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About this Manual

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

HP References in this Manual

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

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

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available

product information on the Agilent Test & Measurement website:

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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siw . 1= DESCRIPTION o ' . e, Auto-Tracking, The power sp,}ply may -
i, ‘ ] ' be used as & "master":supply, having-control vover
h 1-2 This-power supply, Figure 1-1, is r:c:mpletelyr one (or more) "slave”. suppllies that furnish various ‘
. ) transistorized and suitable for either bench or ~ voltages for a system,
relay rack operation, It is a dual range, compact. ‘ . ; . ‘ S
il regulated, Constant Voltage/Current Lipiting sup- 1-6' ‘SPECIFICATIONS :
"-};\ : .ply. The unit can be operated in one of two modes ;
EJ’}.; " with selection of the operating mode provided by 1-7  Detailed speclflcatlons for the power supply
.\ the front panel RANGE 1sw1tch The output voltage are given in Table 1-1, . :
; ' ¢an be continuously agjus: pd throughout either . , E
L cutput range. The powur su ply is fully protected | -B OPTIONS ‘ .
! from overloads by a flxed ctirrent limit which 1s | ' :
sei by means of an Intenal adjustment‘ . : 1-9, Options are factory modifications ¢f a .
: ' standard {nstrument that are requested by the cus-
R ;-3 The power supply has both front and rear tomer, The following options are available for the
L terminals, Either the positive or negative output instrument covered by this manual, Where neces-
. tarminal may be grounded or the power supply can  sary, detalled coverage' of the optlons is lncluded
.’I"be operated floating at up to a maximum of 300 throughout the manual,
Do Volts off ground, : 4 ' ‘
) ' b ' QOption No, . .. Description :
1= 4 "I single meter 18 used to measure elther 07 . Voltage 10=-Turs Pot: A single control
cutput voltage or output current in one of two  that replaces both coarse and iine
r&nges for each operating mode. The voltage or voltage controls and lmproves output
carrent range is selected by the METER switch on settablllw.
the front panel, \ ' ;
T 11 Qvervoltage Protectlon "Crowbar"- !
- 1=~5 The programming terminals located at the ) s ' A completely separate circuit for pro-
‘roar of the unit allow ease in adapting to the many 1:*£Bctlﬂg delicate loads against power o
operational capabilities of the power supply, A ' suppiy fallure cr operator error. This
brief description of these capabilities is given - Independent device monitors the out-
below: - put voltage and within 10psec 1mposes
a, Remote Programmlng The power supp[y ! .+ . a virtual short=circult {crowbar) across
may be programmed from a remote location by ‘ the power supply output if tha preset
, means of an external voltage source or reslstance. . t:lp vcltage is exceeded, When Op-
Remote Sensing, The degradation'tn ., 1 tion 1l is requested by the customer
R regulatloh which would occur at the load because the device is connected at the facto- ,
: of the voltage drop which takes place in the load ;! ry. ' . . -
leads can be reduced by using the power supply in !
the remote .sensing mode of operation, o Trip Voltage Range: 2,5 to 44 Volts,
¢, Serles and Auto-Serles QOperation, Power ' screwdriver adjustable,
supplies may be used in series when a higher out- ; ' '
put voltage is required in the voltage mode of op~- : Detalled coverage of Optlon 11 is in-
) " eration or when greater voltage compliance is re~ ' cluded in Appendix A at the rear of
. quired in the constant current mode of operation, manuals that support power supplies
o Auto-Serles operation permits one knob control of containing Option 11.
the total output voltage from a "master” supply,
d, Parallel and Auto=-Parallel Qperatlon, 13 Three Digit Graduated Decadlal )
The power supply may be operated in parallel with : Voltage Control: Control that replaces o
a similar unit when greater output current capabll~ coarse and fine voltage controls per-
ity Is required. Auto-Parallel operation permits mitting accurate resettablility,
one knob 'control of the total output current from a i
"master” supply. ) 28 230Vac Input: Supply as normally N ,
: Iy l ‘
'_f:/ '
]
{ i !
' 1-1 j

www.valuetronics.com * . * | - N / -



& LI
EI B e e e e

.....

Qption No. = Description

| ' ;‘(28}'

. shipped is wired for 115Vac Input.

_Ortion 28 conslists of reconnecting the
! i.lput transformer, for 230Vac operatlon.

1-10 'ACQ_F.SSGRIES ‘ Co

1-11 The accessories listed in the following chart
may be ordered with the power supply or separately
from your local Hewlett-Packard fiald sales office
(r.efer to list at vear of manual for addresses),

. HP Pert No, " Description
C05 g" Black Handle that cen be attached
to side of supply.
145135 . Rack Kit for mounting one 3 t high
supply. (Refer to Section II fordetails )
145232 Rack Kit for mounting tvio 54" high
supplies. (Refer to Sectiun Il for de-
‘ tails.?} |
1-12 INSTRUMENT AND SERVICE MANUAL
IDENTIFICATION : '

1-13 Hewlett-Packnrd power supplleé are identlfied

1
b

/
1 i

www.valuetronics.com

1 N
' l
by a three-purt serial number tag. The f!rst phar
'ig the power supply model nur.ber. The second
par’ 15 the serial n'lmber preflx, which consists of
a numbci-1stter combination that denotes the dete

of a significant design change,, The number desig=

' nates the year, and the letter A through L desig- -

nates the month, Jaauary through December respect-
"' lvely, with *I* omitted. The thlrd part is the power
supply serlel number. '
1-14 If the serlal number preflx on your power:
supply does not agree with thu prefix on thd title
page of this manual, : ‘change sheets are included
. to update the manual Where applicable. back~
dating information is given in an appendix'at the
rear of the manual.

1-15 ORDERING ADDIT'ONM. MANUALS

1-16 One manual is shipped wlth each power sup-
ply., Additional manuals may be purchased from
your local Hewlett-Packeard fleld office (see list
at rear of this manua!l for addresses) Specify the '

~ model number, serlal number prefix, and HP part
number: provided on the title page.

i
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Table 1-1. Spedifications o o

Hi& ||l- I\Lilh.lJJilﬁ“hﬂL E—Jiu-f-m

LEEN

INPUT' by
- 115Vac * 10%, singl-’ phase, 48—440Hz.
. P :
: OUTPUT' o
~ 0-30 volts @ 1. ampere or O-GO v';lt'a @ 0 5 -
ampere. '

LOAD RBGULP"I‘ION :

Less than 0.01% plus AmV for & full loac to no -

10ad change in output current.
1 : ) ,
‘LINB REGULATION : !
Less than 0.01% plus 4mV for any)llne voltage
‘change within the input rating.

RIPPLE ANU NOISE: "
Loss thnn"ZOOerms / 15mV peak-to-peak,

TEMPERATURE RANGES:

! Operatlng. 0to 559C. Sterage: -40 to +75°C,
TEM“ERATURE COEFP!CIEIIT- . '
Less than 0.02% plus ImV per degree Centi-

grade.-

4

STABII.ITY'

Less than 0, 10?6 plus SmV total drift for eight
hours after an initial warm-up time of 30 minutes
at constant amblent, constant line voltage, and
constant load,

INTERNAL IMPEDANCE AS A CONSTANT
VOLTAGE SOURCE: - |
Less than 0,02 ohms from dc to IkHz.

. Less than 0,5 ohms from lkHz to 100kHz.
Less than 3.0 ohms from 100kHz to 1MHz,

TRANSIENT RECOVERY TIME:

Less than S0psec for butput recovery to within
10mV following a full 1oad current change in the
output, , |

OVERLOAD PROTECTION: .

B fixed current limiting circuit protects the
power supply for all overloads including a direct
short placed acrcss the terminals ln constant
voltage operation. Tiie current limit can be
changed by utillzing terminals available at the
rear of the unit,

i} OUTPUT '
. Three "five-way“ output posts ara provided on

! }
. POWER CORD:

MB’I‘ER' ’ ‘

The front panel meter can be used a5 elther o
0-70V or 0~7V voltmeter or as & 0 L.2A ot 0-0,12
ampere ammaeter. :

L

© QUTPUT CONTROLS

Range switch sqlects deslr-’d operatlng mode,

Couree and {lne volmg., conuols set desired out-
_put vmtaga. :

1

ERMII‘IALB' ;

the front pen:l and an output terminal strip is
located on the rear of the cha3ais, All power
supply output tPrminals are isolated from the
chasrsir Bi:d either the positive or negative ter-
minal may he connected to the chassls through a
separate ground terminal located on the output ,
terminal strip. " i . _,
ERROR SENSING: ‘

Error sensing 18 normally accomplished at the
front terminals if'the load is attached to the front
or at the rear terminals if the load is sttached to
the rear terminals, Also, provislion is Included
on the rear terminal strip for remote sensing.

] 1t

REMOTE PROGRAMMING:

Remote programming of the supply output at
approximately 300 ohms per volt in constant '
voltage operation is made avalilable atithe resr
terminals. ‘

COOLING: ¢
Convection cooling is employed The supply
has no moving parts,

SIZE'
31" Hx 12~5/8" D x B%" W. Two of the units

can be mounted side by side in a standard 19"

relay rack. . '

i
[

WEIGHT: 10 1bs.’ net, 13 Ibs. shipping.

i R '
FINISH: ‘nght‘ gray panel with dark gray case.

1

- A three-wire, five-foot: power cord is provided
with each unit,

www.valuetronics.com
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2-2. Beiore shipmont, this mstrument was in-
spected and found to be free of mechanical and '
sleotrical defects, As soon as the Instrument i8
unpacked. inspect for any damage that:may have -
occurred in transit, Save all packing materials
until the inspection is complated, If damagse Is
found, a'claim should be filed with the carrier,
Hewlett-Packard Sales and Service offlce should
be notifled, “ . ; ‘ ;

2-3, MEGHANICAL GHEGK,,
. ) .
2-—4 This check should conflrm that there are no
broken knobs or connectors, that the cabinet and
panei _5urfaces_ are free of dents 'and scratches,
ard that the met_ar'is not scratched or cracked.
2-5 ELECTRICAL CHECK Sy
2-6 The Instrumen' should be checked ugolnst lts
electrical specifications, Section V includes an
*in~cabinet” performance check to verify proper
instrument operation,

. 2.7 INSTALLATION DATA C Lo
2-8 The instrument 15 shippod ready for bench
operation. It 15 nacaessary only to connect the in-~"
strument to a source of power and it is ready for
operation,

2.9 LOGATION ., _ {

J
!

2~10 'I'his Instrument is air cooled Sufficient |
space should;be allofted so that a free how of
cooling air can reach the sides and rear of the in-
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L

Qutline Diagram

how both types of lnstnllatlons are ccomplished

. 4

ci 2= 15 T mount two unlts sideuby-s de. proceed

strument when it 15 in operatlon. It 'should be'used o

in an area where the ambient temperature does not
exceed 509C, = o

2-11 oumns DIAGRAM -

2-12 Pigure 2 1 15 an outline diagram shouing the
dimenstont of the lnstmmont

213 RACK MOUNTING I SE

K

2-14 Thls fnstrument may be rack mounted Ina "

as follows: \ :
‘a,’ Remove the four screws from the {ront

.panels of both units,;

b, Slide rack mohhtlng ears between the

" front panel and case of each unit, '

standard 19 inch rack panel elther alongside a -

similar unit or by itself, Flgures 2-2 and 2=3 show ! straps. and angle brackets to each side of center

!

www.valuetronics.com

¢, Slide combining strip between the front
panels and cases of the two units,

d, After fastening rear port'ons of unlts to-
gether uging the bolt, nut, ‘and spacer, replace
panel sCrews, )

2~ 16 To moupt a single unit in the rack panel,
proceed as follows:
a, Boltrack mountlng ars, oomblning




L3

oo 1 RS, N IR . 00 1 10 G WAUHF N 0 O ICRVHRDIOE { OUGARY MO ph W
e e LT e e LR - R E R LT LR T S IEEEIEE . s el hY e + st LI A "
f l ;,; ..=.. : i J ) _
' ' :‘
| o : . - . H ] i
D | - .' B ' :E
. ! ) ‘ . -
! iy T
i
R RACK EAR
' rilin
(A el
—— 6| «—|o @
‘ 0
':%ﬂ-‘nnm c;::ﬁ”%v
| 9 sf —o|io
’ ‘i COMBINING
l; ; BTAY
/
/ : :
f 'Figure 2-2, Rack Motinting, Two Units’
/ ) .
/
) ;" . ‘
i
v ; !
} ! o
| SPACING
- PANEL
i
{i : . i
N [ "
i e of ¢ IFemirTy ° 0
2 6
| o L == frosgry
' orry
! | @ - 'G| 0
I ol |* ] ] 0 ‘ : o [
- ' COMBINING
STRW
]
Figure 2-3, Rack Mounting, One Unit

www.valuetronics.com

] WPMomr



) spaclng panels, A.ngle brackets are placed behlnd ; S
*. combining straps as ghown in Figure 2-3, ‘ !
' b, Remove four scraws from front panel of _ )

oo andt,
b . ¢, Slide comblning strips batwean front

panei and case of unit, ,
L ~.d, Bolt angle bruckets to front sides of case
E _ and replace front panei screws, ‘

2-17 INPUT POWER REQUIREMENTS ‘

2-18 This power supply may be operated from

either a nominal 115 Volt or 230 Volt 48~440 Hertz

power source, The unit, as shipped from the fac-
f tory, 18 wired for 115 Volt operation, The input

power required when opersted from a 115 Volt 60 Zﬁﬁiﬁ‘%ﬁﬁ%ﬁ”'“‘“

. Hertz power source at full load is 31 Watts and ' [1SVOLT OPERATION .
v - 0,35 Amperes. ‘

2-18 CONNECTIONS FOR 230 VOLT.OPERATION

2-20 Normally. the two primary windings of the :
input transformer are connected in parallei for op~
eration from 115 Volt source, To convert the power
supply to operation from a 230 Volt eource, the _
power transformer windjigs are connected in series |
as fo!lows' . . !

- Unplug the line cord and remove the unlt _
from case. i
' b, Break the copper between 54 and 55 and ,
also between 50 andi51 on the printed circuit

|
|
board, These are shown in Figure 2-4, and are . _ . YRANSFORMEN PRINARY

]

labeled on copper slde of printed clrcuit board, ‘ CONNECTED FOR
.¢, Add strap tetween 50 and 55, . o 230 VOLT DPERATION
i 'd, Replace exlsting fuse with 1 Ampere, : . - .
2301Volt fuse, Retum unit to case and operate ! NOTE: CONNECTIONS BETWEEN
normaily, - » 30 51, 548 35, ARL MADE

! - o ‘ WITH COPPER ON THE PRINTLD
: ' - = : g v CIRCUIT BOARD. 1nrzst

- CONNEICTIONS MUST BE
2-21 POWER CABLE ‘ REMOVED FOR 230V
UPERATION, THE CONNECTIONS

-22 To protect operijting personnal. the National : og ;stul’uﬂsl:ﬂtl)“ﬂ:ctl:‘l':" .
A
Electrical Manufacturgrs Assoclation (NEMA) re<~ B EPARATE EXTERNAL
ommends that the insi ment panel and cabinet be : ;g’::;gﬂgg ‘";g! BETWEEN

grounded, This instrument is equipped with a ,
three conductor powel| cable, The third conductor ' \
s the ground conductpr and when the cable is o o
plugged Into an appropriate receptacle. the instru~ ‘ ‘ !
ment is grounded, Tk offset pin on the power . A
cable threé=-prong cm. ector is the ground connec=

Pigure 2-4, Primary Cosnectlons §

tion, i , _ | o

: . : ‘ ‘ o
IS i . . i B | .
; 2-23 'lfo;hpres?rve the protection feature when op- _Instrument be used, The rriginal packaging mata-
. erating the instrument from a two-contact autlet, rial Is reusable, If it {5 riot avallable, contact |

useta“:hree-prolng 50 F‘T‘%‘_Pf‘:jng adapter a"-dd‘-'-c"' your local Hewlett~Packard fleld office to obtain g
nect the green lead on the adapter to ground, the materlals, This offtcs, will algo furnish the

)] | i
b address of tha2 nearest service office to which the
2-24 REPACK"G'NG -‘FOR SHIPMENT instrument can be shipped, Be sure to attach a

\ : H ‘: : tag to the instrument which specifies the owner, .
2-25 To insure safe shifnment of the instrument, it model number, full serlal numbes, and service re-
is recornmended that the: nackage designed for the quired, or a brief description of the trouble,

www.valuetronics.com




. o ‘ : { i . .
3-1 TURN-ON GHECKOUT PROCEDURE
(r 5 :\_‘ . b G

b

1’Flo;;ure 3-1.

| \ - : .
Front Panel Controls and Indicators

. | \“‘i
i

3-2" The front pa\nek controls and indicatnrs are
'shown i Flgure 3~1, The normal turn-on sequence,
is wescribed below:
A, Set ac powar switch to on @ o

B.. Obsewe that pilot light goes on @ '
C, Set range switch (;) to desired operat-
ing mode and meter swnch t desiregi voltage
range, ;

0t

D, Adjust cdarse and fine voltage controls
until de:iired output volwage is indicated on

m@n ‘
E. Set meter switch to highest current range
and short circuit output:terminals,
F. Observe short circuit output current on .
meter. '
G. Remove short and connect. Ioad to output
terminals (front or mar)

3-3 OPERATING MODES

!

