Errata

Title & Document Type: 6212B/6214B/6216B/6218B DC Power Supply Operating
and Service Manual

Manual Part Number: 5950-1928
Revision Date: November 1982

About this Manual

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

HP References in this Manual

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

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

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

product information on the Agilent Test & Measurement website:

www.agilent.com

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

Agilent Technologies
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Pl SAFETY SUMMAHY
e ,1 : ’

: Tho to#amng gmcral safety precaunons musr bo ‘observed dunng a!l rhases of operation, sorvicc, and repair of this instru-
i mem Fang 1o comply wrth these prccau!ions or with specmr wamfngs tisowhere in this manual violates safety stardards
Lo } of design, imanufacturs, and Intended use of the fnsmmml Hmdatr-Packard Company assumes no lability for the
RN it *cu:rarrms fmlura 10 comply with these raquwnwnfs o -

L ! e P . o 1 . X . ' b :

el M E o ') td

'_f"éstb‘ne APPLYING POWER, . DO NOT EXCEED INPUT RATINGS.

“ .|, Verity that the product Is set to match the avallable lina  This instrument may be equipped with a line filter to reduce
R voltuge and |ho comct fuu is Installed, : . wlectromagnatic interference and must be connectad 16 a pro-
S T pery grounded receptacla to minimize efectric shock hazard,
boo g GROUND THE INSTRUMENT AU . ~ Operation at line voltapes or frequéncies in excess of those

o " “Inis product Is & Selaty Class § [nstrument lprovided withs . stated on the data plete may cause leakage currents in excess
: of 5.0 rnA paak,

" protective earth tarminal),- To ininlmize shock hazard, the i in-
strurnent chessis and cabinet must be connacmd 10 an slec-
tricsl ground, The instrument must be connacted to the ac SAFETY SYMBOLS

‘ power supply mains through 8 three-condyctor power cable, iritruction’manuat symboi: the product
7, with the third wire firmly connected to an electrical graund & - will be marked with this symbol when it
" {safety ground) at tha power outlet, For nstnnnants designed | " Is necessary for the user to refer 1o the
to be hard-wired to the ac power lines Isuppiy mains), connect . ‘nstruction manual lrefer to Table of
. the protective earth ‘tarminal to 8 protective conductor before Pt Cuntsrts),
‘ - any other connection Is made. Any interruption of the protes- '« S
i | tive grounding) conductor of disconnection of the protective | ; Indizates hazardaus voliages.

A eerth terminal will cause 2 potentlal shack hazerd that could . ’
R msult in parsonal injury. If tha instrument is to be energized via ' . '

. an mernul autotransformer for voltage reduction, be certzin @ or wdw Indicate sarth {ground} terminal.
: that the sutotransformer common terminal Is connected tothe 3 )

_ neutral Ieanhed pole} of the ac power lines {supply mnins) : . :

INPUT POWER MUST BE SWITCH L IWARNING | To G e e,
CONNECTE p ol " ' . or the Iike, which, if not correctly per-
" For inslrumeqtswllhouta bulltin line switch, the lnput power ; . formed or adhered to, could result In
17 Nes mu;t contain 8 switch or enother edequaty means for - personal injury, Do net procesd beyond
dusconneming tha Instrument fmm tha ac pawer ines (supply . a WARNING sign until the [ndicated
malna) ) ol ‘_ ; : o conditions are fully understood and met.
DO NOT OPERATE IN AM EXPLOSIVE , -
ATMO ERE : Tha CAUTION sign denotes a hazard. It
Do not oper’mo the inslrument in the prosance of ﬂammubte CAUTION | cans ) auention to an opereting pro-
gusas or lumos o, : cedure, or the like, which, If not correct-
ﬁ ) ly parformed or adherad to, could result
KEEP AWAY FROM LIVE C]RCUITS o y . damogje to or destruciion of part or all

