm uau-—mua C

The blue~gray mater bazel has been replaced by
8 black one, HP Part No. 4040-0414.

Effactlve January 1st, 19-77. Optlons 007 (10~-tumn
voltage control) and 003 {10-turn current_ control)
ara no longor available individually, but they are

. atill available combinad as Option 009, Likewlse,
" Options 013 {10-turn voltage control with decadial}

and Ot4 (i 0-turn current control with decadinl) are
no longer available individually, but they are avall-
able combined into s single rnaw option designatad
Option 015, Maka these changes wherever Option
007, 008, 013, or 014 is mentioned In the manual.

The front panel binding posts have been changed to
a typa with bettor des!qned insulation. Delate

the two types of posts listed on page 6-6 of the
parts list end add: black binding post, HP Part No.
1510~0114 {qty. 2); and red binding post, HP Part
No. 1510-0115 {qty. 1),

-Change the part nuﬁ:ber of pllot light DS1 to 1450~
. 0566, This new light is mare relisble than the

former onc.
PERRATA:

For ail instruments detivered on or after July 1,
1978, change tha HP Part No, for tuseholder from
. 14000084 10 :.ﬁ.hud., 21000664 wnd fuse- ;
't . hatder carrier 2100-0665. Change the HP Part No. '
for fuseholuer nut from 2650-0038 to 2110-0568,
- I oid fussholdsr must be ripleced for any resson,
raplade complets fussholder and nut with new . i
.. tuseholder parts, Do not nphct new plm with ‘
0 oldpan,
‘ ! PcH '\NGE 9 .
. I the parts list, change he HP Pm No forthe |
o ./ hinding potts and asoclated
S hlrﬁwm 13 the following: - ‘
Red bindlnqpoﬂ,qlv! IEIDNGI o
il 'ru-mrnn Mg gty 2 ;ﬁ:eomﬂ CEn T
f e

R Nut.q:v 2 12000001 GRS T

" Black binding post, gty 1 *15100\w L
:0360-1190 : © . Ty
Nut, qty 3 : 20E0-0144 '

Terminal lug, qty }

| 22479 L .
) | . . _HP PART NO. |

DESCRIPTION STANDARD OPTION A85 | OPTION X35
|1 "Front Pancl, Lettored | 06202-60004. . 5$6202-60001 | €—
| Heatsink, Rear ' 5060-7965 | 4————— | sos0-6120
Chassis, Right Side | '5060-7956 | €———=—= | sos0-6118
o Chassts, Left Side 5060-7955 | +———— | sos0-6119
S ,e,\ ‘ 'cbge}. Top 5000-9424 - | | so00-6061
R R;;,g_m (acc;,;my) sz | M4s20A-ASs | e———
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I MANUAL CHANGES

: _ ' DG POWER SUPPLY
o L : Model 62028
~ Manual HP Part No, 06202-50001

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

SERIAL

'
1

. CHANGE 1:

) 'On the Title Page cha
"6A" to "6K", , -
i

b
nga Serial Number Prefix from

ity Floure 4-5 and Paragraph 4-19, change CR3L to
'Vr3: Dlode, zener 4, 22V ,400mW, 09182, & Part
‘No, 1902-3070, /. . TR

) - o o ' .'. v
- In Figuté 4-6 remove R84 from collector efrcuft of -

Q7 and connect 1A serles with collector of QS,

o . : Py 1 . :
.. InTable 5-6:_"\Selected Semliconductor Character-~
. Istics", add NR3, Zener Diode,’ 4, 22V, 400mW, .

", 09182, M8 'Part No, 1902-3070. Also, remove

- Q4'and associated information from table, '

© ' _In the replaceable parts table

. changes:. . '

. " CR31:.Delete CR31, - .~ - ' '

. Q4: S8 PNP 51, , MJ2268, Motorola, & Part No,
e _

make the followln'g

- :1B853-0063, '

... Q% Change to 2N3391, G,E,, & Part No, .
1{1854-0071, L '
,29: Change to fxd, met, filmi 1, 5K, £1% 1/8W,
'"'CEAT-0, IRC,% Part No, 0757-0427,
. R33: Add new resistor, R39, fxd, met, film 1, 21K~
i 1% 1/8W, GEA T-C, IRGC, &: Part No, 0757- -
0274, i , . .
R40, 62: Change to fxd, me?, film 9004 1% 1/8W,
- CEAT-Q, IRC, & Part No, '0757-1099,
"R43: Change to fxd, met, film 4224 1% iw,
CEB T-0, IRC, & Part No, 0698-4590,
R47: Change to fxd, comp 4704 £5% W,
- EB-4715,A,B.,& Part No, 06664715,
R48: ‘Delote R48, , C .
.-, RB4: Change to 300, £5%, W, AB, EB-3015.
. : R86: fxd, met, film 6. 2K £1% 1/8W, CEA T-0,
: IRC, & Part No, 0698-5087, oo

o 0
oo

b ; . - R
y L P . . [

MAKE
Preflx Number CHANGES
8K 0581 - 0300 1
6k | 0801 -~ 1250 1,2
6k || 1251 - 1450 1,2,3
oK 1451 ~ 1650 $1,2,3,4
i 6K 1651 "'A2.470 1,2,3,4,5
ALL - ERRATA .
6k | 2471 - 2655 1 thru 6
6K - 2656 - 2745 1 thru 7 T
, 11492 2746-4265 1 thru 8 \
19304 | 4266wup 1 thru 9 'n

" @ Part No, 3100-1910,

¥

CHANGE 2:

In the replaceable parts table and on the schematic
change RB4 to fxd, comp 680, +5% W, EB-6815,
A.B,, & Part No, 0686-6815,

CHANGE 3:
In the replaceable paris table, make the followlng
changes: '
Q11,Ql3t Delete these two transistors and re-
place with new single differential amplifier (%
Part No, 1854-0221), Circuit connections on .
schematic remain the same with Q11 serving as -
the "A" side and Q13 the "B" side of the new
transistor, i
R40; Delete reslistor R40, ‘
R62: Change to fxd, met,’fllm 750, £1% 1/8W,
. GIAT-0, IRC, & Part No, 0757-0420,
R63: Change to var, ww 5K, Type 110-F4, CTS,
& Part No. 2100-1824, = - | :
R4, 65: Change to fxd, met. film 12Ka £1% 1/8W,
CEA T-0, IRC, & Part No, 0698-5088, o
VR4: Add new Zenor Dlode, VR4, 4. 22V 400ma,
.. 03182, & Part No, 1902-3070,
R ; .. : I \
On the schematic, delete resistor R0 in the meter
circuit and connect VR4 in its place, { Anode of vR4
to base of QIS and cathode to +12, ‘4_V. :

. )
_CHANGE 4; .

] ' - ‘

In the replaceable parts table, change R34 to fxd,
comp 3, 6Ka 5% 1W, EB~3625, A,B., & Part No,
0689-3625._ : . o

R

; J E
S ' CHANGE 5: . .
In the replaceable parts table and on the schematic,
add RE3, fxd, comp 100 £5% }W, EB~1015, A.B,,
@ Part No, 0686-1015, Connect R83 between Q4-

base and Q5-emitter,
CERRATA:
In the replaceabls parts table, make the following

. ¢hanges: '

Q3,5,8,10,12,14,15: Change to SS PNP Si,, .
2N2907A, Sprague, & Part No. 1853~0099, :

R47: Change to fxd, comp 470.'25% }W, A.B,,
@& Part No, 0€86-4715, L '

52t Change % Mater Rotary Switch, 09182, .

'

+
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