: 3=4 The power supply is designed so that its
mode of operation can be selected by making

. strapping connections between particular terminals
on the terminal strip at the rear of the power sup~
ply. The terminal designations are stenciled in
white on the power supply above their respective
termlnals. Although the strapping patterns illus-
trated in this section show the positive terminal
grounded, the operator can ground either terminal
or operate the power supply up to 300Vdc off
ground {floating). The following paragraphs de-
scribe the procedures for utilizing the various op~
erational capabilities of the supply. A more theo-

www.valuetronics.com

SECT
- JPERATING

joNmm. -
INSTRUCTIONS

retical descriptic ) concaming these operational
features. is contalned In Application Note 90 and
fn various Tech Tetters,. Coples of these can be
obtained from your local Hewlett-Packard fleld
office. : ‘

. '
i

3-5 NORMAL OPERATING MODE

3-6 Tme power supriy is normally shipped wlth
its rear terminal strapping connectlons arranged
for Constant Voltage/Current Limiting, local sens-
ing, locul programming, single unit mode of oper-
ation, This sirnpping pattemn is {llustrated in Fig-
ure 3-2, The operator selects a constant voltage
output uséng the front panel'controls {local pro-
;,,‘gramming; no strapping changes are necessary)

I
i

|
Al A2 AG. AT A8 A9 -S — GND. ¥+ +5 A0
1

Figure 3-2. Normal St'rappllng‘Patterh

3-7 CONSTANT VOLTAGE

3-8 To select a constant voltage output turn on
the supply and, with no load connected, adjust
the VOLTAGE controls for the desired output volt=
age, To check the current limit, connect an ex~

~ ternal emmeter across the output of the supply,
turn the VOLTAGE controls fully clockwise, and
observe the reading, The current limit is factory
adjusted to approximately 100mA above the current
rating of the supply. If the existing current limit
is not compatible with the anticipated load re-

- quirements, the limit can be changed as outlined
in the following paragraphs,



; : i
3-9 CHANGING GURRENT LIMIT ' -
3-10 The current limit can be varied by adjusting
resistor R81, located on the printed wiring board, °
This adjustment procedure is described In Para~
graph 5-74, In Models 6204B and'6206B, the cur-
rent limit may be reduced to a value lower than
that'attainable by adjusting R61, by adding an ex~
ternal resistor as shown'in: Figure 3-3, The ap~
proximate value of the external resistance (Ry) can
be determined by using the following equatlon,

where: Ip = the output current
. Ry = the internal current sampling resist~-
' ance for the particular opgrating mode’
‘ to be used, - o
© 1,78 = the approximate voltage drop across
' the internal sampling resistance at
the current limlt crossover polnt,

H |

NOTE

The power supply's pjarformance will -

be somewhat degraded if it i5 operated
too close to (within 100mA) the current
limit crossover point, :

o ’
' j

.": [

i . E ; i !
) “M ‘A2 A6 AY AB A9 =5 —~ GND + +8 A0

 [plekglolelalele

L = w7
J N\, C
f i .
] : v

Ry ! Ry

=E‘igure 3-3. Current Limit Alteration

3-11 CONNECTING LOAD

3-12 Each load should be connected to:the power
supply output terminals using separate pairs of
cor.necting wires. This will minimize mutual cou-
pling effects between loads and will retain full
advantage of the low outpi't impedance of the power
supply. Each pair of connecting wires ‘should he,

as short as possible and twisted or shielded to re~. '

duce noise pickup. (If shield is used, connect one
end to power supply ground terminal and leave the
other end unconnected.) '

t

3-2
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3-13 If load consliderations require that the output

power distribution terminals be remotely lochted

. from the power supply, then the power supply out-

put terminals should be connected to the remots,

, distribution terminals via a palr of twisted or *
shielded wires and each load separately connected .
to the remote distribution terminals, For this case,
remote sensing should be used (Paragraph 3-25),

3-14 OPERATION BEYOND NORMAL RATED QUTPUT

3-15 Although the supply can dellver greater than
tlie rated output on hoth the lower and higher volt-
age ranges without being damaged, it can not he
guaranteed to meet all of its performance specifi-
catlons. Generally when operating the supply In
this manner, the output is unstable when connect-
ed {0 a load, When greater than the lower rated
voltage is required, the higher voltage range
should be used. This range will dellver half as

" much output current and all specifications will

apply as llsted In Table 1-1, However, if the line
voltage is maintained above its nominal value, the
supply will probably overate within specificatlons
above its rated output. ’

3-16 OPTIONAL OPERATING MODES

3-17 REMOTE PROGRAMMING, CONS<TANT VOLTAGE

'3-18 The constant voltage output of the power
supply can be programmed {(controlled} from a re-
mote location #f required, Fither a resistance or
voltage source can be used for the programming
device, The wires connecting the programming
terminals of the supply i‘frf the remote programming
davice should he. twistes cr shielded to reduce
nolse pickup, The VOLTAGE controls on the front
panei are disabled acconiing to the following pro-
cedures.. :

3-19 Resistance Programming (Figure 3=4), In
this mode, the output voltage will vary at a rate
determined by the programming coefficient {200
ohms per Volt for Model 62048 and 6205B or 300
ohms per Volt for Model 6206B). The output volt-
age will Increase by 1 Volt for each 200 ohms (or
300 ohms) added in serles with the programming
terminals, The programming accuracy is 1% of the
programmed voltage. If greater programming ac-
curacy Is required, it may be achieved by chang-
ing resistor R13 as outlined in Sectlon V,

3-20 The output voltage of the power supply .
should be zero Volts & 20 millivolts when zero
ohras |s connected across the programming termi-
nals, If a zero ohm voltage closer than this {5 re-
quired, it may be achiéved by changing resistor
R6 or RB as described in Section V,




oy ‘ , .

Al A2 AB AT AB AR ~5 — KD + +5 AlO
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3-21 To mathtain the stability and Lf,-mperature
coefficlent of the power supply, use programming
resistors that have stable, low nolse, and low
temperature {less than 30ppm per degree Centi-
grade) characteristics, A switch can'be used in
conjunction with varlous resistance values in .
order to obtaln digcrete output voltages, The
switch should have make~before-break contacts
to avoid momentarlly opening the programming
termlna}s during the switching interval,

3-22 Voltage Programming (Figure 3-8). Employ
the strapping pattermn shown on Figure 3-5 for
v:ltage programming, In this mode, the output
voltage will vary in a 1 to 1 ratlo with the pro-
~ gramming voltage {reference voltage); and the load
" on the programming voltage source will not exceed
25 microamperes,

t

Al AZ AB AT 4B AD -5 — GND + 435 A0

RIRIDIPI2[R

| ) w— "

REFERENCE
VOLTAGE

Figure 3-5, Remote Voltage Pragramming

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

www.valuetronics.com

programming voltage source should he approxi-
mately 1000 ohms if the temperature: ind stability
specifications of the power supply are to be main~
tained. The programming accuracy is 1% of the
programmed voltage,

3-24 Methods of voltage programming with gain
are discussed in Application Note 90, Power Supply
Handbook: available at no charge from your local
¢ Sales Ofﬁce. _

3=-25 REMOTE SEVSING (See Flgure 3-6)

3-26 Remote se'nslng is used to nmaln: n good
regulation at the load and reduce the acgradation
of regulation which would occur due to the voltage
drop in the leads between the power supply and
the load, Remote sensing is accomplishf;u by uti-
lizing the strapping pattern shown . Figure”3-6,
The power supply should be turned off before
changing strapping patterns, -The leads from the
+8 terminals to the load will carry less than 10
milllamperes of current,’ and it is not required that
these leads be as heavy as the load leads, How-
ever, they must be twisted or shielded to minimize

noise pick-up,

b i
—CAUTION

Observe polarity when'connecting the
sensing leads to the load,'

Al A2 AG A7 A8'A9 -5 — GND + +S AID

UPRIRIPIR Q??‘F_?

Figure 3-6, “Remo\te Sensing

3-27 Por reasonable load lead lengths, remote
sensing greatly improves the performance of the

sapply, However, if the load is located a consid-
erable distance from the supply, added precautions

1St be observed to obtain satisfactory operation,
Motice that the voltage drop in the load leads sub-

o




trautf directly frorn the available cutput voltage
and also redu;.es\ :he amplitude of the feadback er-
ror signals that are developed within the unit, Be-
cause of these factora it 1 recommended that the
drop. in each load lead not exceed 1 Volt, If a
larger drop must be' tolerated. pleaso conult a ¢
salas englneer. h . ‘ .

I R K ‘

L ”'Norsg”“

Due to the voltage drop ln the load
: Ieads.\it may be necessary. to readjust
| ‘i the current limit In the remote sensing
‘' mode, . - _ |

i
L .\\

[

Bl I
3-23 Another factor that must }-e considered s
the inductance of long load leads which could af-
fect tha stabmty of the feedback loop and cause
rscillatlon. In' these cnses. At is recommended
that the output capaci -r (CZD) be physically re~
moved from the raower supply an:. placgd across
the outpm‘. tar{nim!ks - . ‘( . ‘ .
3= ZQ Although the strapptng pattems shown in
Figu 86’ '3-4 and 3-5 employ local sensing, notice
that it Is povslble to operate a power supply si-
multaneously in the' remote \sensing. and the remote
programming modes. S .

1

\
3 30 SERIBS OPBRATION '
3-31 o al Series onnections iqure 3-7
T\»o or more power, supplies can be operated in
serles to obtain a Ligher voltage than that avail-
sble from a single supply,: When this conflguration
i{s used, the outbutlvoltage ls the sum of . the volt-

i Al A2 AB M’ M AQ -3 —-GND + +5 AlQ0

i Q@QQ@QQQMI@W

[T
. ":ll‘l-lAZ A6 ﬂ'f‘: fa lQ_—_-\S ;- G:‘D?‘ +5 .AiIO

Vol L
) ok P

i \ V.

R Fté@iﬁ_S-?. Normal Serles C'onr_\et:tion's

oy
)1...\-'
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3-4

ner(s} 15 on,

ages of the individual supplies, B&ch of the indi-
vidual supplles must be adjusted in order tp obtain
the total output voltdge. The power\aupply con-
tains a protective dlode connected Dijternally
across the output which protects the isupply if one
power supply is tirned off whi'~ its series part=

¥
3-32 Auto-Serles Connections (Figure\3-8), The
Auto-Serles configuration is used when\ it is de-
sirable to have the output voltage of eath of the
serles connected supplies vary in acco:iance with
the setting of a control unit, The control unit is
called the master; the controlled units ate called
slaves, At maximum output voltage, the voltage
of the slaves is determined by the settingt of the
front panel VOLTAGE control on the mastel, The
master supply must be the most positive shipply of
the serles, The current limit settings of all serlss .

Al A2 AG AT AB A9 ~S — GND + +5 AIO \ '
2lolelelolelal2l2lR @l P) st
| s w

Ry 3LoAD
m faVa e Ve O

' o|o|e 0|9|o|0|o|o]| stave

Al - A2 A6 AT A8 AS =5 —~ GND + +3 AIO

¥

Al A2 AS A7 AB AD -8 — GND + +3 AlO

qlelelgiolqlplolelglgle] wisrer |

Gl bd WS

: !Rx - |
] ’ ‘ i
Al A2 A6 AT AslA9 -5 — GND|+]+S AlD | : \
2lole 7& qlglelelQlolel v | ||

e |
- A v |
L é[é 5[@ olo] vy

Al A2 AG AT A8 A9 -5 ~ GND + +5 AlO

v

Figure 3-8, Auto-Serles, Two and Three Units
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: |




units are effective and the current limit for the
entire configuration is equal to the lowest current
Umit setting, If any of the settings aro too low,
automatic crossover to current limiting operation
will oconr end L& vutput voltage will drop, Re-
mote sensing and ,:rogrnmmlng can be used; how-
- aver, the strapping arrangements shown in the ap-
plicable figures show local sensing and program-
* ming,

o |

3-33 In order to maintain the temperature coeffi-
clent and stability specificutions of the power
supply, the external rasistors (Ry) shown in Figure
3-8 should be stal” - low noise, low temperasure
coefficient (less wan 30ppm per degree Centiyrade)
resistors, The value of each resistor ig Yependant
on the maximum voltage rating of the master sup-
ply, The value of Ry is this voltage divided by the
voltage programming current of the slave supply
(1/kp whare Ky, is the voltage programming coeffi~
_ clent) The voltage contribution of the slave is
determined by its voltage control setting.

Al A2 AB AT AB AD -3 — GND + 45 AlO

IQ @ MASTER
A hd
AN =
LOAD

[
o|o|o|o|o] s.ave
= GND + +5 Al .

Al A2 A6 AT AB A9 «S =~ GNO + +5 AI0

Quﬁ ‘_?_ m)@u? MASTER

"'.
LOAD

N
vjofo|o]e|glelalola) i

Al AZ] A6 AT AB A9 ~5 -—|GNODl+|+8 AlD

/ i
I3 Toldie[B o2 [oa) e

Al A2 AG AT AB A9 =5 =~ GNO +}+5 A

'3~34 Auto-Parallel, The strapping patterns for
Auta=Parallel operation of two and three power sup-
plies are shown In Figure 3-9, Auto-Parallel op~
eration permits &qual current sharing under all lcad
conditions, and allows complete control of the out=
put current from one master power supply. The out-
put current of each slave will be approximately
equal to the master's regardless of the load condi-
tions, Because the output current controls of each
slave are operative, they should be set to maximum
to avold having the slave revert to constdnt current

' operation; this would occur If the master cucput

current setting exceeded the slave's,
3~35 A}ITO—TRA?KING OPERATION (See Figure 3-10)

3-36 The Auto-Tracking configuration is used
when It is nocassary that several different roltages
referred to a colamon bus, vary in proportion to the
setting of a particular instrc nent (the contiol or
master). A fraction of the master's output voltage

|

Al A2 AG AT A8 A9 -5 - GND 4+ +5 ﬁIOl

Qlplelelelelpglolelglp] uasrerx

L = B =

fam | fams W i |

[é[b 0lo|ble|d élé SLAVE

Al AZ A6 AT AB A3 -3 — OND + +5 AID -
Al A2 AG A7 AB AS =5 =~ GNP + +5 AIO

2lelel

MASTER #

1

Al A2 A€ AT]AB A9 ~51— GND + +5 A0

olelolol2lpp]e QI‘P SLAvE

'

| - | — e ot
"’:.2 )
' ::RY !. A3
F vt v | ™ _Nw}\l—\
e DL I B s

Al A2 AG A7 AB A9 -5 - GND + +S AIC !
% MASTER MUST BE POSITIVE SUPPLY

Figure 3-3, Auto-Parallel, Two and Three Units
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Figure 3~10. Auto-Tracking, Two and Three Units



is fed to the comparison amplifier of the slave sup-
ply, hus controlling the slave's output, The mas-
ter must have the largest output voltage of any
power supply in the group (must be the most posi-
tive supply In the example shown on Figure 3-10},
3-37 The output voltage of the'slave ls a percent~
age of the'master's output voltage, and is deter-
mined by the voltage divider consisting of Ry (or
Ry and Ry) and the voltage control of the slave

supply, RPI Whelm'-' . EMRP

Turn-on and turn=-off of the power supplles is con~
trolled by the master, Remote sensing and pro-
gramming can be used; although the strapping pat-
terns for these modes show only local sensing and1
programming, In order to maintain the temperature
coefficient and stability specifications of the pow-
er supply, the external resistors should be stable,
low noise, low temperature {less than 30ppm per
0C) resistors, '

3-38: ‘SPECIAL OPERATING CONSIDERATIOHS |

3-39 PULSE LOADING

3-40 The power supply will automatically cross T
over from constant voltage to constant curnt op-
eratlon in response to an increase {over the preset
limit) in the cutput current, Although the preset
limit may be set higher than the average output
current high peak currents (as occur In pulse load-
ing) may exceed the preset current limit and cause
crossover to occur. If this crossover limiting is
not desired, set the preset limit for the peak re-
quirement and not the average,

' )
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3=-41 OUTPUT CAPACITANGE ;

3-42 An intemal capacitor, across the output ter-
minals of the power supply, helps to supply high~
current pulses of short duration during constant
voltage operation, Any capacltance added exter~
nally will improve the sulse current capabllity, bui
will decraase the safety provided by the current °
limiting circuit, A high-current pulse may damage
load components before u‘;e average output current
is large enpugh to cause the current limiting cir-
cuit to operate, ‘

1

3-43 REVERSE VOLTAGE LOADING

3-44 A dlode Is connected across the output ter-
minals, Under normal operating conditions, the
diode is reverse biased (anode connected to neg-
ative terrinal), If a reverse voltage is applied to
the outp.t torminals (pesitive voltage applled to
negative terminal), the dlode will condust, shunt~

'ing current across the output terminaiz and limit-

ing the voitage to the forward voltage dyop of the
diode. This dliode protects the series transistors
and the output electroiytic capacitors,

5 3~-45 REVERSE CURRENT LOADING :

3~-46 Active loads connected to the power supply
may actually dellver a reverse current to the power
supply during a portion of its operating cyclo, An
external source cannot be allowed to pump current
into the supply without loss of regulation and pos-
sible damage vo the output capacitor, To avoid
these effects, it is necessary to preload the sup-
ply with a J.ummy load resistor so that the power
supply delivers current through the entire operat-

ing cycle of the load device.