Opemllng pmonnen must not' remove instrumont covers.
Component replncsment end Internal adjustments must be
rnada by qua!lﬂed sarvice personnel. Do not replac.e com-
poneqts with' powor cable connezted. Under certain condl- i ) .
tionc, dangarou voltages may exist even with the power cable ey ol Cn

removed. Yo avoid injuries, always disconnlct power, |
" discharga circuits and remave extsrnal voltage sources before - DO NOT SUBST|TUTE P‘QRTS OR

: touchlnq components. _ . 'MODIFY INSTRUMENT. )

Beceuse of the danger of introcucing edditional hnards, do

DO NOT SEH\"CE OR ADJUST ALONE. not install substitute parts or parform any unauthorized

_ ‘Do not attempt internal service or adiustment unless anothar modification to the instrument. Return the instrumant to s

\ pe&uqn capabla of rendering ﬂm n:d and resuscitation, is Hewlett-Packard Sales and Service Offica for service and
pment. . : ‘ . ‘ repalr to ensure that safety faamres are muintainad. i

RALIR I , elthe ‘product. Do not proceed beyand
oo a CAUTION sign untl the indicated con-,
dmons are fu..y understood and mat.

fmfrumenrs wh:ch vppeur damagod or defecrm should be made inoperative snd secured agmns: unintended operarmn until . [
rher can be repaired by qua!r!red service personne! .

L : . R ’ Lt
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o ‘. Section | I "
L ! GENERAL INFORMATION U TR

[T
DESCRIPTION .
1-2 © This power uupply is completeiv transistorizad and
cuitable fcr aither bench or relay rack operation; It Is &

‘ompact, well-regulated, Constant Voltage/Constant
Current supply that will furnish full rated output voltage
at the maximum rates output current or can be con-
tinuously adjusted throtighout the autput range. The front
panel CURRENT control can be usad to establish tha out-
put current imit {overload or short circuit) when the supp-
ly Is used as a constant voltage saurce and the VOLTAGE
controls can be used to establish the valtage limit (cell-
ing) when the supply is used as a conste;it current source.
The supply will sutomaticelly crossover from constant
voltage to constant current operation and vice versa if

. the output current or voltage exceeds these preset limits,

1-3 Eiiher the positive or negative output terminal
may he grounded or the power supply can he Cperated
floating at up 1o a maximum of 300 vplts off ground,

1-4 A single meter is used to massure either ompdt
voltage or output current in volts of mA. The voltage or

" current.range is selected by the METER SELECTION

switch on the front panel.
)

1-5 SPECIFICATIONS

16 Datalled specihcano 15 for the power supply are

given in Table 1-1,

17 OPTIONS S ) '
. [ i
1-8 Opﬁons are factory moan cations of b standard
instrument that are requested by the customer, The
following options are available for the instrument covered
by this manual. Where necessary, detailed covarage of
the opﬁons is Included throughout the ma-'.unl
' . ;) i E

Description
230 V, 50-400 Hz, Single-Phase
Output. Fagtory nodifization con-
sists of reconne: ting the Input
trensformer for 23 Vac operation.
Refer to Section ) for further
details. '

Option No.
')28

C1-12.

. o
S : b

910 One additional operating and ser-
vice manual shipped with the, -
power supply.

19 ACCCESSORIES
1-10 Tha accessaties listed in tha fallowing churt may

'ba ordered with the power supply, ur separately from your
local Hewlett-Packard field sales office {refer to lisi at rear
of manual for addresses).

HP Part No. Description
14521B 3 1/2" High Rack Kit for mounting
up to three BENCH supplies. (Refer
) to Secticn l for details,)
1-11 !NSTRUM'ENT AND MANUAL

. IDENTIFICATION

" Hewlett- Packard power supplies are Identified
by a two-part serlal numbe:. The'first part is the serial
number prefix, a nu nber-letter combination that denotes
the date of a significant design change and the country
of manufacturr  The first two digits of the prefix indicate
the year (20 - 80, 21 = 81, etc.), the secend two digits
indicate the week, and the letter A" designatas the USA
as the country of manufacture. The second part of the
sarial number is a different sequential number assigned
to each power supply, starting with 00101 '

1-13 - If the serial number on your Instrument does not,
agrae with those on the title page, of this manual, a vellow
change sheet- supplied with the manus| defines the dif-
ference between yeur instrumen ‘and the instrument
descrlbed by this manual, \