. SECTIONIV .
PRINCIPLES OF OPERATION
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.Plgure 4-1, Overali Block Diagram
A :| ) '
4-1 . QVERALL DESCRIPTION an error signal to the serles regulator via the error
[ : amplifier and driver stages, This error signal
4-2 . The malor circults of the power supply are changes the conduction of the series regulator so
shown on the overall block diagram Figure 4~1, that a constant output voltage Is maintained,
4-3 The ac line voltage is first applied to the 4=5  Changes In output current are reflected in the
power transformer, The tap for the appropriate voltage drop across the current sampling resistor
voltage range is selected by 52, The input is then network. If this voltage drop exceeds a preset
rectified and filtered. This raw dc is then fed to limit, the current limit transistor conducts, send-
the serles regulator which alters its conduction to ing a turn-down signal to the serles regulator via

obtain the proper regulated dc output voltage,

the driver, This signal changes the conduction of
the serles regulator so that the output current is

4-4 Any changes in output voltage are felt by the limited to the proper value,
constant voltage comparator which compares a .
portion of the output with a fixed reference voltage, 4-6 The reference circuit provides stable refer-
If a difference exists, the comparator circuit sends .. ence voltages used In the constant voltage com-
’ i
4=-1
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parator and curent limit circults, The bias clrcuit
provides the less crlticdl bias voltages used in
the supply. .

4«7 The meter clrcuit provides a continuous In-
dlcation cf output voltage or current in both ranges, |

4-8 DETAILED CiRCUIT ANALYS!S ,

ponents), Transistor Ql cunsists of two transistozs
housed in a single package, - The transistors have
matched characteristics minimizing differantial
voltages due to mismatched stayes, Moreover,
drift due to thermal differentials is minimized,

./ 8lnce both transistors operate at essentially the

game temrrerature.

. 4=17 The constant voltage comparator continuousg=

4-9 ] '
4-10 The feedback loop functions continuously to
keep the output voltage constant during normal op~-
eration of the supply. For purposes of this discus~
sion, assume that the output voltage instantane-
ously rizes (goes posltlvo) due to a variation in the
external load circuit. Note that the change may be

i

positive going ac signal, An ac signal is coupled
to summing point A6 through capacitor Cl and a dc
voltage 1s coupled to A6 through R10,

4-11 The rise in output voltage causes the voltage
at A6 and thus the base of Q1A to decrease (go neg-
ative), Q1A now decreases its conduction and its
collector voitage rises. The positive going error
voltage is amplified and inverted by Q3 and fed to
the base of the series transistor(s) via emitter fol-
lower Q4. The negative going input causes the
saries transistor(s) to decrease Its conduction so .
that it drops more of the line voltage, reducing the
output voltage to its original level,

4=12 If the extemal lcad resistance decreasec to
a certain crossover point, tha supply will operate
in the current limiting mode, In the current limit
moda, QL0 conducts sending a negative going,
tumn-down signal to the series regulator via driver

Q4. |
4-13 SERIES REGULATOR '

4-14 The series regulator consists of transistor
stage Q7 (and Q6 on Model 6206B), The regulator
serves as a serles control alemeni by altering its
condvation so that the output voltage is kept con-
stan - and the current'limit 1s never exceeded, The
conduntion of the transistor{s) is controlled by the
feadback voltage oktained from driver Q4. Dlode
CR11, connected across the regulator circuit, pro-
tects the serles transistor(s) against reverse volt-
ages that could develop across it during paralle} or
auto-parallel operatipn if one supply is tumed on
befor the other, | ‘

'4-15 CONSTANT VOLTAGE COMPARATOR

|
'

4-16 The circult consists of ihe coarse and fine |
programming resistors (RLOA and R10B), and a dif-
ferential amplifier stage (Q1l anc ._soclated com~

FEEDBACK LOOP . - \ A

. tential,

ly compares a fixed reference vo‘*age with & por~
tion of the output voltage and, if a dliference ax-
1518, produces an error voltage whose amplitude

. and phase Ig proportionai to the difference, The

error output is fed back to the series regulator,
through the (mixer) error and driver amplifiers, The
errar voltage changes the conduction of the serles

;' regulator which, In tum, alters the output voltage
in the form of a slow rise in the output voltage ora -

go that the differance between the two inpuat volt-
ages applied to the differential amplifier is reduced
to zero, The above action malntalna ‘he output
voltage constant :

4-18 Stage om of the differential amplifier is
connected to a common (4+S) potential through im-
pedance equalizing resistor R5, Reslistors R6 and
R8 are used to zero blas the input stage, offset~
ting minor base=to-emitter voltage differences In
Q1l, The base of QlA Is connected to a summing
point at the junction of the programming resistaxs
and the current pullout resistors, R12 and R13,
Instantaneous caanges In output voltage result in
an increase or decrease {n the summ’ .g point po-
Q1A is made to conduct more or less, In
accordance with summing point voltage change,
The resultant output error voltage is fed back to
the serles regulator via the remaining components
of the feedback loop, Resistor Rl, in serles with
the base QIlA, llmits the current through the pro-
gramming resistors during rapid voltage turn-down,

‘Diodes CR1 and CR2 form a limiting network which

prevent excessive voltage excursions from over
driving stage QlA, Capacitor C1, shunting the )
programming resistors, increases the high frequen~-
cy gain of the input amplifier, Resistor R13, shunt-
ing pullout resistor R12, 1s factory selected so

that all of the +6,2 Volt reference is dropped across
R12 and R13, Linear constant voltage programming .
i3 assured with a constant current flowing through
R10, C20 stabilizes the feedback loop and may be

,,yeqnoved to avold current surges and increase the

programming speed, : I . i

' -’4 19 ERROR AMPLIFIZR AND DRNER

'-,4-20 The error and driver amplifiers amplify the

42

:error signal from the constant voltage comparator

circuit to a level sufficient to drive the serles
regulator transistor(s), Driver Q4 also recelves a
current limiting Input if Q10, the cutrent limiting

transistor, conducts, ‘

i |




4-21 Stage Q3 contalns a feedback equallizer net-
work, CS and R30, 'which provides for high fre-
quency roll off in the loop gain In order to stabilize
the feedback loop. Q17 establishes a stable emit-
ter biag potential for erro:” amplifier Q3. Emitter i
follower transistor(s) Q4 (and Q5) serves as the
driver {and predriver) element for the serles regula~
ror, - i ’

4-22 GURRENT LIMIT CIRGUIT

4-23 Tha current limit circuit limits the oytput
current to a preset value determined by the setting
of RB1, Switch 82B selects the propar eampling
resistance to maintain an equal voltage drop across
the current sampling network in both ranges,

4-24 When S2 18 set to the 20 Volt position, R54
and R55 are connected In parallel, When 52 is set
to the 40 Volt position, the current sampling net-
work conslsts solely of RS4, Note that In the
twenty Volt range, twice as much current can be
delivered as in the forty VoIt range, Since the
twenty Volt range has a sampling resistance equal
to half the value of that for the forty Volt range, an
equal sampling resistor vo':xge drop s obtained in
both ranges, This also applies to 5% in the 62068,

4-25 ROl sets the bias of Q10, and thus. the
threshold polm. &: which Q10 conducts and current
limiting begins, If this threshold is exceeded, Q10:
bagiis to conduct, forward biasing CR16 and send-
ing a tum=-down signal to the series ragulator via
the driver, If the cument through the current sam-
pling network decreases below the threshold point,
Q10 tums off and no longer affects the operation of
the supply.

H

4-26 REF ERENCE CIRCUIT

4-27 'l'he reiamnce circuit (see schemauc) is a
feedback power supply similar to the maln supply.
It provides stable referenca voltages which are
used throughiout the unit. The reference voltages
are all derlved from smoothed dc obtained from the
full wave rectifier (CR22 and CR23) and filter cap-
acitor C10, The'$6,2 and -6,2 voltages, which are
used in the constant voltage input circult for com-
parison purposer;,’ are developed across temperature
compensated Zener diodes VR1 and VR2, Resistor
R43 limits the current through the Zener dlodes to
establish an optimum bias level,

| . ]: . ’ .
. » , 3

i 4-3
]
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4-28 The referenca circult conslsts of series req-

ulating transistcr Q9 and ervor amplifier Q8, Gut=-'

put voltage chauges are detected by Q8 whone base
is connected to the junction of a voltage dlvider
{R41, R42) connected dlrectly across the supply,

- Any error signals sre nmpllﬂed and inverted by Q8.

and applied to the baae of series transistor Q9,
Tha series elament then alters its conduction in the
direction, and by the amount, .necessary to main-,

_ tajn the voltage across YR1 and VR2 constant, Re~-

sictor R46, the emltter resistor for Q8, is connectad
in a manner which minimizes changes (n the refer—’f
ence voltaga caused by variations In the input line,
Qutput capaclitor C9 stabilizes the regulator loop,”

4-29° METER CIRCUIT (Figure 4-2)

4-30 Tiie meter circuit provides continuous indl- |
cations of output voltagse or cuirent on a single
multiple range meter, The meter can be used -elther
as a voltmeter or an ammeter depending upon the '
position of the MZTER section of swiitch S2 on the
front panel of the aupply. This switch also uelects
one of two meter ranges on esch'scale, The meter.,
clrcult consists of METER-RANGE switch 82. !furl-
ous multiplying resistors and the memr.mowment

4-31 When measuring voltaqa. the mo_bz ls placed
directly across the output of the supp ,y between '
the +S and -S terminals. With the METER section .
of 82A In the higher voltage position (terminals A2
and Al0) multiplying resistors R60, R61,'R72, and, -
the parallel combination of R73 and R87, are in '
series with the metar, For low output voltages, the
METER switch 82A can be set to the first position
(terminals 1 and 9) which removes R61 from it3
series position allowing a larger percentage of the
outrut voltage to be felt across the meter,

4~32 When measuring current, the meter circult is
connected across the current sampling resistor
network as shown on Pigure 4-2 and lndtcat-n tne
output current that flos through the network Tha
RANGE section S2B conn-:cts the approprlnte re-
sistance In gserles with the meater 5o that its maxi-
mum deflection range is full-scale in the high cur~
rent (low voltage) operating mode and half-scale in '
the low current (high voitage) operating mode, This'
circuit obviates the nced for a dual current scale
which would be necessgary since the voliagesdrop~
ped across the current sampling network in both

1

 operating modes are equal for proportional currents,
. R
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5.1 INTRODUCTION

5-2  Upon recalpt of the power supply, thé per-
formance check! (Paragraph 5-10) should be made,
This chack is Buitable {or Incoming inspection, If
a fault is detected in the power supply while mak=-
ing the performance chack or during normal opera-
tion, proceed to the troubleshooting procedures
{Paragrapl: 5-48). After ‘troubleshooting and repair
(Paragraph 5~58), perform any necessary adjust-
ments and calibrations (?iwragraph 5-60). Before
returning the power supply to normal cperation,
repeat the performance check to ensure that the
fault has heen properly corrected and that no other
faults exist, Before ‘oing any mainténance checks,
turn~on power supply, allow a hall-hour warm-up,
and read the general Information regarding meas-
urement techniques (Paragraph 5-3),

5-3 GENERAL MEASUREMENT TECHNIQUES

5«4 The measuring device must be connected
across the sensing leads of the supply or as close
to the cutput terminals as possible when measus~
ing the output impedance, translent response, reg-
ulat’on, or ripple of the power supply in order to
achieve valld measurements, A measurement made
across the load includes the impedance of the
leads to the load and such lead lengths can easily
have an impedance several orders of magnitude
greater than the supply impedance, thus 1nvalldat-
.ing the measurement,

5«5 The monitoring device should be connected
‘to the +S and -5 terminals (see Figure 3-2) or as
shown In Plgure 5-1, The performance characteris-
‘tics should never be measured on the front termi~
nals if the load is connected across the rear termi~
nals, Note that when measurements are made at
the front terminals, the monitoring leads are con-
nected at A, not B, as shown in Figure 5-1, Fail-
ure to connect the measuring device at A will re-
sult in a measurement that includes the resistance
of the leads between the output terminals and the
point of conpectlon.

www.valuetronics.gom . ,

. SECTION V
MAINTENANCE

QUTPUT TERMINAL
% H
LOAD LEAD

MONITOR HERE

Figure 5-1, Front Panel Terminal Connections

CURRENT SAMPLING
TERMINALS

EXTERNAL
LQAD

A1) GROUPIIDED
TERMINAL OF .
POWER SUPPLY

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

SAMPLING
RESISTOR
LOAD
TERMINALS

Pigure 5-2, Qutput Current Measurement Technique

5-6 For output current measurements, the current’
sampling resistor should be a four-terminal resis-
tor. The four terminals are connected as shown In
Figure 5-2, In addition, the resistor should be of
the low noise, low temperature coefficlent {less
than 30ppm/©C) type and should be used at no
more than 5% of its rated power so that its temper-
ature rise will be minimized,

5=7 When using an oscilloscope, ground one ter~
minal of the power supply and then ground the case
of the oscilloscope to this same point, Make cer-
tain that the case Is not also grounded by some
other means (power line}, Connect both oscillo-
scope Input leads to the power supply ground ter-
minal and check that the oscilloscope is not ex-
hibiting a ripple or transient due to ground loops,
pick-up, or o‘ther means,



5-8 TEST EQUIPMENT REQUIRED

5=9 Ta'_ble 5=1 lists tho test equlbment required
to perform the varlous procedures described In this

Sectlon,
[

NOTE

A satisfactory substitute for a differ-
ential voltreter 1s to arrange a refer-
ence voltaye source and null detector
as shown In Figure 5-3, The refer-
ence voltage source is adjusted so
that the voltage difference between
the supply being measured and the
reference voltage will have the re-
quired resolution for the measurement
being made, The voltage difference
will be a function of the null detector
that is used, Examples of satisfacto-
ry null detectors ere: ¢ 419A null
detector, a dc coupled oscilloscope
utilizing differential input, or a 50mV
meter movement with a 100 division
scale, For the latter, a 2mV change in
voltage will result in a meter deflec-
tion of four divisions,

POWER SUPPLY REFERENCE
UMR TEST YOLTAGE
SOJIRCE
w
0 ? [+ ] o]
J I
'l'l
[TaLl]
NULL
DETECTOR
' 1
-
®o 9

Test Setup

CAUTION

)

Cars must be exarciced when using aa ' ‘

elactronic null detector in which one
input terminal is grounded to avold
ground loops and circulating currents,
]

" Table 5-1.‘

l :

Flgure 5-3, Differentlal Voltmeter Substitute,

Test Equipment Requli:ed
REQUIRED RECOMMENDED
TYPE CHARACTERISTICS USE | MODEL
Differential -Sensltlvlty: lmV full scale Measure de voltages; @& 3420 (See Note)
‘Voltmeter {min.}), Input impedance: calibration procedures )
10 megohms (min,), :
Va;riable Range; 90-130 Volts : Vary ac input ————
Equipped with voltmeter ac-

Voltage
AC Voltmuter

Oscliloscope

Oscillator

Repetitive
Load Switch

DC Voltmeter '

curate within 1 Volt,

Accuracy: 2%. Sensitivity:
1mV full scale deflection

: (mlr_n_.).

Sensitivity; 10pV/cm, Differ-
ential input,

Range: 5Hz to 600kHz
Accuracy: 2%

Accuracy: 1%, Input resist~ -
ance: 20,000 ohms/Volt {min.),

Rates 60-—40sz. 2psec rise
and fall time,

Measure ac voltage and
ripple

Display transient response
_waveforms _
Impedance Checks

Measure ch voltages

Measure transient response

¢ 403 B

@ 140 A plus
1402A plug in,
® 200cD
@ 412A

See Figure 5-6

I L
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) ! . l'ﬂble 5—1.

Tast Equipment Required (Continued)

RECOMMENDED

1 ’ZW {min,),
) '62068, 274, 10W (mia).

I

i

R'eslst'qr 1Kn % 1%, 2 Watt’ non-Induc-
[ tive :

Resistor 100 ohms, £5%, 10 Watt
Resisior Value: See Pnraéraph 5=67,

) 1%0,1%, 5 Watt .~ .
Capacltor - | 500pf, 50WVde
Decade Rarige:s 0~150K {min.).

. Reslstance Accuracy: 0,1% plus 1 ohm

Makp-befcre-br\eak contacts,

Bo:_t

‘' REQUIRED

' TYPE CHARACTERISTICS VUSE MODEL a
Resistor ' | 6204B, 62058; 133a,210% 15W | Load Resistor, HIGH range ——

] _52."068; 1204, £10% 15W ‘
Raslstor Ialue: 5a, 0,5%, 4.5 Watts, Current sampling R54 or R3S,

“ Oppm‘. 4-Terminal, ‘ Section VI.

. |

Resist!clr‘ré 5 Vall.ie. 62048 and 6205B, 28,, | Load resistor, low range P e

Measure impedance

Measure impedance

Callbrate programmine; cirrent

Measure impudance

Measure programming
coeffictents

-

i

1

§-10 PERFORMANCE TEST

5-11 The following test can be used as an Incom-
i3 inspection check and ap. ropriate portions of
the test can be rapeated elther to check the oper-
ation of the instrument afier repalrs or for perfodic
maintenance tests, The tests are performed using
a 115Vac 60Hz, single phase input power solrce,
If the garrect resu’t 1s not obtained for a particu~
lar check, do not adjust any controls; proceed to
troubleshooting (Paragraph,5-48),

NOTE

For Model 6205B supplies, the follow-
ing performance checks should be
performed twice in order to check both
independent sections of the supply.