1-14 ORDERING ADDITIONAL
MANUALS
. 115 One manual is shipped with each power supp-

ly. Additional manuals may be purchased from your local
Hewlett-Packard field office {see list at rear of this manual
for addresses). Specify the model number, serial number
prefix, and HP stock number provided on the title | page.
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LOAD REGULATION T

Consts it Voitage ~ Lfass than 4 rnV IB mVY, 6.2128}

for a load 'urrem change equal to tr.a current rating of |
, the suppiy Lo

'Ccnstant Currem Less 1han 500 A for'a load
voltaga change equal to thd voltage rating of the supply
LINE REGULATION: !

Constant antuge —Less than 4 rml for £10%
change in the nominal line voltage at any Qutput voltage
and current within rating.

Constant Curpant-Less-than 500 A fora + 10%
- <hange ip the normal line voltage at any output vonage
land current withln ratIng. S
HIPPLE AND NOISE:
~ Constant Voltage - Less than 200 gV ims/1mVp-o
(dec to 20 Mhz). .

Constant Current - Less than 150 pA p-p {de to 20

]

TENMPERATURE RANGES: °
.+ Operating: 0° to 66° C.

.. | Storage: ~40°to +75°C,

TEMPERATUHE COEFF 'CI:NT.

Constam Voltaga Le*..s thar 3.02°% +1mV output
change per degree centfgr?dn chang2 n ambient foltawy-
ing 30 minutes warm-up.

Constant Current ~Lese than (see table} output .

‘change per regree cemigrado change In ambient follow-
ing 30 minutes warm-up.

6212A - 0.5 mA
62148 ~ 6 mA
62168 - 2 mA
’ 62188 - 1 mA

H

0 to 60 Vde, 0t )

)

' .STAmurv,

Constant Voltage - Less than 0.1% +5mV total drift -
for B hou's following 30 minutes warm- up st constant
ambient, constant line voltage, and constant load.

Constant Cunent Less than (see table) total drift
'for 8 hours following 30 minttes warm-up at constant

. amblant, constant line valtage, and constant load,
[ '

!

62128

- 1.3mA
6248 - 16EmA
o 62168 - . BmA
' 6288 - 25mA

: TRANSIENT RECOVERY TIME:

Less than 50 psec for cutput voltage recovery in cons-

| tant voltage operation to within 15 mV of the nominal

-output voltage folluwing a change in output current equal
to the current ralin'g of the supply.

OVERLOAD PROTECTION: =~ S
A fixed current fimiting circuit protects the power supp-

ly for all overloads jncluding a direct short clrcuit, r\:laced
. ,across the output terminals in constant voltage operation.

\ ;
MFTER !

The front panel meter can be used as a voltreter or
an amraatse,

CUTPUT CONTROLS C

Concentric coa'se and fiie voltage controls and can- - |

cantric coarse and fine'current controls set desired out-

T voltagelcu-ient. Meter swnch selects voltage or

cJrrent.

OQUTPUT TERMINALS: ‘ .
Three “five-way” output terminals are provided on the -
* front panel. They are [solated from the chassis and either
the positive or negative terminal may be connectad to
the chassis through a'separate ground terminal,
COOLING:
' Convectian cooling is employed, The supply has no
moving parts.

SIZE: .
See Figure 2-1. _ :

WEIGHT: . . i
4.75 Ibs./1,2 kg. net, 6.75 Ibs./3,1 ka. shipping.; -

FINISH:
Dark grav.

POWER CORD: !
A 2-wiie, b foot (1,62 cm) nower cord is provided with
each unit. ‘ s ‘ o

www.valuetronics.com
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N Figu'rg 2.1,'Outline Diagram

INITIAL INSPECTION

22
and found to be free of mechanical gnd electrical defects.

As soon as the’ instrument is unpacked, inspect for any
- damage that may have occurred in transit. Save all pack-
ing materials until the inspection is completed. If damage
, Is found, flle claim with carrier immediately.  Hewlutt-

 Packard Sales and Service office should be notified as

24

www.valuetronics.com' .

sann as paossible.
2-3 - Mechanical Check -

' This check should confirm that thelre are no

_Before shipment, this instrument was inspecte& ‘

C Section |l | :
P INSTALLATION

2:6

broken knobs or connectors, that the cabinet and panel
surfeces are frae of dents and scraiches, and that the

meter s rot scratched or cracke:.

2.5 . Electrical Check

The instruinent should be checked against its
electrical specifications, Section V includes an "in-
cabinet” performance check to verify proper instrument

' operation.

INSTALLATION DATA.

2.8 . Theinstrument s shipped ready for bench opera-
tion. It is necessary only to connect the Instrument to
& source of power and it is ready operation.

2-9

2-10  This Instrument is air coo.ed Sufflcient space
should be aflotted so that 8 free flow of f'uoltng air can
reach the rear of the instrument when It Is in operation.
Jt should be used in an area whare the amblem
temperature does not excead [ (‘ :

211

2-12 Figure 2-1 Illustrates ‘the aumna 'shape ‘and
dimensions of Models 62118 tbrough 62188,

213

2.7

Location

Outline Diagram

Rack Mountlng

214 Thisinstrument. may be rack mounted separately
or with a maximum of two other BENCH Series supplies
s shown in Figure 2-2. The units are placed in the Rack
Mounting Frame. The Rack Mounting Frame is then
fastened to the rack frame.

3 Aoy .
Figmkl 2-2. Rack Kit with thzee BENCH supplies.

2-1
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2-16 INPUT POWER REQUIREMENTS
2-18  This power supply may be operated continuous-
by from elther a nominal 116 volt ar 230 volt 50-400 Hz
power source. The unit as shipped from the factory, Is
wirad for 116 volt operation, The input power required
when operated froma 116 volt power source at fuli load

st

Model 'nput Curzent  Input Power
62128 0.29A 2BW
6214B - 0.29A 28W
62178 0.26A ' 6W
- e8B 02 0 26W
2-17  Connections for 230 Volt
"'+ Operation{Figure 2-3)
12.18  Normally, the two primary windings of the in-

' put transformer are connected in parallel for operation
from 115 volt source. To convert the power supply to
operaiion from a 230 volt source, the power transformer
windings are connected in serles es follows:’

a. Unplug the line cord and remave the top cover
ag described in P.. sgraph 6-3,

b. Remove the jumpers betwesn taps 4-2 and 3-1.
Solder a jumper between taps 3-2 on the input
nower transformer T1, see Figure 2-3.

¢. Replace existing fuse with 0.5 ampare, 230 volt

;.4‘”58- ’ | .
d. Replace existing line cord plug with a standard
-230 volt plug
2-19 Powar Cable \
2-20 To protect operating personnal, the Mational

. Electrical Manufacturers Assoclation ANEMA) recom-

mands that the Instrument panel and cabinet be ground-
ed, This instrument is equipped with a three conductor
power cable. The third conductor is the ground canduc-

t

2

|
¥

tor and when the cable Is plugged into an eppropriate

receptacle, the instrument is grounded. The offset pin
wn the power cahle three- prong connector is the ground
cannection.,-

| |
i |
| |
| |
| |
! ' l
! l
s -

TRANSFORMER PRIMARY
CONNECTED
133~VOLT OF

TRANSFORMER PRIMARY
CONNECTED FOR

115=VOLT OPCRATION RATION

b
Figure 2-3. Input Power Transformer, Connections

221
operating the instrument from & two contact outlet, use
o three-prong to two-prong adaptar and connect the
green lead on the adapter to ground,

222 REPACKAGING FOR SHIPMENT

To Insure safe shipment of the instrument, itis
recommended that the package designed for the instru-

" ment be used. The original packaging material is reusable,

If itis not available, contact your local Hewlett-Packard
field office to obtain the materials. This office wili also
turnish the address of the nearest service office to which
the instrument can be shipped. Be sure to attach a tag

110 the instrument which specifies the owner, model

number, full serial number, and service requirec) or a brief
description of the trouble, ,3

To preserve the protection feature when
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KOUT E- A ,i' I

,,,‘,h TURN-ON'¢ _ B
_ i v PBOCEDL SR :
‘ 32 Thefollpmng cher, ....tproceduredescrlbasthe )

"use of the front panel control and Indicators lllustraled
RUN !n Figure 3-1and ensures that tha supp'y ls operalional

- Figure 3-1. Front Pansl Controls and Indicators.