5-12 CONSTANT VOLTAGE TESTS

§-13 For Constant Voltage measurements, the
measuring device must be connected acruss the
rear eensing terminals of the supply In order to
achiove valid Indications, A measurement made
across the load includes the lmpedance of the

leads to the load and such lead lengths caneasily
have an impedance several orders of magnitude
greater than the supply impedance {1 milliohm at:
dec), thus Invalldating the measurement, ‘

5-14 To avoid mutual coupling effects, each
monitoring device must be connected directly to
the sensing terminals by separate pairs of leads,
The load resistor is connected across the output’
terminals and must be selacted according to the
output voltage and current of the supply, When

. measuring the constant voltage performance spec-

5-3

ifications, the CURRENT contro!s should be set
wall above the iaximum output current which the
supply will draw, since the onset of constant cur-
rent action wlll cause a drop in output voltage,
increased ripple, and other performance changes
not properly ascribed to the constant voltage op~
eration of the supply,

5=15 Voltage QOutput and Voltmeter Accuracy, To
check the output voltage, proceed as follows:

'a, Connect 133 ohm load resistor {120 chms
for Model 6206B) across rear output terminals of
supply, -

b, Connect differential voltmeter across +S
and =5 terminals of supply observing corrzct polar
ity. ’




c. Set METER switch to highest voltage .

'r _rangs end RANGE switch to highest voltage mode

and turn on supply. .
i ', d, Adjust VOLTAGE controls until front panal
meter indlicates exactly the maxlmurn rated cutput
i, voltage,
e, Differential voltmeter should indicate
maximum rated output voltage within 3%,

5-16 ' Qutput Current and Ammeter Accuracy, To
‘check the output current, proceed as follows:

a, Connect test setup shown in Flgure 5-4,

b, Set METER switch to highest current
range and RANGE switch to low voltage mode,

c. Turh on supply and adjust VOLTAGE con-
trols until front panel meter indicates exactly 600
mA (1 Ampere for Model 62068 supplies),

d. leferentlal voltmeter should read 3 &
Q. 09Vdc.

MODEL No, |RESISTANCE {OHMS)
Ry Ry
62048 5 128
€2058 5 128
POWER SUPPLY i|__Sz088 5 d
UNDER TEST
= Ry i
9 O O i
LOAD DIFFERENTIAL t
RESISTOR : VOLTMETER
AMBLING 038
SAM
RESISTOR

r

! Figure 5-4, OQutput Current, Test Setup

5=-17 Load Requlation. :
Definition: The change AEQuT In the !
static value of dc output voltage re-
sulting from a change in load resist-

ance from open clrcuit to a value

which yields maximum rated cutput

current {or vice versa),

To check the constant voltage load regula-
proceed as follows:
a, Connect test setup as shown in Pigure
5-5.
b, Turn CURRENT controls fully clockwlse,
¢. Turn-on supply and adjust VOLTAGE con-
trols until front panel voltmeter indicates exactly
the maximum rated output voltage,
d, Read and record voltage indicated on dif-

1 5=18
tion,

5-4

www.valuetronics.com

ferential voltmeter,

e, Disconnect load resistors,

'f, Readlng on differential voltmeter should
not vary from reading recorded In Step d by more
hnn 8mVde for Models 6204B and 6205B or 10mVdc
fo;l Model 6206B supply, .

]

: POWER SUPPLY
: UNDER TEST
JJ + =
2°%
: 7 \ \
Ry
Ry
DIFFERENTIAL
VOLTMETER
+\; G
4
Load Regulailon. Test Setup

Figure 5-5.

5-19 Line Regqulation,
. Definltion: The change, AEgQyT in the

static value of dc output voltage re=
sulting from a change in ac input volt-
age over the specified range from low
line 10% less than nominal to high
line 10% more than nominal or from
high line to low line,

5-20 To test the constant voltage line regulation,
proceed as follows:

a, Connect varlable auto transformer be-
tween Input power source and power supply power
input,

b, Turn CURRENT controls fully clockwise,

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

d. Adjust variable auto transformer for low
line (104Vac),

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

f. Adjust VOLTAGE controls until front
panel voltmeter indicates exactly the maximum
rated output voltage,

g. Read and record voltage indicated on
differential voltme.er,

h, Adjust varlable auto transformer for high
line {126Vac),



1, Reading on dlffeyential voltmeter should
not vary from reading recorded ir Step 7 by more
than 8mVdc for Models 6204B anvl 62058 or 10mVdc
for Model 6206B, .

'5-21 Ripple and Noise,
Definition: The residual ac voltage

which s superimposed on the dc
“output of a regulated power supply,
" Ripple and noise may be specified
and measured in terms of its RMS
or (preferably) peak-to-peak value,
Ripple and noise measurement can be made at any
input ac line voltage combined with any dc output
voltage and load current within rating,
5-22 The amount of ripple and noise that is pres-
ent on the power supply output is measured either
in terms of the RMS or (preferably) peak-to-peak
value. The peak-to-peak measurement is particu=
larly Important for applications where nolse splkes
could be detrimental to a sensitive load, such as
logic clrcuitry, The RMS measurement is not an
ideal representation of the nolse, since fairly
high output nolse splkes of short duration could
be present in the ripple and not apprectably in-
crease the RMS value, '

5-23 The technique used to measure high frequen-
cy noise or "spikes"” on the output of a pawer sup-
ply is more critical than the low frequency ripple
and nolse measurement technique; therefore the
former is discussed separately in Paragraph 5-31, .

5-24 Ripple and Noise Measurements, Figure
5=-6A shows an incorrect method of measuring p-p
ripple., Note thdt a continuous ground loop exists
from the third wire of the input power cord of the
supply to the third wire of the input power cord of
the oscilloscope via the grounded power supply
case, the wire between the negative output termi-
nal of the power supply and the vertical input of
the scope, and the grounded scope case, Any
ground current circulating in this loop as a result
of the difference in potential Eg between the two
ground points causes an IR drop which is in serles
with the scope input, This IR drop, normally hav-
ing a 60Hz line frequency fundamental, plus any
pickup on the unshielded leads interconnecting
the power supply and scope, appears on the face
of the CRI. The magnitude of this resulting nolse
signal can easily be much greater than the true
'ripple developed between the plus and minus out-
put terminals of the power supply, and can com=-
pletely invalidate the measurement,

5-25 The same ground current and pickup problems
i

i
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POWER SUPPLY CASE | OSCILLOSCOPE CASE

AC -8 = AC

G

VERTICAL
INPUT

)
)
I
|
Eg :
! R —_—
— Y TR ey U .

A INACCURATE METHGD USING 'SINGLE-ENDED 3COPE,
GROUND CURRENT Ig PRODUCES €0 HERTZ EBROP IN
NEGATIVE LEAD WHICH ADDS TO THE POWER SUPPLY

| RIPPLE DISPLAYED ON SCOPE. METHOD MAY BE ADEQUATE
UNDER CERTAIN CONDITIONS. SEE TEXT.

POWER SUPPLY CASE OSCILLOSCOPE CASE

D (RO G

+

B
= VERTICAL

\ by "INPUT

B. RECOMMENDED METHOD USING A DIFFERENTIAL SCOPE WITH FLOATING
INPUT. GROUND CURRENT PATH §5 BROKEN; COMMON MOCE
REJECTION OF DIFFERENYIAL INPUT SCOPE [GNORES DIFFERENCE
IN GROUND POTENTIAL OF POWER SUFPLY AND 3GQPE, AND
E:;IAEDI;':ED TWO-WIRE FURTHER REDUCES STRAY PICKUP ON SCOPE

_ Figure 5-6. CV Ripple and Nolse, Test Setup

can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-6, However,
the oscilloscope display, unlike the true RMS
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-

“played is 8,3 milliseconds {1/120Hz) or 16,7 mil-

liseconds (1/60Hz). Since the fundamental ripple
frequency present on the output of an &% supply is
120Hz (due to full~wave rectification), an oscillo-
scope display showing a 120Hz fundamental com~
ponent is indicative of a "clean" measurement set-
up, while the presence of a 60Hz fundamental usu-
ally means that an improved setup will result in a
more accurate {and lower) value of measured ripple,.

5-26 Although the method shown in Figure 5-6A is
not recommended for ripple measurements, it may
prove satlsfactory In some instances provided cor~
tain precautionary measures are taken, One meth-
od of minimizing the effects of ground current flow
{ig) is to ensure that both the supply and the test
instrument are plugged into the same ac power
buss, '

UL

|
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5-27 To minimize pick up, a twisted palr or {pref-
orably) s shielded two-wire cable should be used
to connect the output terminals of the power supply
to the vertical input terminals of the scope, When
using a twisted pair, care must be taken that one
. of the two wires is connected both to the grounded
terminal of the power supply and the grounded in-
put terminal of the oscilloscope, When using’
shielded two-wire cable, it is essentlal for the
shield to be connected to ground at one end only to
pravent any ground current flowing through this

‘shield from inducing a signal in the shielded leads,

5|-28 To verify that the oscilloscope 1s not dis-
playing ripple that is induced in the leads or pick~-
ed up from the grounds, the {+) scope lead should
be shorted to the (=) scope lead at the power sup-
ply terminals, The ripple value obtained when the
leads are shorted should be subtracted from the
actual ripple measurement, ‘

5-29 If the foregoing measures are used, the
single-ended scope of Figure 5-6A may be adequate
to eliminate non-real components of ripple so that
a satisfactory measurement can be obtained, How-
ever, in stubbom cases or in measurement situa-
tions where It {s essential that both the power sup-
ply case and the oscilloscope case ba connected
to ground (e, g. if both are rack-mounted), It may
be necessary to use a differential scope with float-
ing tnput as shown in Figure 5-6B, If desired, two
single-conductor shielded cables may be substi-
tuted in place of the shielded two~wire cable with
equal'success, -decause of lts common mode re-
jection, a differential oscilloscope displays only
the difference in signal between its two vertical
input terminals, thus ignoring the effects of any
commop mode signal introduced because of the dif-
ference in the ac potentlal between the power sup-
ply case and scope caso, Before using a difieren-
tlal input scope In this manner, however, it is im-
perative that tha common mode rejection capability
of the scope be verified by shorting together its
two input leads at the power supply and observing
the trace on the CRT, If this trace is a straight
line, -the, scope is properly ignoring any common
mode sisnal present,
line, then the scope is not rejecting the ground
signal and must be realigned In accordance with the
manufacturer's instructions until proper common
mode rejection s attained,

5-30 To check the ripple and noise output, pro-
ceed as follows:

"a. Gonnect the oscilloscope or RMS volt-
nleter as shown In Figures 5-6A or 5-6B,

b, Adjust VOLTAGE control until front panel
rieter Indicates maximum rated output voltage,

¢, The observed ripple and noise should be
ess than 200pVrms and 1mV p-p.
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If this trace is not a straight.

5«6

5-31 Noise Spike Measurement,  When a high fre-
quency spike measurement is being made, an In-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwldth of 20MHz or more
is adequate, Measuring noise with an instrument
that has Insufficient bandwidth may conceal high
frequency splkes detrimental to the load,

5-32 The test setup illustrated in Figure 5-6A is
generally not acceptable for measuring spikes; a
differentlal oscilloscope 18 necessary, Further-
more, the measurement concept of Figure 5-6B
must be modified If accurate spike measurement is
to be achieved: ,

1. As shown in Figure 5-7, two coax ca-
bles, must be substituted for the shielded two-
wire cable,

2, Impedance matching resistors must be
included to eliminate standing waves and cable
ringing, and the capacitcrs must be connected to
block the dc cumrent path,

3, The length of the test leads outslde the
ccax is critical and must be kept as short as pos~
sible; the blocking capacitor and the impedance
matching resistor should be connected directly
from the inner conductor of the cable to the puwer
supply terminals, '

4, Notice that the shlelds of the power sup-
ply end of the two coax cables are not connected
to the power supply ground, since such a cunnec-
tion would glve rise to a ground current path
through the coax shield, resulting in an erroneous
measurement, .

5. Since the impedance matching resistors
constitute a 2~to-1 attenuator, — the nelse spikes
observed on the oscilloscope should be less than
0.5mV p-p instead of 1mV, S

5-33 The circult of Figure 5~7 can also be used
for the normal measurement of low frequency ripple
and noise; simply remove the four terminating re~

®an
TERMINATION ‘
WIR SPLY T 03¢ILLOKOPE
POWIRSPPLY  T-CONNECTOR CASE
I
Ot <—’l‘ 1_} .
hd VIRTICA
son ' (i
€ » :
&
" £ s
0
e {_ » ; E»
ont !u ) jYERTICAL
s0n b J
7-c0i é:
son
TEAMINATION

Fiqure 5-7, CV Nolse Spike, Test Setup
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sistors and the blocking capaoitors and substitute
a higher gain vertical plug-in in place of the wide-~
band plug-in requlred for spike measurements,’
Notice that with these changes, Figure 5~7 be-~
comes a two-cable version of Figure 5-6C,

1

slent Racove ime

Dxfinition: 'The time "X" for output
voi'age recovery to within "Y" mil-
live.its of the nominal output volt-
age following a "2" Amp step
change in load current — where;
»y* (g specified as 10 millivoits,
The nominal output veltage is de-
fined as the dc level half way be-
tween the static output voltage
before and after the imposed load
chenge, and "2" 18 the specified
load current change, which is 5

. Amnperes,

5-34

i

5-35 A mercury-wetted relay, as connected in the
Joad switching clrcuit of Figure 5-8 should be used
for loading and unload.ng the supply. ‘When this
Inad switch {s connected to a 60Hz ac input, the
mercury-wetted relay will open and close 60 times’
per second, Adjustment of the 25K control permits
adjustment of the duty cycle of the load current
switching and reduction in jitter of the oscilloscope

display,

5-36 The maximum load ratings listed in Figu 2
5-4 must be obsarved {n order to preserve the ‘ner-

POWER SUPPLY 0SCILLOSCOPE
‘UNDER TEST @ 1404
+ - a
o o ,
L
CONTACT PROTECTION. 3
-~ {NETWORK 3Ry
Odut 80 BW
400V INOTEDY) Ry
"‘1? Wy vy NOTES:
D — o ——— |, 1.THIS DRAWING SHOWS A
SUGGESTED METHOD OF
o= BUILDING A LOAD SWITCH.

HOWEVER, OTHER METHODS
COULD BE USED, SUCH A3 A
TRANSISTOR SWITCHING
NETWORK, MAXIMUM LOAD
RATINGS OF LOAD SWITCH
ARE, 8 AMPS, BOOY, 230W
{NOT 2800W)
NOTE 2 | 2USE MERCURY RELAY;

| CLARE TYPE HOP 1002 OR

WE. TYPE 2768,

| 3.USE WIREWOUNO RESISTOR

Figure 5~-8, Translent Recovery Time, Test i‘ietup
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cury~wetted relay contacts, Switching of larger
load currents can be accomplished with mercury
pool relays; with this technique fast rise times

‘can still be obtained, but the large inertia of mer-

cury pool relays limits the maximum repetition rate
of load switching and makes the clear display of
the transient recovery characteristic on an oscillo~
scope more difficult.

5-37 To check the transient recovery time of the
supply, proceed as follows:

a, Connect test setup shown In Figure 58,

b, Set METER switch to highest cuirent
range and RANGF :.'°ch to lowest voltage mode,

c. Tumoi . 2ly and adjust VOLTAGE con-~ -
trols until front 5 inel meter indicates exactly the
maximum rated output current,

d. Close line on repetitive load switch set-
up.

e. Adjust 25Ka potentiometer until a Btable
display s obtained on oscilloscope. Waveform
should be within the tolerances shown on Figure
5-9 {output should return to within 10mV of original
value in less than 50 microseconds), ‘ :

10Ny

A/

! SECONDS

|

LOADING TRANSIENT

4

i

10

1

UNLOADING TRANSIENT

B0n
CONDS

Figure 5-9. Translent Recovery Time, Waveforms

)

5-38 OUTPUT IMPEDANGE

§-39 To check the output impedance, proceed as
iollows: .
a,
b b,
range, _
c. Tum on supply and adjust VOLTAGE con-
trols until front panel met: ¥ reads 20 Volts,
" d. Set AMPLITUDE ¢ontrol on oscillator to
10 Volts (Ey,), and FREQUENCY control to 100Hz,
e, Record voltage across output terminals
of the power supply (Eo) as indicated on ac voit=
meter,
f. Calculate the output impedance by the

~ Connect test setup shown in Figure 5-10,
Set METER switch to highest voltage




www.valuetronics.com

following formula: I
EoR
Ein =~ Eo

Zout = -

"' Eg=Tm3 voltage across power supply output
terminals,
R = 1000
. Blﬂ = 10 Volts”

g, The output impedance (Z2gut) should be
less than 0,020 ohms, |
' h. Using formula of Step f, calculate cutput
impedancs =t frequencles of 50kHz and 500kHz,
values .nould be less than 0,5 ohm and 3,0 ohms.
respectively,

1

VOLTMETER VOLTMETER
hp4038 hp4038
IMDICATES [ INOICATES Ein
L Q00 Q00Q
H
]
POWER SUPPLY OSCILLATOR
UNDER TEST hp 200 Cﬂ_
+ = =\+ G
/‘i( o

500“!!!0
=+

Ik
| I e 4

100 0HM

F'gure 5-10, Output Impedence, Test Setup

5-40 Temperature Coefficient,
Definition: The change in ou’put
voltage per degree CentrigraJde
change in the ‘ambient temperature
under conditions of constant input
ac line voltage, output voltage
gsetting, and load msls;ance.

5=41 The temperature coefficient of a power sup-
‘ply {s measured by placing the power supply in an
oven and varying it over any temperature span
within its rating. (Most & power eupplies are
rated for operation from 0°C to 55°C,} The power
supply must be allowed to thermally stablllze for
a sufficient perlod of time at each temperature of
measurement,

5~42 The temperature coefficlent specified is the
maximum temperature-dependent output voitage
change which will result over any 5°C interval,
The differential voltmeter or digital voltmeter
used to measure the output voltage change of the

supply should be placed outside the oven and
should have a long term stablility adequate to In-
sure that its drift will not affect the overall measg-~
urement accuracy, ’ ! i

5-43 To check the temperature coefficlent, pro-
ceed as follows:

a, Connect test setup shown in Plgure 5=5,

b, Tum CURRENT controls fully clockwise
and adjust front panel VOLTAGE controls until the
front panel voltmeter indicates 10Vde,

c. Insert the power supply into the temper-
ature~controlled oven (differential voltmeter and
load resistance remain outside oven), Set the '
temperature to 30°C and allow 30 minutes warm-
up. !

74, Record the differential voltmeter lndlca—
tion,

e, Raise the temperature to 40°C and allow
30 minutes wam-~-up,

f, The differential voltmeter indicatfun

- ghould change by less than 90mV ffom indication

1

recorded in Step d,

5-44 Qutput Stability, : !
Definitlon: The change in output

voltage for the first elght hours
" following a 30 minute warm-up
period. During the interval of
measurement all parameters,
such as load resistance, ambl-
ant temperature, and {nput lne
voltage are held constant,

]

5-45 Thls measurement is made by monttoring the
output of the power supply on a differential volt-
meter or digital voltmeter over the stated measure~
ment Interval; a strip chart recorder can be used
to provide a permanent record, A thermometer
should be placed near the supply to verify that the
ambfent temperature remains constant durlng the
period of measurement, The supply should be put
in a location immune from stray air currents {open
doors or windows, alr conditioning vents); if pos-
sible, the supply should be placed in an oven
which is held at a constant tempersature, Care
must be taken that the measuring instrument has a
stabllity over the eight hour interval which is at
least an order of magnitude better than the stabil-
ity specification of the power supply being meas~
ured, Typlcally, a supply may drift less over the
elght hour measurement interval than during the §
hour warm-up period, '

5~46 Stability measurement can be made while
the supply is remotely programmed with a fixed
wire~wound resistor, thus avolding accidental

- changes in the front panel setting due to machan-

ical vibration or "kncb~twiddling, "

R R—— - )



5~47 To check the output stablllty. pmceed as
follows:
a, Connect test setup shown in Plgure 5-5
b, Tum CURRENT controls fully clockwise
and adjust VOLTAGE controls for 40Vdc output,
i g, Allow 30, minutes warm~-up then record

. the d.fferentlal voltmeter indication,

Gooad, /After 3 hours,,. differential voltmeter

| should:change by less than 45mv from indlcatlon

racorded 14 Step ¢, |

5-48 TROUBLESHOOTING S,
b I .

5-49 B'éforq atiemptlnd to froubleshoot this ‘n-

' strument; ensure that the fault is with the instru-

ment and not with an associated circuit, The per~
formance test {Parugraph 5- 10) enables this to be
determined without having to remove the instru-
ment from the cablnet

. 550 A good understandlng of the prlnclples of
operatlon is a helpful ald In troubleshooting, and

it'Is recommended that the reader review Section
IV of the manuol before attempting to troubleshoot
the uhitin detall, Once the principles of opera-
tion are understcod, refer to the overall trouble-
shooting procedures in Paragraph 5-53 to locate
the ‘symptom and nrobable‘ cause,

-51 The schematic dlagram at the rear of the
manual (Pigure 7-1) contains normal voltage read~

i
1

ings takan at varlous points within the circuits,
These voltages are positioned adjacent to the ap-
plicable test points (identifled by encircled num~
bars), Component and test point designations are
marked directly on the main printed wiring board.

5-52 If a defective component is located, replace
it and re-conduct the performance test. When a
component is replaced, refer to the repalr and re-
placements and adjustment and calibration para=-
graphs in this section, '

5-53 OVERALL TROUBLESHOOTING PROCEDURE

5~54 To locate the cause of trouble follow Steps
1,2, and 3 in sequence,

(1) Check for obvious troubl2s such as
open fuse, defective power cord, input power fall=
ure, or defective voltage or current meter, Next
remove the top cover (held by four retaining
screws) and Inspect for open connections, char-
red components, etc, If the trouble source cannot
be detected by visual inspection, proceed with
Step 2,

. {2} In almost all cases, the trouble can be
caused by 1mproper dc bias or reference voltages;
thus, it is'a good practice to check voltages in
Table 5-2, before proceedlng with Step 3.,

(3) Disconnect the load and examine Table
5-3 to determine your symptom and probable cause,

) | ‘Table 5~2, Reference Clrcuit Troubleshooting

‘ NORMAL : f
METER METER NORMAL
STEP IF INDI ABN A THIS
T comMmon | postTive | INDICATION R::f;.)ﬁ INDICATION ORMAL, TAKE THIS ACTION
1 38 33 |6,2%0,3Vde ,3mV | Check 12,4 Volt blas or VR1 (See next paragraph)
2 31 ] +8 6,2 % 0,3vde .AmV | Check 12.4 Volt bias or VR2 (See next paragraph}
i, 3 +3 37 12,4 £1,0Vdc| 2.8aV | Check Q8, Q4% CR22, CR23, Cl0, Tl
4 k1] 41 ] 7.5 % ,7Vde v Check C12, CR8, CR24, CR25
’ Table 5~3, Owerall Troubleshooting
SYMPTOM CHECKS AND PROBABLE CAUSES
High output voltabe ' a. Front panel meter defective,

b, Serles regulator feedback locp deféctlve. Refer to Table -4,

" Low output voltage a, Fuses blown (Check GRZG-bﬁZQ or Cl14 for shor't).

5=9
; .' ; \
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Table ‘57-‘3.' Overall Trqdb'loshoqi!ﬁg (C;qnthued) Lo

'SYMPTOM -4 i o i CHECKS ANDPROBABLE CAUSES S :
b B ) I i 1‘ ', K , P I 1
o ‘-;] T b. Pront panel mer.er 4efectlve. o N 5
‘ R | yort t
g : c. Serles regulator Ieedback loap defective, Refer to Table 5-5,
i + L -
B ! 2 | - I N
Will not current: lim{t a, Qlognpen. R81 defecuve. . ; !
g T ] T
: High ripp[q‘ a. Check operating aetup'for ground loops,
| ' | “Uobe W Out'ﬁut tloating, connect luf capacitor between output and ground,
: o
; R ¢, Ensure that supply (s not crosslng over to current limit mode under
. : loaded conditlons,
. Poor lir.e regulation a, Check reference clrcuit (Paragraph 5-55).
). T . .
! b, Check reference clircuit adjustment (Paiagraph 5-69).
Poor load regulation _a, Measuremant technique, (Paragraph 5~17) . !
(c?nstnnt voltaqe!) b, Check reference clrcuit {Paragraph 5~55) and adjustment (Para~
, graph 5-69),
! c. Ensure that supply is not going into current llmlt
Osacillates (constant a, Cheqk C5 for Open. adjustment of R30 (Paragraph 5-72),
voltags) : , .
'Poor stability . a, Check x6,2Vdc referenca voltages (Paragraph 5-55), ,
. {constant voitage) b, ' Nolsy pro'grammlng reslstor R10, ’
'{ ¢, CRL, CR2leaky, |
~ d, Check R1, R12, RL3, for noise or drift,
X e, :Stage Q1 defective,

5-55 To check the zener dlodes in the re!erence

circult, proceed as follows-
al
zaner diode,

Connect differential voltmeter ACross

5-56 Serles Requlating Peedback Loop, When
troubleshooting the series regulating loop, it is’

useful to open the loop since measurements made
anywhere within a closed loop may appear abnor=

b. Connect appropriate load reslstor, given
in Pigure 5~4, across (+) and (-} output terminals,
: ¢, Turn VOLTAGE control fully clockwise,

‘ d, Set METER switch to highest cumrent
range and turn on supply, { :

e, Adjust CURRENT controls until panel
meter reads exactly the maximum rated output cur=
rent,

f. Read and record vo!tage indicated on dﬂ-
ferential voltmeter, '

g, Short out load resistor by closing Sl

h, If reading on differential voltmeter dif-
fers by more than 1.07mV for 6204B and 6205B or
,946mV for 6206B from the reading in Step {, re-
place zener dlode,

5-10

mal, With a loop closed, it is very difflcult to
separate cause from effect, As described in
Tables 5~4 and 5=5, the conduction or cutoff ca-
pability of each stage is checked by shorting or
opening a previous stage, as follows:

1. Shorting tha emitter to collector of a
transistor simulates saturation, or the full ON
condition,

2, Shorting the emmer to base of a transis~
tor cuts it off, and simulates an open circuit be-
tween emitter and collector,

5«57 Although a logidal fizst cholce might be to
break the loop somewhere near its mid=-point, and
then perform successive subdividing test, it is

www.valuetronics.com
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more useful to trace the loop from the series reg-

l}lator backwards a stage at a time, since looy lavals,

i

£ Tnble 5~4, High Qutput Voltage Troubldsﬁooung‘

failures occur more often at the higher power

I cy . i
|

STEP | ACTI&N RESPONSE : PROBABLE CAUSE
1 Chack turn off of serles | a. Output voltage rsmains high | a. Series regulator Q7 (or Q6)
regulator by shorting Q4 ‘ . 1., shorted
. NI FEE A RENE ) .
emitter to °°“°‘_"°’ b, Output voltage decreases b, Remove short and proceed
J R © to Step 2
. L vt ) '
2 Check tum on of driver a, Outpr‘:t voltage remalias high a, Q4 open
by disconnecting emit= 1.\ 50t voltage decreases b, Reconnect lead and pro-
ter of Q5 ek
‘ > ‘ ‘ . ce_ed to Step 3
3 | Check tum oft of Q5 by | a, Output voltage remains high | a, Q5 shorted
disconnecting collector b, Output voltage decreases b, Reconnect lead and pro-
of Q3 . , .
: ‘ e ‘ ceed to Step 4
: : ) ; . :
4 | Check tum off of Q3 by s, Output voltage remains high a, Q3 shorted
disconnecting collector | = 1,04 yoltage decreases b, Check QIA for short, Q1B
of Q1A .
for open. Check for open
l strap between A6 and A8,
‘ Check R10 for open
, o : Table 5-5. Low Output Voitage Tronbleshooting
STEP ACTION RESPONSE PROBABLE CAUSE
1 Check turn oh of Q7 a. Output voltage remains tow a. Q7 {or Q6) open
l(;(ngp(::;nl; ::zlg:'nel?t)er b, Output vo}taga lnc_reases b _Reconnect lead and pro-
‘ : ‘ened to Step 2
of Q4
: 1
2 Ellminug.e the current a, Output voltage increases a, Q10 shorted, R81 defec~
limit circuit as a source . tive ‘
:: é:?:: ]3,: z:;;go:f— b, Qutput vqltage remains low A b. Reconnect lead and pro-
CR16 o ceed to Step 3
3 Check tum off of Q4 by a, Output voltage remains low a, Q4 shorted
shosting QS emitter to b, Output voltage increases b, Remove the short and pro-
collector
cead to Step 4
4 Check tﬁm on of Q5 by a, Output voltage remains low a, Q5 open
shorting Q3 emitter to b. Output voltage increases b. Remove short apd proceed
collector to Step 5 ! P

5-11
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' Low Outpui Voliqge: Troublés hooting {Continuad)

Table 5-5,
srep |° 0 ACTION ! v RESPONSE PROBABLE CAUSE
Cp ol : . ‘. . ' ) -
W o X ) N Ve " i -
! | i . ]
5 Check turnon of Q3 by | 8, ,Output vdltage remalns low- a, Q3 open

I

; i
: !
il }

!

1
!
i

.shortinq Q1A emitter to
coflector [
/ b

b Output vr:ltage Increases P

b, Check QlA for openy QlB
] . for short, Check R10 for
short or open str2p be-
tween A7 and Ab

L

5-53"nspnln"hnio REPLACEMENT - V

5-539 anore serv}rlclnq a printed wirlnq board. g
fer to Figure 5-11, Section VI of this mantal con= -
tains a tabular Ilst of the instruments replaceable I
parts, Befom mélaclng a semiconductor device,
refer to Table 5- 6 Mrhlch lists the speclal chamc- :

i ' o
|

'
1

ol
i .

teristics of selected semlccn_dﬂctors.
to be replaced is not llated In Table 5~6, the

~ standard manufacturers part number listed i Sec~

“tion VI Is applicable, After replacing a semlcon~

* ductor,’ refer to Table 5-7 for checks and adjust~

ments that may be necessary,

n

! Table 5-6, Selected Semiconductor Charactorlstics

If the device '

REPERENCE | . | - S SUGGESTED
DESIGHATOR o . CHARACTERISTICS #§ 8TOCK NO, REPLACEMENT
'f‘"Ql ‘ Matched differentlal ampliﬁer, NPN Si planar 1854-0229 2N2917 G.,E.
P 70 (min.) hpg I = 1mA, VCE = QV, l'co = 0.01pA o \
@ VChO = SV; " i
Q7 NPN Power hpp.= 35 (min,) @Iy = 4A; Vpp = 4V, 1354~0225 2N3055 :R.C.A,
vl Table 5-7, Chhcks'hnd Adjustments After Roplacement of Semiconductor Davices
REFFRENGE . ' "_l_ ‘ FUNCTION - CHECK ADJUST
QI o I_'('Ifionstarit voltage diffarential amplifier Constant voltage (CV) line R6 or RB
) 1 v . and load ragulation. Zero :
‘ ‘ Volt output,
Q‘:’.;Q4 ! '-.E.'gror amplifiers CV load regulation, "R30
- b CV transient response, ,
‘ ; \
Q? (06)\" _Serles regulator CV load regulation, [
OB,(I)S Reference fdgulator Reference circuit line VR1, VRZ,.
; ‘ . requlation, : CR20
' CRI,CR2 Limiting dlodes CV load regulation,
{ ! L.
CR8 Forward bias regulator Voltage across 'dlode
' 2.0 to 2,4 Volts,
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| _'ra;'ble 5-7, Checks and Adjustments After Replacement of Senitco‘ﬂd-zctor Devices (Continued)

REFERENCE FUNCTICM CHECK ' “ADJUST
Q10, CR16 ' Current limit adjustment. | R8I
(Cr21) ) T |
CR22 thru Rectifier diodes Voltage across appropriate
-‘0329 Y IR filter capacitor,
VRl Positive refarence voltage \ +6,2V line and load ragu- R46, VR1
) P ) lation,
VR2 Negative reference voltage -6,2V Iine and load requ- 'R46,YR2
) . | latlon, ‘
) o . Lt
| '
5-60 ADJUSTMENT AND. CAliBRATION \ a, Connect an 8K, 0,1% rasistor (18K re-

5~51 Adiustment and calibrauon may be requlrcd
after performance testing, troubleshooting, or re-~
pair and replacement, Perform only thosa adjust-
ments that affect the operatlon of the faulty elrcuit -
and no others,

—62 ME’L:.R ZBRO o *
5-63 Proceed as fcllows to zero meter; \

a, Tum ¢ Instrument (after It has reached
normal operating temperatu =] and allow 30 sec~-
onds for all capacitors to discharge,

b, Tasert sharp pointed object (pen point or
awl) into the small hole at tup of round black plas=
tic disc located directly below meter face.

c. ' Rotate plastic disc' clockwise (cw) unitl
meter reads zero, then rotule ccw slightly in order
to free adjustmant screw from meter suspensfon, If

J polnter moves, Yopest Stepg b and ..

' 5-64 AMMETER TRACKING

i .

5-05 To c.allb.'ste the ammeter, prcx.ned as fol- S

lows: ' .
. a. Conr.ect tast catup’ Us alown on Flgure'
5-47 ! oy

-, Set RANGE switch to low volmgo mode ‘
and METER switch to lowest current rarae,
' ‘e, 'Turn on supply and adjust VOLTACE con-
trols s0 that differential voltmeter indicates ex-
actly 0,3vde,

d,' Front panel meter sHould read 0,06 Ampe
for Model 6204B and 62058 supplies, or 0,1 Amps
for Model 62063 supply. [f it does not, adjust N2, :

: 5=66 C ONSTANT VOLTAGE PROGRAMMING CURRENT

567" Programming Acauracy, To callbratg the pro-

grammlng current, procead as follows-

slstor for Model 6206B supplies) batween terml-

"'nals -3 and A6 on rear barrlar strlp,

b, Disconnect jumper between A7 and A8
{leaving A6 and A7 jumpered),
© e, Connect decade resistance box in place :

of RI3,

bood, Connect differential voltmeter betweon
+#3 and -8 terminals on iear bareler strip,

8. Set RANGE switch to high voltage modn,
MBTER switch to high: voltage range, ._nd turn on:,
supply,

f, Adjust decadn rasietance box 8o that
differential voltmeter reads 40 2 0,4Vdc for
Madels 6204B,and 62058 or 66 * 0,6Vdg for Model
62068 supplles

g, Replace decade resistance with resistor
of appropriate value in R13 position, :

5-68 Zerd Qutput Voltage, To callbrate the zero
Volt programn, ng accuraty, ‘proceed as follows:
' a, Connect differential voltmotev betwaen
+S ang =5 tewm'inalz. :
b, “Short out voltags rontrols by connocting :
jumper between termlnals A6 and =8,
' ¢, Turn on rupply 'and obsenve randlng on
“differantial voltmeter,
d, If it 13 mote positive than 0 Voisal shunt

rasistor R6 with a decade restitance box,

.o, Adjust decade resistancd until differen~
tial voltmeter reads Zero, then shunt R6 with re-
sistance value egual to that of thc decade rasist=-
ance, '

f. il reading of Step ¢ was more negative
than 0 Volts, siunt resistor RS wuh tha decade
resistince box,

g. Adjust decade \>sistance until differen-
tial voltmeter reads zero then “hunt R8 with a ro-~-
sxstance value equal to that of the Jacade box,




[
' i

Excessive heat or presaure can lif: the copper strlp from the board, Avoiddz ~e byusinga
‘low power solderingiron (50 watts maximum) and following these instructions, Copper that lifts
off the hoard should be cemented in place witha qulck drying acetate base cement havlns good
electrical insulating properties.