U} Set AC toggle swutch m upward to on posl
. tion; indicator (2} should light.
b, Set METER SELECTION switch {3) to

VOLTS position, '

© ¢ Turn coarse {4) and fine (5) VOLTAGE con-
: ~ -trols fully ccw to ensure that Qutput
) decreases to UV then turn the VOLTAGE
. controls fully cw to ensure that output
Y7 voltage increases to the maximum rated out~
' put voltage. :
"Set METER SELECTION switch {3) to mA

oodl
" position and short circuit {+) and {~) out-
. put terminals,
- " e Turn coarse {6) and fine (7) CURRENT con-

: trols fully cow anu then fully cw ta ensure
1+ 17" that the output current reaches zers and
L1y . maximum rated output.
f, . Remove short and connect load to output

Py terminals,
: 3-3 QPEHATION
34 .\ The power supply can be operated es a single unit

{normal operation), in parallel, or In series. The output
) of the supply can be floated up to 300 volts off ground,

i

www.valuetronics.com
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B 3153"

3

- 3-8

‘put impedance of the power supply. Each pair of con-

Y - Section lll SR .
ORERATING INSTRUCTIONS P

Constant Voltagd'

36 ° To se!ert a constant vollage outaut, proceed ns
fotfows: -

B. - Turn-on power supply and sdjust VOLTAGE
controls for desired output voltage foutpat
"% terminals open).
b.  Short output terminals and edjust CURRENT
contrals far maximum outpit current
.1 allowable (cutrent limit), as determined by
+load conditions. if 8 Joad change causes the
“current limit to be exceeded; the power .
- supply will autofnatlcally crossover to cons-

" 'tant current output oy the present current
{imit nnd.the output Valtage will drop pro-
portionately, In setting the current limit, -
sllowance must be inade for tigh peak cur-
rent which can:cause um janted cross- over,
(Refer to paragtaph 3-20), ‘

37 CONSTANT CURRENT L
e S
38 To select a constam currem outpul, proceed as .
follows: - O T
a.  Short output terminals and ad;ust CURHEMT _
controls for dasited output current. f N ;
b.  Open output terminals and adjust VOLTAGE ey
controls for maximum output vollage
allowable {valtage limit), 8s determined by
load conditions. If a load change causes the
voitage limit to be exceeded, the power
supply will automatically crossover to cons-
tant voltage output at the preset voitage
Nimit and the output current wili drop pro-
portionately. In setting the veltage limit, '
allowance must be made tor high peak '
voltages which can cause unwantad
crossover. {Refer to paragraph 3-20).

CONNECTING LOADS

3-10 Each load should be connacted to the power
supply output terminals using separate pairs of connec-
ting wires, This will minimjze mutual coupling effects bet- .
weer loads and wilt retain full advantage of the low out-

necting wires should bo as short as possible and twisted
or shielded to reduce noise pickup. {If shield is used, con-

'nect one end to powet supply ground terminal and leave

the other end unconnected.)




= 331 It load considerations require that the output
' ‘powst dis!ribution terminals be remotely located from the
. power supply, then the pawer supply vutput terminals

. sholid be connectad to the remote distribution terminals
viaa pair of twisted cr shielded wires and each load

i separalely connected to !he remote distriution terminals,

3 12 _ Operation of Supply Beyond
“ Rated Output . .
313 . The shaded area on the front pane! meter face

" Indicates the amount of output voltage or current that
 Is available n excess of the normal rated output. Ahhodgh

* the supply can be opsrated in this shaded region without
‘being damaged, jt cannot be guaranteed to meet all of
Jdts - performance speciﬁcanons Howevcr, i the line
voltage is maintained abovrs 115 Vac, the supply will pro-
bah!y operate wilhln its Sp‘clﬂcatfons