A break in the copper should be repaired by goldering a short length of tinned copper wire
reross “he break.

Use only high quality rosin 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 plns suchas tube sockets, electrolytlc capa-’
citors, and potentiometers, it will be necessary to lift each pin glightly, working around the
'|''+'components several times until it is free.

\ WARNING: If the spez:tic Instructions outlined i the steps below, regarding etched circuitboards
; without eyelets are not followed extensive damage to the etched cireuit board will result.

. 1. Apply heat nparlngly to lead of component 2. Reheat solclerlnvacant eyeletand quickly
P tobe replared; If lead of component passes insert a small awlto cleaninside of hole.

\ through an eyelet I hole does
in the circuit not have an CONDUCTOR
board, apply ; 3 eyelet, in- SIDE
heat on com- Ay LT gert awl.or
ponent side ' a #67 drill
of baard. If O W [ fa from con-
lead of com= ™" Bil0Y 1t ductor aide
ponent does ety h 1) of board,

not pass through an
| eyelet, apply heat to conductor slde ul’ board. S

4. Hold part against board (avold overheating)
\ 3. Bend clean tinned lead on new part and . dnd solder leads,
|+ carefully Insert —— ' _ Apply he .t to compo-
“through eyelets or | B % r nent leads on correct
|holes in board. side of board

‘ - AR as explained
| ey | et in step 1.

In the event that either the circuit board has. been damnged or the conventlonal methodlslmprac-
tical, use method shown below. This ls especially applicable for ‘circult boards without eyelets,

1, Clip lead as shown below, o 2. Bend protrudingleads upward, Bend lead
o ‘of new  APPLY
component SOLDER
around pro- -
tl'l.ldlllg ;odadl
Apply goldexr
o ; ‘ using a pair
1 o of long nose pliers as a heat sink,

e LIPEIRAEFAIRRSIISaNE 20NN

.

Tiosssy SesEEES L I L I T L)

TLls procedure {8 used in the field only as an alternate m2ans of repair. It is not used within
:the factory,

| : . t
: - . ' b !
i ) L . !

y . Figure 5-11, Servicing Printed Wiring Boards

S ’;” .‘i\“.- . =14
l k " r i . H ' .

WWW. valuetronlcs com- |




5-69 REFERENCB CIRCUIT ADJUSTMENTS

§=70 Line Regulatlon, To adjust the llne regula-
tion capabllitles of the Instrument proceed as fol-

lows:
B, Connect the differentlal voltmeter be-

tween +5 (positive) and 31 {commony),
b, Connect variable voltage transformer be=~

twean supply and input power source,
¢, Adjust line to 105Vac, a
d. Conneot dacade rasistance in place of

R46,
e, Bet range swltch to high voltage mode

and tum on supply,
£, Adjust decade resistance so that voltage

indicated by differential voltmeter does not change
more than 1,08 millivolts for 6204B and 6205B or
.946mV for 6206B as Input line voltage is varled

from 105 to 125Vac, |
* g, Replace decade reslstance with approprl-

ate valua resistor in R46 position,
5-71" CONSTANT VOLTAGE TRANSIENT RECOVERY
TIME :
}
572 To adjdst the translent response, proqeed

as follows:
a, Connect test setup as shown In Figure

5-8,
b, Repeat'Steps a through f as outlined In

Paragraph 5-37, ,
e, Adjust R30 so that the transient msponsa

is as shown in Figure 5-39,

.
1

r

5-=73 CURRENT LIMIT'ADJUSTMENT

§-74 To adjust the current limit so that the supﬁly ,
can be used to furnish maximum rated cutput cur-

rent, proceed as follows:
n, Connect test setup shown In Figure 5-5.

b, Short out load resistor Ry).
c. Set RANGE switch to low voltage (hlgh,

' gurrent) mode,
d, Turn on supply and rotate VOL’I‘A{:E con-

trols fully clockwlise (ma: timum),
e, Adjust R81 until differential vqltmeter

indicstes 3,5Vdc for Models 6204B and '6205B sup-
plies or 3.6Vdc for Model 62068 s_upply.
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. SECTION VI
- REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 Thls section conlalns information for ordering
replacemeant parts, Table 6-4 lists parts in alpha-
numerlc order by reference designators and provides
the following information:

" a, Reference Designators. Refer to Table 6-1,
h, Description, Refer to Table 6-2 for ab-
breviations,

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

d, Manufacturer's Part Number or Type.

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

f, Hewlett-Packard Part Number,

g, Recommended Spars Parts Quantity (RS)
for complete maintenance of one Instrument during
one year of isolated service,

h, Parts not ldeniified by a reference desig-
nator-are listed at the end of Table 6-4 ynder Me-
chanical and/or Misce!l.neous, The former consists
of parts belonging io and grouped by Individual as-
semblies; the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

! !
6-4 To order a replacement part, address order or
inquiry to your local Hewlett-Packard sales office
{see \lsts at rear of this manual for addresses),
Specify the following information for each part:
Model, complete serlal number, and any Optlon or
special modification () numbers of the instrument;
Hewlett-Packard part number; circuit reference des-
.gnator; and description, To order a part not listod
in Table 6~-4, give a complete description of the
part, its function, and its location,

Table 6-1, Relerence Dosignators
A = assembly E = miscellaneous
B = blower (fan} electronic part
C = capacitor F = fuse |
CB = circuit breaker | ] = jack, jumper
CR = diode K = relay
DS = device, signal-| L = inductor

ing (lamp) M = meter

Table 6-1, Reference Deslgnators (Continued)

P = plug ' v = vacuum tubae,

Q = transistor naon bulb,

R = resistor ,photocell, etc,

S e switch VR = zener diode -

T = transformer X = socket ,

TB = terminal block | 2 = integrated cir-

TS = thermal switch cuit or network

Table 6~2, Description Abbreviations

A = ampere mfr = manufacturer

ac = altemating mod, = modular or.
current modified

assy, = assembly mtg = mounting

bd = hoard n = pano = 10-9

bkt = bracket NC = normally closed

oC = degree NO = nomally open
Centigrade NP = nickel~plated

cd = card n = ohm

coef = coefficient obd = order by

comp = composition description

CRT = cathode-ray OD = outside
tube diameter

CT = center~tapped. ! p = pico = 10~12

dec = direct current P.C, = printed ciruuit

DPDT = double pole, pot, = potentiometer
double throw p~p = peak-to-peak

DPST = double pole, ppm = parts per
single throw mlllicn

elect = electrelytic pvr = peak reverse

encap = encapsulated voltage

F  =farad rect = rectifier

OF = degree rms = root mean
Farenheit square

fxd = fixed Si = silicon

Ge = germanium SPDT = single pole,

IH = Henry double . throw

Hz = Hertz SPST = single pole,

IC = Integrated . single throw
¢ircuit 55 = small signal

ID:. = inside diameter| T = slow-blow

incnd = incandescent ' | tan, = tantulum

k  =kilo=103 | |Ti = titanium

m  =milli=10-3 y = volt

M = mega = 10 var = variable

7! = micro = 10-6 ww = wirewound

met, = metal i w = Watt

6-1
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Table 6-3, Code List of Manufacturers

GODE
NO. |MANUFAGCTURER

00629 | EBY Sales Co,, Inc,

'| 00656 |Acrovex Corp,

00853 | Sangamo Electric Co,
S, Carolina Div,
01121 |Allen Bradley Co,
0l. 3 | Litton Industrles, Inc,

: ‘Beverly Hills, Callf,

01281 | TRW .aemlconductors. Inc,

01295 | Texas Instruments, Ine.

01930 | Amerock Corp,
02107 | Sparta Mfg, Co,
02114 | Ferroxcube Corp,
02606 | Fenwal Laboratorles
02660 | Amphenol Corp,

03757 Eldema Corp,
03877 | Transitron Electronic Corp,

03848 Pyrofllm Resistor Co, Inc,

104213 Caddell & Bums Mfg, Co, Inc.

] 05277 [ Wastinghouse Electric Carp,
Semiconductor Dept,
05347 |Ultronix, Inc,
05820 |Wakefield Engr, Inc,
06001 |General Elect, Co, Electronic
1 Capacitor & Battery Dept,

| 06486 |IRC Div, of TRW Inc,
Semiconducter Plant

06666 }General Devices Co, Inc,
06751 |Semcor Div, Components, Inc,

06776 |Robinson Nugent, Inc,

07137 |Transistor Electronics Carp. |

jumalcn. N. Y,
. New Bedford, Mass,

Pickens, 5.G
Milwaukee, Wls.l

Lawnda!e. Calif,

Semiconductor-Componunts Dlv,
Dallas, Texas
01686 | RCL Eloctronics, Inc,  Manchester, N, H.
Rockford, Il
Dover, Chio
Saugerties, N,Y.
Morton Grove, Ill,
Broadviow, Ill,
02735 |Radlo Corp, of America, Solid State
and Recelying Tube Div, Somerville, N.]J,
03508 |G.E, Semiconductor Products Dept,
Syracuse, N, Y,
Compton, Calll,

Wakefleld, Mass, -

Cedar Knolls, N,J.
04009 Arrow. Hart and Hegeman Electric Co,

Hartford, Conn,
04072 |ADGC Electronics, Inc, Harbor Clty, Callf,

Mineola, N. Y,
04404 *Hewlott-Packard Co, Palo Alto Div,

Palo Alto, Calif,
04713 | Motorola Semiconductor Prod, Inc,
Phaenix, Arizona

: Youngwood, Pa.
Grand Junction, Colo,
Wakefield, Mass,

06004 [Bassik Div, Stewart-Warnar Gorp,
Brldgeport. Conn.

Lynn, Mass,
06540 |Amatom Electronic Hardware Co, Inc,

' New Rochelle, N.Y.
06555 |Beede Bleclricnl Instrument Co,

Penacook, N.H.

Indianapolis, Ind,

Phoenlx, Arizona
, New Albany, Ind,
06812 |Torrington Mfg. Co. , West Div,

Van Nuys, Callf, ‘

Mlnnea'polis, Minn,

b s .

CODE
NO,

MANUFACTURER ADDRESS

07138

07263

07387
07397

07716
07910

07933

08484

08530

08717
08730

08806

08863
08919
09021
09162
09213
09214
09353
09922
11115

11236
11237

11502

11711

12136

12615
12617
12697
13103
14493

14655

14936

15801
16299

Waestinghouse :lectric Corp,
Electronic Tube Dlv, ! Elmfra, N, Y.
Fairchild Camera and Instrument
Corp, Semiconductor Div, :
Mountaln View, Calif,
Birtcher Corp, , The Los Angeles, Calif,.
Sylvanla Electrlc Prod, Inc,
Sylvania Electronis Systems ‘
Wastern Dlv, Mouataln View, Calif,
IRC Div. of TRW Inc, Burlington Plant
: Burlington, lowa
Contlnental Device Corp, - !
Hawthorne, Callf,
Raytheon Co, Components Div, \
Semiconductor Operatlon.
Mountain View, Calif,
Breeze Corporations, Inc, Union, N.J, |:
Rellance Mica Corp. Brooklyn, N.Y.
Slean Company, The Sun Valley, Calif,
Vemaline Products Co. Inc, Wyckoff, N.J.
General Elect, Co, Minia-
ture Lamp Dept, Cleveland, Ohlo
Nylomatic Corp, Norrisville, Pa,
RCH Supply Co, Vetnon, Calif,
Alfco Speer Electronic Compeonents :
Bradford, Pa,
*Hewlen-?ackard Co, New Jersey Div,
Barkeley Helahts, N.J.
General Elect, Co, Semiconductorn
Prad, Dept, Buffalo, N,Y,
General Elect, Co. Semiconductor
Prod, Dept. Auburn, N,Y,
G & K Components Inc, Newton, Mass,
Burndy Corp. : Norwalk, Conn,
Wagner Electric Corp, b ‘
Tung=-Sol Dlv, Bloomfleld, N.J.
CTS of Bame, Inc, Berne, Ind.
Chicago Telephone of Cal. Inc,
Sn, Pasadena, Calif,
IRC Div, of TRW Inc. Boone Plant
Boone, N.C.
General Instrument Corp
Ractifier Div,
Philadelphia Handle Co, Inc,
'‘Camden, N,].
U. 5. Terminals, Inc, Cincinnat{, Ohlo
Hamiin Inc, Lake Mills, Wisconsin
Clarostat Mfg, Co. Inc, Dover, N.H,
Thermalloy Cp, Dallas, Texas
*Hawlett-Packard Co, Loveland Div,
Loveland, Colo,
Cornell-Dubilier Electronics Div,
Federal Pacific Electric Co,
Newark, N.]J.
General Instrument Corp, Semicon-
ductor Prod, Group Hicksville, N. Y.
Fenwal Elect, Framingham, Mass,
Corning Glass Works, Electronic
Components Div, Raleigh, N.C,

Newark, N.J.

'*Use Code 28480 assigned to Hewlett-Packard Co., Palo Alto, California
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Table 6-3, Code List of Manufacturers {Continued)

CODE
NG,

|
MANUFACTURER ADDRESS

CODE
NO,

MANUFACTURER ADDRESS

'16758
17545

17803

17870

18324
19315

' hgror
| 21820
22229
22753
23036

24446
24455

24655
24681

26982
27014

- 26480 .

28520
218875

31514

31827
33173
35434
37942

42190
43334

446E5
46384

1 147904
49956
55026

56289
58474
58849

59730
61637
63743

Delco Radio Div, of General Motors Corp,
i Kokomo, Ind,
Atlantic Semiconductors, Inc,
: Asbury Park, N.J,
Fairchlld Camera and Instrument Corp
Semiconductor Div, Transducer Plant
Mountain View, Callf,
Daven Div, Thomas A, Edison Industrles
McGraw=Edison Co, COrange, N.J.
Signetics Corp. Sunnyvale, Callf,
Bendix Corp, The Navigation and
Contrel Div, Tatarboro, N,J.
Electra/Midland Corp,
Mineral Wells, Texas
Fansteel Metallurglcal Corp,
No, Chicago, Ill,
Unlon Garbide Gorp, Electronics Div,
nountalin View, Calif,
UID Electronics Corp, Hollywood, Fla,
Pamotor, Inc, Pampa, Texas
General Electric Co, Schenectady, N.Y,
General Electric Co, Lamp Dly.' of Con-
sumer Prod, Group
Nela Park, Cleveland, Ohio
General Radio Co, West Concord, Mase,
LTV Electrosystams Inc Memcor/Com-
ponants Operations Huntington, Ind,
Dynacool M, Co, Inc, Saugertles, N,Y,
National Semiconductor Gorp,
Santa Clara, Calif,
Palo Alto, Calif,
Kenllwmth. N L.

Hewlett-Packard Co,
Heyman Mifqg, Co,
IMC Magnetics Corp.
New Hampshire Div, Rochester, N, H,
SAE Advance Packaging, Inc,
‘ Santa Ana, Calif,
Ramona, Calif,
Owensboro, Ky,
' Chlcago, Ili,

Budwig Mfg, Co,
G. E, Co, Tube Dept,
lectrohm, Inc,
P, ®, Mallory & Co, Irnc, .
Indianapolis, Ind,
Muter Co, Chicago, Il
New Departure-Hyatt Bearings Div,
' General Motors Corp. Sandusky, Chio
Ohmite Manufacturing Co, Skokle, IlI,
Penn Engr. and Mig, Corp,
Doylestown, Pa,
Polaroid Corp, Cambridge, Mass,
Raytheon Co, Lexington, Mass,
Simpson Electric Co, Div, of American
Gage and Machine Co, " Chicago, Il
Sprague Electric Co, North Adams, Mass,
Superior Electric Co, Bristol, Conu,
Syntron Div, of FMC Corp,
‘ Homer City, Pa.
., Philadelphla, Pa,
New York, N.Y.

Thomas and Betts Co,
Unlon Carbide Corp, :
Ward Leonard Electric Co,

' Mt. Vemon, N, Y.

70563
70801
70903
71218
71279

71400

71450
71468

71590
71700

71707
71744

71785

71984
72136

72619
72699
727565
72962

72982
73096
73138

73168
73293

73445

73506

| 73559

73734

74193

74545°

74868

74970
75042
75183

75375
75382
75915
76381

76385
76487

76493

Chicago Mintature Lamp Works

© Amerace Esna Corp,

Amperite Co, Inc,
Beemer Engrg, Co, Fort Washington, Pa,
Belden Corp, Chlcago, Il
Bud Radio, Inc, Willoughby, Ohlo
Gambridge Thermionlc Gorp,
Cambridge, Mar,s.
Bussmann MIlg, Div, of McGraw & ,
Edison Co, 5t. Louls, Mo,
CTS Corp, Etkhart, Ind,
I. T. T, Canncn Electric Inc,
Los Angeles, Callf,
Globe~Unlon Inc.
Centralab Div, Milwaukea, Wis,
General Cable Corp, Cornish
Wire Co, Div, williamstown, Mass,
Coto Col Co, Inc, Providence, R I,

: Chicago, I,
Cinch Mfg, Co, and Howard

B, Jones Div, Chicago, Il,
Dow Comling Corp, Midland, Mich,
Ilectro Motive Mfg, Co, Inc,

Willimantic, Conn,
Oialight Corp, Brooklyn, N.Y.
General Instrument Corp, Newark, N,J.
Drake Mfg, Co, Harwood Heights, 'I11,
Elastic Stop Nut Diy, of
Unlon, N.J.
Erle Technological Products Inc, Erle, Pa,
Hart Mifg. Co, Hartford, Conn,
Beckman Instruments Inc,

Helipot Div, Fullerton, Calif,
Fanwal, Inc. Ashland, Mass,
Hughes Alrcraft Co, Electron

Dynamics Dlv, Torrance, Calif,
Amperex Electronic Corp, ‘

Hicksville, N, Y.
Bradley Semlconductor Corp,
New Haven, Conn,
Carling Elgetric, Inc, Hartford, Conn,
Federal Screw Products, Inc,
Chicago, Iil,
Heinemann Electric Co; Trenton, N.J.
Hubbell Harvey Inc, Bridgeport, Conn,
Amphenol Corp. Amphenol RF Div,
Danbury, Cohn,
E. F, Johnson Co, Waseca, Minn,
IRC Div, of TRW, Inc, FPhiladelphia, Fa,
*Howard B, Jones Div, of Cinch

Miq, Corp. New York, N.Y.
Kurz and Kasch, Inc, Dayton, Chio
Kilka Electric Corp. ' Mt. Vemon, N.Y,
Littlefuse, Inc, Des Plaines, Il
Minnesota Mining and Mig, Co,

St, Paul, Minn,
Minor Rubber Co, Inc, Bloomfleld, N,J.
James Millen Mfg, Co. Inc. :

Malden, Mass,

J. W, Mtiijer Co. Compton, Calif,

Unlon City, N.L |

*Use Code 717!‘3‘5 assigned to Clnch Mig, Co,, Chicago, Il
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CODE
No,

MAVUFACTURER ADDRESS

76530
76854

77068

17122
77147
77221

77252
77342
77630

77764
78189

78452
78488
78526

78553
78584
79136
79307
79727

79963
a0a31

80294
81042

81073
81483

81751
82099

82142

82219

82389
82647

82866
82877
82893
83058
83186

83298
83330

83385
83501

Cinch City of Industry, Calif,
Oak Mfg, Co, Div. of Qak
Electro/Netlcs Corp,  Crystal Lake, TIl.
Bendlx Corm, , Electrodynamics Div,
No, Hollywood, Colif,
Palnut Co, Mountainside, N,T,
Patton-MacGuyer Co, Providence, R. 1.
Phaostron Instrument and Electronic Co,
South Pasadena, Callf,
hlladelphla Steel and Wire Corp,
Philadelphia, Pa.
American Machlne and Foundry Co,
Potte! and Brumfield Div, Princeton, Ind,
TRW E:ljectronlc Components Div,
Camden, N.J.
Resistance Products Co,
Nlinols Tool Works Inc, Shakeproof Div. '
b Elgin, I,
varlocfc Chlecago, Inc, Chicago, Ill,
Stackpole Carbon Co, St, Marys, Pa,
StanIWyck Winding Div, San Fernando
Electric Mfg, Co, Inc,  Newburgh, N.Y,
Tinnerman Prodvnts, Inc, Cleveland, Ohlo
Stewart Stamsing Corp, Yonkers, N.Y,
Waldes Kohinoor,  Inc, L.LC., NY.
Whitehead N 2tals Inc, New York, N.Y,
Contlnental-ert Electronlcs Corp,
Phitadelphia, Pa,
2ievIck Mtg. Co, Mt, Kisco, N.Y.
Me,,aco Div, of Sessions Clock Co,
Marristown, N.J.
Boums. Inc. ' Riverside, Callf,
Howard Industries Div, of Msl Ind, Inc,
Racine, Wisc,
Grayhlll. Ine, La Grange, Ill,
lntemar.\ohal Rectifier Corp,
El Segundo, Callf,
...mumbﬁs Electronics Corp, Yonkers, N, Y.
Goodyoar Sundrles & Mechanlical Co, Inc,
Naw York, N.Y.
Alrco Spder Electronic Components
" Du Bols, Pa,
Sylvania Electric Products Inc,
Electronic Tube Div, Receliving
Tube Operations "Emporium, Pa,
switchecraft, Inc, Chicago, IlL
Metals and Controls Inc, Control
Products Group ~ Attleboro, Mass,
Research Products Corp, Madison, Wis,
Rotron Inc, ‘Woodstock, N, Y.
Vector Electronic Co, Glendale, Calif,
Carr [Fastener Co, Cambridge, Mass,
Victory Engineering Corp,
Springfieid, N.,J.
Bendix Cerp, Electric Power Div,
Eatontown, N,].
Herman H, Smith, Inc. Brooklyn, N.Y,
Central Screw Co, Chicago, II1,
Gavitt Wire and Cable Div. of
Amerace Esna Corp, Brookfleld, Mass,

Harrisburg, Pa, |’

www.valuetronics.com
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rable 6-3, Gode List of Manufacturers (Continued)

CODE
50,

MANUFACTURER ADDRESS

83508
83594

83835
83877

B4171
84411
BG66B4

86838
87034

87216
B7525

87929
88140
88245
90634
90763
91345
91418
91506
91637
91662
91929

92825
93332

93410
94144
24154
94222
35263
95354
95712

95987
96791

97464
57702
98291
98410
98978

99934

. Yardeny Labaoratorles, Inc,

Grant Pulley and Hardware Co,
_ Waest Nyack, N.Y.
Burroughs Corp. Electronic
Components Div,
U. 5, Radium Corp.

Plainfield,
Morristown,

N.T.
N

New York,
Arco Electronics, Inc, Great Neck,
TAW Capacitor Div, QOgallala,
RCA Corp. Electronic Components
Harrison, N.],
Rummel Fibre Co, Newark, N.I.
Marco & Oak Industries a Div. of Qak
Electro/netics Corp, Anaheim, Calif,
Philco Corp. Lansdale Div, Lansdale, Pa,

N, Y.
N, Y.
Neb,

‘Stockwell Rubber Co, Inc,

Philadelphla, Pa,
Tower-Olschan Corp. Bridgeport, Conn,
Gutler-Hammer Inc, Power Distribution
and Control Div, Lincolr Plant
r _ ‘Lincoln, Ill,
Litten Precision Products Inc, USECO
Dly, Litton Industries Van Nuys, Calif,
Gulton Industries Inc, Metuchen, N.J.
United-Car Inc, Chicago, I,
Miller Dial and Nameplate Co,
El Maonte, Calif,
Chicago, Il
Atticboro, Mass,
Dale Electronics, Inc, Columbus, Neb,
Eleco Corp, Willow Grove, Pa,
Honeywell Inc. Div, Micro Switch
Freepert, I,
Whitso, Inc, Schiller Pk, , IN,
Sylvania Electric Prod, Inc, Semi-
conductor Prod, Div, Wohkum, Mass,
Essex Wire Corp, Stemco
Gontrols Div, Maasfleld, Ohio
Raytheon Co, Components Div,
Ind, Components Qper, Quincy, Mass,
Wagner Electric Corp,
Tung-Sol Div,
Southco Inc,
Leecraft Mfg, Co, Inc. L LC,, N.Y.
Methode Mig, Co., Rolling Meadows, Ill,
Bendix Corp., Microwave
Davices Div,
Weckesser Co, Inc,
Amphenol Corp. Amrienol
Controls Div, Janesville, Wis,
Industrial Retaining Ring Co.
Irvington, N,J.
IMC Magnetics Corp, Eastemn Div,
) Westbury, N.Y.
Sealectro Corp. Mamaroneck, N. Y.
ETC Inc. Cleveland, Ohio
International Electronic Research Corp,
Burbank, Culif,
Boston, Mass,

Radio Materlals Co,
Augat, Inc,

Livingston, N.J.
Lester, Pa,

Franklin, Ind,
Chicage, I,

Renbrandt, Inc, :
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Table 6-4, Rap}aceable Parts
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MFR,
Cl fxd, elect 10pf 100Vde 1 | 30D106GLO0DDA 56289 | 0180-0091 1
Cz-4,6-8,

11,15, .

17-19 NOT ASSIGNED -] - - - -
Cs. fxd, film ,0022uf 200Vde 1 | 192p22292 56289 | 0160-0154 1
C9 fxd, elect 4,7uf 35Vdc 1 | 150D475X9035B2 56289 | 0180-0100 1
Clg0,12 fxd, elect 100pf 50Vdc 2 . 09ig2 | 0180~1852 1
Cl3,14 fxd, -elect 400uf 100Vdc 3 09182 ] 0180-1887 |
Clé6 fxd, ceramic ,05uf 500Vde 1 | 33C17A 56289 | 0150-0052 1
C20 fxd, elect 400pf 100Vde 09182 | 0180-1887
CR1,2 Rect, Si, 200mA 200prv 250mW 4 | 1N485B 93332 | 1901-0033 4
CR3-7,9, :

10; 12-15.

18,19, 21,

30-33 NOT ASSIGNED - - - - -
CRB Rect, Si, 400mW 10prv 1 | 1N4830 03508 | 1901-0460 1
CR11 Rect, Si, 500mA 200prv 11 | 1N3253 027351 1901-0389 7
CR16 Rect, Si, 200mA 200prv 250mW 1N485B 933321 1901-0033
CR17 Rect, Si. 500mA 200prv 1N3253 02735 | '1901-0389

. CR20 Rect, Si, 200mA 200prv 250mW 1N485B 93332 1901-0033
CR22~29, 34 | Rsct. 81, 500mA 200prv ' 1N3253 02735 1901-0389
" psl Indicator Light, neon 1 | 599-124 72765 | 1450-0048 1
Fl Fuse Cartridge 2A 250V 3Ag 1 | 312002 75915 | 2110-0002 5
Ql $S NPN Diff, Amp 1 09182 | 1854-0229 1
Q2,11-16 NOT ASSIGNED -] - - - -
Q3 SS PNP Si. 2 |, 2N2907A 56289 | 1853-0099 2
Q4 SS PNP Si. 1] 09182 | 1853-0220 1
Qs S5 NPN 51, 4 | 2N3391 03508 | 1854-0071 4
Q6,7 Power NPN 8i. 2 09182 | 1854-0239 2
- Q8 85 PNP SL, 2N2907A 56289 | 1853-0099
Q9,10,17 S5 NPN §i. , 2N3391 03508 | 1854-0071
R1 fxd, ww 1Ka £5% 3W 20ppm 1 |.242E1025 56289 | 0813-0001 1
R2 fxd, met, film 6,2K £1% 1/8BW 1 | Type CEAT-O 07716 | 0698-5087 1
R3, 4 fxd, met, film 20K 1% 1/8W 2 | Type CEAT-O 07716 ) 0757-0449 1
RS fxd, met, film 1.5Kn 1% 1/8W 2 | Type CEAT=-0O 07716 | 0757-0427 1
R6 , fxd, comp 360Ka £5% W 1 | EB-3645 41121 | 0686-~3645 1
R7,9,11, .

14-26, 28,

36-40, 48,

50,59,

62-71,

574-7§. _

82-84 NOT ASSIGNED -1 - - - -
RS fxd, comp 560KA5% IW 1 | EB=-5645 01121 | 0686-5645 1
R10 var, ww DUAL 22K-200n 1 09182| 2100-0998 1
R12 fxd, ww 2Kn £5% 3W 20ppm 1| 242E2025 56289 | 08B11-1B06 1
R13 fxd, comp Selected +5% W 1 | Type EB (obd) 01121 1
R27 fxd, ww 514 £5% 2 { Type BWH 0771e| 0811~-0929 1
R29 fxd, met, film 1,5Ka 21% 1/BW Type CEA T-0 07716} 0757-0427
R30 var, ww 5Ka (Modlify) 1| Type 110-F4 11236 | 2100-1B24 1
R31 fxd, comp 1Ka £5% 3W 2 | EB-1025 01121 ] 0586-1025 1

62068
6~5

1

mEn, .
=
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REF, MFR,

' DESIG. DESCRIPTION TQ MFR. PART NO. CODE PART NO. RS

R32 fxd, ww ,51a £5% Type BWH 07716 | 0811-0929

R33 fxd, comp 1Ka 25% W EB-1025 01121 | 0686-1025
R34 fxd, comp 1505 £5% W 1 | EB-1515 01121 | 06BE~1515 1
iR35 fxd, comp 3.3Kn &5% W 1 | EB=3325 01121 | 0686-3325 1
R4l fxd, comp 12Ka 35% W 1 | EB-1235 01121 | 0686~1235 1|
R42 fxd, comp 6,8Ka £5% W 1 | EB~6625 01121 | 0686-6825 1
P43 fxd, met, fiim 5604 1% W 1 | Type CEB T-O 07716 | 0698-5146 1
Rd4 fxd, comp 47Ka £5% W 1 | EB=4735 01121 | 0686-4735 1
R45 fxd, comp 5,1Kn 5% AW 1 | EB=5125 01121 | 0686-5125 1
R46 fxd, comp 100Ka £5% W 1 | EB-1045 01121 | 0686-1045 1
R47 fxd, comp 910, 5% W 1 | EB=-9115 01121 | 0686-9115 i
RA9 fxd, ww 1,5Ka 25% 10W 1 | Type 10XM 63743 | 0811-1913 1
R51 fxd, comp 20Kn 5% W 1 | EB-2035 01121 | 0686-2035 1
- R32 fxd, met, film 2Kn 1% 1/8W 1 | Type CEAT-O 07716 | 0757-0283 1
R53 fxd, comp 470, 5% W 1 | EB-4715 01121 | 0686-4715 1
_R54,55 fxd, ww 3a 20,5% 3W 2 | Type T-3 01686 | 0811~1986 1
R56 fxd, met, film 1,62Ka 1% 1/8W 1 | Type CEA T-O 07716 | 0757-0428 1
R57 ' fxd, met, film 3,4Ka 21% 1/8W 1 | Type CEA T-O 07716 | 0698-4440 1
R58 ' fxd, met, fllm 190 1% 1/8W 1 | Type CEA T-O 07716 | 0698-5868 1
R60Q fxd, met, fllm 6.81K. 21% W 1 | Type CEB T-O 07716 | 0757-0750 1
R61 fxd, met, film 63Ka 21% 1/8W 1 | Type CEA T-O 07716 | 0698-5152 1
R72 var, ww 100, (R72 Modify) 1 | Type 110-F4 11236 | 2100-0281 1
R73 fxd, met, film 42,2, 1% 1/8W 1 | Type CEA T-O 07716 | 0757-0316 1
R8O fxd, comp 33Ka £5% W 1 | EB=3335 01121 | 0686-3335 1
R81 var, ww 1Ka ' 1 | Type 110-F4 11236 | 2100-0391 1
R85 fxd, met, film 4,75Ka £1% 1/8W 1 | Type CEA T-0O 07716 | 0757-0437 1
RB6 fxd, met, film 8,25Ka %1% 1/8W 1 | Type CEAT-0 07716 | 0757-0441 |
RB7 Thermistor 64a £10% 1 | LBl6J1 15801 | 0837-0023 1
sl Switch 8PST On/Off 1 | T110-72 73559 | 3101-1055 1
s2 Rotary Switch Concent. Shafts 1 09182 | 3100-1913 1
Tl Power Transformer 1 09182 | 9100-1822 1
VR1 Diode Zener 6,2V 5% 400mW 1 | 1N821 06486 | 1902-0761 1
VR2 Diode Zener 6,19V £5% 400mW 1 | IN753 04713 | 1902-0049 1

" MISCELLANEQUS

Front Panel (Blank) ' 1 09182 | 5000-6062

Front Panel (Includes Components) 1 09182 | 5000-6064

Right Side Casing 1 09182 | 5000-6057

Left Side Casing 1 09182 | S000-6058

Cover {Top) 1 09182 | S5000-6061

P, C, Board (Includes Components) 1 09182 | 06206-60020
5 Way Binding Post (Red) 1 09182 | 1510-0040 1
5 Way Binding Post (Black) 2 | DF21BC 58474 | 1510-0039 1
Line Cord Plug PH151 7}’ 1 | KH-4096 70903 | 8120-0050 1
Strain Rellef Bushing 1 | SR-5P-1 26520 | 0400-0013 1
Jumper 7 § 422-13-11-013 71785 0360-1147 1
Barrier Strip 1 09182 | 0360-1234 1
Guard (Barrier Strip) 1 09182 | 5020-5540 1
Rubber Bumper 4 | MB50 87575 0403-0088 1
Rubber Bumper (PCB) 3 | 4072 87575 | 0403-0086 1
Knob 1 Insert Pointer {Black) 1 09182 | 0370-0107 1
62068
6-6




REF. ' MFR. ¢
¥nob 17/64 Insert Pointer (Black) 1 09182 | 0370-0101 1
Knob, Bar 1/8 Insert Polnter (Red) 1 09182 | 0370-~0102 1
Knob 3/16 Insert (Red) 1 09182 | 0370-0179 1
Meter Bazel 1/6 Mod, 1 09182 | 5040-06°% 1.1
Fuse Holder d | 342014 75915 | 1400-~0C .-,l' 1
Meter, Dual Scale 0-70V 0-1,2A 1 09182 | 1120-1144 1
Meter Spring 4 09182 | 1460-0720 1
Mica Insulator 2| 734 08530 | 0340-p174 2
Insulator, Transistor Pin 4 09182 | 0340-0166 4
Insulator 4 09182 | 0340-0168 4
Carton . 1 09182 | 9211-0848
End Caps 2 09182 | 9220-1218
62068
6=7
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. : S APPENDIX A .