3 14 OPTIONAL OPERATING MODES
9y 3-15___ Serles Oparation
i 38 : No;mni Series Connections, ‘fWO or -'r'ioré

power supplies can be operated in senes to obtain &
higher voltage than that svailable from a single supply.
- When this connection Is ysed, the output voltage is the
sum of the voltagss of the individual supplies. Each of
1 the individual supplies must be adjuster in oider to ob-
. tain the total output voltage, The povyer supply contains .
" 8 protéctive diode ,connected internaliy across the out-,
_ put which protacts the supply if ohe power supply Istun- |
o CEd off while its series partner(s) Is on,

. 317 Paralle[ Operation
318 ' Twoormore power supplies can be connected
. n parallel to obtain a total output current greater than
~ 1 that avallsble from one‘power supply. The total cutput
. currentis the sum of tha Autput currents of the individual
powei' supplios. The oltput of each power suppiy can

~ be set separately, The output voltage controls of one

power supply should ba set to the desired output voltage;
the other powsr supply should be set for a s.lghtly larger
output voltage, The supply set to thu lower output voltage
will act 8s a constant voltage source; the supply set to
the higher output will act as & current limit source, drop-
ping its output voltage untll it equals that of the other

~ supply. The constant voltage source will deliver anly that
. fraction of its total rated output current which is necessary
to fulml the total current demand,

SPECIAL OPERATING !
'COMSIDERATIONS

3-20 Puls.e Loading <

32 The pcwer supply will automatically €ross over
froim constant-voltags 1o constant-current operation in
response to an increase (over the preset limit) in the out-,
put current. Although the preset limit may be set higher
than the average output current, high peak currents {as
occur In pulse loading) may exceed the preset current
limit and cause crossover to occur, If this crossovar
I|mlung Is not desfred set the presat limit for the peak
requirement and not the average,

3-22
3:23

3'_1.9 '

Output Capacitance

An intemnal capagitor, across the output ter-

‘minals of the power supply, helps to supply high- current

pulses of thart duration during constant voltage opera-

-~ tien. Any capacitance added externally will improve the

pulse current capablility, but will decrease the safety pro-
vided by the current limiting circuit, A high-current pulse
may damage lcad components before the average out-
pu} current is large enough 1o cause the current Iimiting
circuit to operate,

324  Reverse Current Luading
325 . Active loads connected to the pawer supply may

actually deliver a reverse current to the powaer supply dur-
ing a portion of its operating cycla. An external source.

. cannot be allowed to pump current into the supply

without loss of regulation and possible damage to the
output capacitor, To avoid these effects, it is necessary
10 prq!oad the supply with a dummy load resistor so that
the power supply delivers current “hrough the entire
operating cycle of the load device.

3-26  Reverse Voltage Protection. A diade Is gon-
nected across the output terminals with reverse polati-

ty. This diode protects the output electrolyuc capacitors
and the serles regulator transistors from thw effects of
areverse voltage applied across the output terminals. For
example, in series operation of two supplies, If the AC

isremoved fram.one supply, the dicde prevents damage -

10 the unenergized supply which would otherwise result
from a reverse polarity voltage.

3-27 Since series regulator transistors or driver tran-
sistors cannot \withstand reverse voltage, anather diode
Is connected across the serles transistor, This diods pro-
tects the serles transistors in parallel or Auto-Parallel

- operation if one supply of the parallel combination is turn-

ed on befare the other,
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- ) Figure 4-1, Block Diagram. !

OVERALL DESCRIPTION

-2 The major circults of the power supply are shown
- =n the overall block diagram, Figure 4-1.

4-3  Thelnput AC line voltage Is : tepped down by the
power transformer and applied to the rectifier and filter.
Thie rectitier-filter converts the AC input to raw DC which
is fed to the positive output terminal via serfes regulator
Q7 and current sampling resistor R33. The regulator, part
of the fecdback loap, is made to alter its conduction to
maintain a constant cutput voltage or current. The
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voltage developed across the current sampling resistor

is the input to the constant current input amplifier. The

ronstant voltage input amplifier abtains its input by
sampling the output voltage of the supply.