]

DESCRIPTION: '

i B : . |
_This option is instalied in DC'Powe:'Supplies. 62008, 62018, 620
It consists of & printed circult board,

62947, and tested at the factory.
and six wires that aie soldered to the main power supply board,

! . ) .
The crowbar monitors ;hé output voltage of the power supply and fir .
The trip voltage {8 determined by the setting of t

‘when it exceeds the presdt trip voltage.
JUST control on the front panel, The trip voltayge range is as {o'llows:

i © Ortlon 11, Overvoltage Protection * Crowbar"

2B, 62038, 62048, 62068, and
screwdriver-type potentlometer,

es an SCR that shorts the output
he CROWBAR AD- .

- Model . 62008 6§201B 62028 62038 62048 ‘5?0.58 g%g:g
: ¥ S .
Trip Voltage Renge | 2.5-44V 2523y | 2.5-4dv | 2.5-10v | 2.5-44V' | 2.5-44V 2,5-65V

i
i

sents the mlghnumcowbar trip setting for a given output yoltage;
than this margin, :

1

OPERATION:

1. Turh the CROWBAR ADJUST fully clockwise to get the trip vol

tage to maximum,

, To prevant transients from falsely tripping the crowbar, the trip voltage must be set higher than lhe
power supply output voltage by the following margin: 4% of the output voltage plus AN
the trip voltage can always be setl

The margin repre=

2, Setthe power supply VOLTAGE centrol for the deélred crowbar trip voltage, To prevent false crow-
bar tripping, the trip voltage should exceed the desired witput voltege by the following amount: 4% of the

output voltage plus 2V, -

3, ' Slowly turn the. CROWBAR ADJUST ccw unt!l the crowber trips,

4. Tta‘crowbar will remain activated 'and the output shorted until the supp

the crowbar, turn the supply off, thejn on.

5, If the CROWBAR must be completely disabled, remove the lead attached to t

I

potentiometer RS,

www.valuetronics.com

output goes to 0 Volt,

ly is turned off. To resét

he CROWBAR ADJUST

higher




Table A-1,

Replaceable Parts

REF, ' ’ MER.

DEIJSIG. DESCRIPTION Q MFR, .PART NO. CODE PART NO, | RS
Cl fxd, elect, ljif 50Vde 1 ] 30D105G0O50BA2 56289 |  0180-0108 1
c2 fxd, mica 510uf 500Vde 1 ] RCMI5ESBLL] 04062 | 0140-0047 1
CR1-CR3 Rect, 51, 200mA 200prv 3 1N4B5B 93332 1901-0033 3
CR4 SCR 7.4A IQOprv 1 | C20A 03508 1884-0031 ‘1
Q1,2 58 NPN 51, L 2 | 2N3417 03508 1854-0087 2
Rl fxd, mei, fllm 10A 1% 1/8W 1 | Type CEA T=O 07716 | 0757~0346 1
R2 fxd, 'comp 5.1Kn 5% 2W 1 [ Type C425 jv299 1 0698~3644 1
R3 fxd, met, film 1,21Kn %1% 1/8W ' 1 |Type CEA T-O 07716 | 0757-0274 1
R4 fxd, met, film 19.1Kn £1% 1/8W 1 | Type CEA T-O 07716 | 0696~4484 1
RS Jor ww 10K 5% 1 09182 | 2100-1854 1
Rb fxd, ww lKn 5% IW 1 | 242E1025 56289 0B813-0001 1
R?7 fxd, comp 22a £5% %W 1 | EB-2205 01121 | 0686-2205 1
R8 fxd, met, fiim 150 £1% 1/6W 1 | Type CEA T-O 07716 [ 0757-0284 1
Y Transformer, Pulse 1 09182 5080-7122 1
VR1 Dlode, Zener 16.2V £5% 1 1NS66 04713 1902-0184 1
VR2 Dlode, Zener 2.37V 5% 1 1N4370 04713 1902-3002 1

MISGELLANEOUS -
Printed Circuit Board (Blank) 1 09182 | 5020~5750
‘ P, C, Board (Includes Components) 1 09182 | 06206-60021
Heat Sink 1 09182 5000-6229
Insulator {CR4) 1 09182 | 0340-0462 1
Mica Washer 1 09182 | 2190-~0709 1
Cable Clamp 1 1 1T4-4 79307 1400-0330 1
Front-Panel, Modlfied (Model 6206B) 1 09182 |06206-60003
Front Panel, Modified {Model 6294A) 1 09182 106294-60003
: : ‘ ,
1
]
1
 6284A
6206B
A-2
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DC POWER SUPPLY
MODEL 62068,6294A
]
| f
FROM INBOARD
SIDE OF HE4 x /
BIAS VOLTAGE FROM A i
COLLECTOR OF QT R2 RS
i BIK 10K
325% CROWBAR
2w ADJUST
; R4
+OUT 121 Kg
:l%- 02 ! R&
_ 170 W TR
: ] 3W
| VR & 3 _CR4
' | sav : . L.
[ T4
sl ¢ RO
= lut > 1501 4
T sov %
Ly jee
121K r Y
1 L% '
ew
| ¢ 32 f" '
100
| s00v”]
} |
VR2
-0uT ﬁr’ 2.4V
-[CIRCUIT, PATENTS APPLIED FOR.LICENSE TO USE
MUST BE OBTAINED IN WRITING FROM HEWLETT-
PACKARD €O HARRISON DIVISION.
i

Figure A-1, Model 62068 and Model 6294A Overvoltage Protection "Crowbar®
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APPENDI !
MANUAL Bacxnmue CHANGES

Manual backdating changes descrlhe changas necessary to adapt this manual to earller instruments, To
adapt the manual to serlal numbers prior to BA2351 Inspect the following table for your serial number and

then make the appropriats changes,

SERIAL MAKE
Prefix Number CHANGES
8A 2277 ~ 2351 1
8A 2177 - 2276 1,2
BA 1877 ~ 2176 1,2,3
BA - 1677 - 1876 1,2,3,4
6] 0776 - 1676 1. 2: 3| 4.5

CHANGE 1:

In replaceable parts list, make the following
change:
Q4: S8 PNP Si,, €3 Part No, 1853-0040,

‘CHANGE 2:

In replaceablf. parts list, add: :
CR17° Rect, 81, 500mA, 200prv, 1N3253 R.C. A,
¢ Part No, 1901-0389,
On schematic, connect CR17 cathoda to base of
Q6 and anode to 45,

CHANGE 3:
i . o
In replaceabie parts list, make the following
change: -
R33: 2.4Ka £5% W, EB-2425, A.B,, & Dart No,
0686~2425,

CHANGE 4:

In replaceable varts list, nake the following
changes: :
Add: CR21, Rect. Si, 400mW l0prv, ¢ Part No
1901~0461,
Deleie: Q10, R51, '
Change:
R34: 180a x5% 3W, EB~1815, A,B., @& Part No,
0686-1815,
R53: 10a £5% W, EB-1005, A,B., @ Part No.
0686-1005,

For serial numbers 8M2352 and up check for inclusion of change sheet,

R54: 3.08, 20,5% 3W, Type T-3, R,C,L,, &
_Part No, 0811-1987,

R8l: 100, varlable, Type 110~F4, G,T.5,, &
Part No, 2100~0281,

On schamatic dlagram, make the following changes:
Open R51,
Connect the current limiting circuit as follows:

T0 CATHODE
oF

CRIS
RB2 R33
= 8.2y =N

REI

R3S

RS4
‘N' -

TP23 +F

Note that in Paragra‘:ph 5=52, Step e, the Volt-
meter should now read 2,55Vde (1. 25Vdc for
Model 6206B),

CHANGE 5t

In replaceable parts list, make the following
changes:
Add: CR6, Rect, Si, 200mA 10prv, IN4B30, G.E,
@ Part No, 1901-0461,
Add: CR7, Rect, S{, 100mA 159rv, 1N4828, G,E.
& Part No, 1901-0460, .
Delete: Q5, Q!7, R35, RS2, R85, RBE,

Change: '

R3, 4t 23Ka 21% 1/8W, Sprague, & Part No,
0698-3269,

R29: 6,2Ka #5% }W, EB-6225, A, B,, & Part No,
0686=5225,

R34: 220, £5% }W, EB-2215, A,B,, & Part No,
0686~2215,

R47: 750 %5% 4W, EB-7515, A,B,, & Part No,
0686-7515,

www.valuetronics.com




 CHANGE 5: (Continued) : nact the anode of one to the emitter of Q3 and
the cathode of the other to +5 {remaining anode
RS6: 1,69Ka £1% 1/6W, Srrague, & Part No, and cathode tled together).
- 0698-4428, " B, Short Q5 base to emitter, Open collector
R57: 3.57Kn 1% 1/aw, Sprague, & Part No. lsad of Q5,
0698-3496, C. Open all leads of Q17,
RS8: 196n 1% ), 'ew. fiprague, @ Part No, D, Open R35,
0698~-3340, E. Open R52,
F, Open R85,
t G, Open R86,
O schematlc. make the following changes: H. Remove R29 and connect it from the emitter
A. Connect CR6 and CR? in series alding. Con- of Q3 to 12.4 reference voltage.
Al } i
[}
B-2
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SECTION VI

CIRCUIT DIAGRAMS

This section contains the circult dlagrams neces- wiring hoard,

sary for the operation and maintenance of this
power supply, Included are:

b. Schematic Diagram, Figure 7-~2, which
illustrates the clrcuitry for the entlre power sup-

a, Comr.nent Location Diagram, Figure ply, Voltages are given adjacent to test points,
7-1, which shows the physical location and refer~ identified by encircled numbers on the schematic
ence deslgnator of parts mounted on the printed and printed wiring board,
7-1
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= ,
: o
'f) 3 HOTES: ' J
_ ( J I ALL RESISTORS ARE IN OHMS, I/2ZWATT, 8% UNLESS OTHERWISE NOTED. ! «F{FRONT)
> 2 ALL 178 AND I/74 WATT RESISTORS ARE )%, IOOPPM. .
« 3 T OENOTES NOMINAL VALUE COMPONENTS SELECTED FOR OPTIMUM PERFORMANCE. CIRCUIT PATENTS APPLIEQ FOR. LICENSE TQUSE
' 4 TRANSFORMER SHOWN STRAPPED FOR JISVAC OPERATION. SEE INSTRUCTION MANUAL FOR 220VAC. MUST BE OATAINED I wRITING FROM HEWLETT=
'? 5. —apweems—mm— DENOTES VOLVAGE FEEDBACK SIGNAL PACKARD CO.NEW JERSEY DIV,
& ~osmp——esens-[DENOTES CURRENT FEEDBACK SIGNAL.
. 7. ] DENOTES FRONT PANEL MARKINGS.
TYPICAL DECK & N DENOTES 20PPtl WIRE TEMPERATURE COEFFICIENT.
VIEW FHOMFRONT PANEL B DC VOLTAGES WERE MEASURED UNOER THE FOLLOWING CONDITIONS:
' A SIMPSON MODEL 269 OR EQUIVALENT.
: B. ISVAC INPUT.
¢ VOLTASES REFERENCED TO +5 UNLESS OTHERWISE NOTED.
. VOLTAGES ARE TYPICAL 210% UKLESS OTHERWISE NOTED.
€ ALL READINGS TAXEN IN CONSTANT VOLTAGE OREAATION AT ! .
MAKIMUM MATED QUTPUT WITH NOLOAD CONNESTED.
Figure 7-2. Schematic Diagram, Model 6206B

Figure 7-1. o]
gu Component Location Diagram . 10, ALL CAPACITCRS ARE W MICROFARADS UNLESS OTHERWISE NOTED.

1
'
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L MANUAL CHANGES . o i

') Model'6206B DC Power Supply . o . S ‘
HP Manual Part No, 06206-90002 ' A P

! )

g

- Make &ll corrections in the mianual according to errata below, then check the followlng table for your power .

supply serial number and enter any listed change(s) in the manual, i

TR WAKE 1 _ CHANGE Z:
} CHANGES In the replaceable parts table, change power
"} Prefix Number ‘ transformer T1 to HP Part No, 06206-80091,
o | otewm 1,2 ANGE 3:
- ' ' CHANGE 3: .
11454 3292-5640 1,2,3,4
1928A 5545-5650, 1 thru & The Serial Prefix of this unit has been changed to
5653, ' 1145A, This 15 the only change,
56555666,
5575-5677, ‘
5679-5680, CHANGE 4:
5685-5690 ‘ ‘
19287 5641-8644, 1 thru 6 In Appendix A, Optlon 1i Replaceable Parts Table
' -1 156515652, ' A-1, change CR4 from HP Part No. 1884-0031 to
! 5654, 1884-0032
5667-3674. )
567 d
5681-5684 ERRATA:
1933A 5659-5990 . 1 thru 6
2006A 5991-6140 1 thru 6 ' In parts list, change HP Art No, of rubber bumper
‘ 2041A 6141-6960 1 thru 7 (qty. 4) to 0403-0002,
| 22284 6961- up 1 thru 8 |
In Figure 3-8, connect jumper between the + snd
* +3 terminals, In Figure 5-4, change Ry listed for
*  Madel 62068 to 3 ochms, :
In Tatle 1~1, charge the INTERNAL IMPEDANGE
A3 A CONSTANT VOLTAGE SOURCE {Qutput !mpe-
dance) speclfication to read as follows:
Output Impedance (Typleal): Approximated by
2 40 milllohm reststance in series with a 1 micro-
‘ henry Inductance, '
The standard colors for this instrument are now
mint ‘gray (for front panel) and olive gray (for all
. J other external surfaces}. Option X95 designates
CHANGE 1: . usa of the former color scheme of light gray and
n , blue gray. Option AB5 designates use of a light'
it the te
:hange: phcfsable parts list, make the following gray front panal with olive gray used for all sther
. Terminal Strip: Add, HP Part No, 0360-0401 external surfaces. New part numbers are shown
o ' ' ' ' below:
HP PART MO,
DESCRIPTION :
. STANDARD OPTION A85 OPTION X95
Front Pans!, Lotterad. 06206-60004 06206-60001 —
Heat'Sink Rear 5060-7365 —— 5060-6120
] B - .
Chassis, Right Side 5060-7956 ———— 5060-6118
Chassis, Lett Side © 5060-7955 — 5060-6113
Cover, Top 5000-9424 e 5000-6061
Rack Kit (an~ Jsory) 14523A 14523A-A85 ——
l .
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' I

1
o ‘ S CHANGE B:
' - Manual HP Pert No. 06206-30002 = ', » | .
’ . Page -2 - L S ! ‘ In the replaceable parts list and on the schenatic,
S R : _— change R 10 to var, ww 20k ten-turn HP P/N 2100-
. Fffectlve.Januaty I'st, 1577, Option 007 {(10-turn = ' 1867 qty 1, Also dsletur Krob 17/64 insere

valtage contral) has beon redesignatad Option 009, ' 'snd Knob 3/16 inser.
voltage contral) has beon gnatsd Op ' :Add: " Xnob, round H? B/N 0370-0137 gty 1.

and Option 013 (10-turn voltyge control with deca~- ‘

dial) has beon redesignated Cptlon 015. Make his chunje eliminates Option 003 because optio
d . 009 is now' standard ‘equipment,

thase changes wherever Optjon 007 or 013 15 ' T

" mentioned in the manual, . 5/26/82
\ . . " . .
The front panel binding posis have been changed
- to 8 type with better designed Insulation. Delete
the two types of posts isted on page 6=6 of the
- parts 1ist and add: black binding post, HP Part
No. 1510-0114 (qty. 2); and red binding post,
HP Part No. 1510-0115 (qty. 1). ‘
' Change the jart number of pllot light DS to
i, 1450-0566, This new light is more reliable
" "than the former one.
The blue-gray meter bezel has been replaced by
a black one, HP Part No. 4040-0414,
The carrugated shipping carton £or this ;mndel has
been'chapged t> HP Part N~ 8211-2570. Twn 9220-
- 2703 flnater pads are used. .
For all ingtruments delivered on or after Julyl, .
1978, change tha HP Pirt Mo. for Juteholder from
1400-0084 to fusehaoldet bady 21 10-0364 and fuse-
holder carrier 2110-05¢ 5. Change the HP Part No. . \
" for fuseholder nut from 2950-9038 to 2110-0566. :
§t old fuseholder must Le replaced for &0Y reason,
replace complets fuseholder and nut with new
fuseholder parts. Do not replacs new parts with ! !
old parts. ! )
CHANGEE, ' ' ’
In tne peets tlse, change the HP Part No. for the . |
dinding poits snd associated |, -
hardware 1o thi following: : ‘
Red binding pout, a1y 2 : 1510:009) | ' . oo :
iTerminal lug, qty 2 :03697004.2 .
Lockwasher, gty 2:2180- 0079 © - . s . ) '
: . ! i .
Black binding poat, qry 1 : 16900107 N
Ny Terming lug, gty 1 : 0360-1160 ’ ; .
Nut,qiy 3 ¢ 29500144 s . )

’ ] CHANGE 8 J :
1 the replaceable parts vt e9d on the sciematic, o ! '
changa HP Part ! lumbars snd values as follows: Cd
04 Chinge 1o 1853-0028 :

:31933 &hcmtoms-st's,51o ohm ' ‘ .
4non to 0685-1.316, 130 oh B
Add 5000-8424 heatsink for 04, 7 :
Pasts are not interchangrable. } i !

CHANGE 7; ] .

- In the rhphcubh parts liat, change switch 5t 1o HF Part . ,
Number 3101-2424. On the Schematic dlagram: change o .
§1 to shaw two switch sections, ane which breaks the
AC Ling {as shown}, the oiher bresks the ACC Line.
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