44 . Any changes in output voltage or current are
detected in the constant voltage or constant current in-
put circuit, amplified by the e Jor amplifier, and driver and
applied 1o the serles regulator in the correct phase and
amplitude to counteract the change in output voltage or
current.

45  Two input amplifiers are included in a CV/CC




supply, ons for controlling output voltagu, the other for
controling ‘output current, Since the constent voltage
ampllﬁar tends to achleve zero output Impedance and
alte;s the gutout current whenever the load resistance
changes, while the constant current comparison amplifier
cauxes the output Impedance to be infinite and changes
!l\e autput voltage In response to any load resistance
c!’;ange it Is obvious that the two comparison amplifiers
cannot operate simu'aneously, For any given value of
load resistance, ths power supply must act either as a
constant veltage source ar as a constant current source-it
cannct be both; transfer betwean these two modes Is ac-
complished at a value of load resistance equal to the ratio
of the outplit voltage control ,ettlng to the output cur-
rent control setting.

4.8 Figure 4-2 shows the output characteristic of a
'CV/CC power supply. With no Joad attached (R = e},
louTt=0, and EguT = Eg, the front panal voltage con-
trol setting. When a load resistance Is applied to the out-
put terminals of the power supply, the output current In-
‘creases, whole the output voltage remains constant; paint
D thus represents a typical constant voltage operating
point. Further decreases in load resistance ar? accom-
panied by further Increases in IlguT With no ¢hange in
tha output voliags until the output current reaches Ig,
a value equal to the front panel current control satting.
Ai this point the supply autoryatically changes its mode
‘of pepration and becomes a constant current source; still
“futher decreases in value of load resistance are accom-
panied by a drep In the supply output voltage with no
accompanying change in the output current value. Thus,
point B represents a typical constant current operating
point, Still further decreases in the load resistance result
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_In autput voltage decrea-~es with no change in output cur-

rent, until finally, with a short circuit across the output
load terminals, lgyt=Ig and EgyT=0.

4-7 By gradually changing the load resistance from
a short circult to an open circuit the operating locus of
Figure 4.2 will be traversed in the opposite direction,

Full protection against any overload condition is in-
hevent in the Constant Voltage/Constant Current design
principle since there isn’t any load candition that can
cause an output which lies outside the oparating focus
of Figure 4-2. Whether one is primarily concerned with
‘constant voltage or constant current operatian, the pro-
per cholce of Eg and 1ginsures optimum protection for
the load device as well as full protection for the power
supply Itseif,

4-8  Theline connecting the origin with any ope: Jting

; point of the locus of Figure 4-2 has a slope which is pro-

portignal to tha value of load resistance connected to the
output terminals of the supply. One cnin define a "critical”
or “crossover” value of load resistanca Rg =Eg/lg; ad-
lustment of the front panel voltage and current contrcls
permits this “crossover’ resistance Rg to be set to any
desired value from O to o, If R|, Is greater than Rg, the
supply [n constant voltage operation, while If Ry Is less

“than R, the supply Is in constant current operatian,

4.9  The reference circuit provides stable reference
voitages which are used by the canstant voltage/current
input circuits for comparison purposes. The meter cir-
cuit provides an indication of cutput voltage or current
for bath aperating modes.

410  Diode CR14 s connected across the output ter-
minals in reverse polarity. It protacts the output elec-
trolytic cepacitor and the series regufator transistor from
the effects of a reverse voltage applied across the out-
put terminals, For example, in series operation of two sup-

_plies, if the AC is removed from ane supply, the dicde

prevents damage to the unenargized supply. i

4-11 DETAILED CIRCUIT ANALYSIS”
(Refer to Figures 7-1 and 7.2,
Schematic Diagram)

4-12  Feedback Loop "

4-13  The feedback loop functions continuously to
keep the output voltage constant during conistant voitage
operation, and the output current canstant during cons- ,
tant current operation. For purposes of this discussion,
assume that the unit is in constant voltage operation and
that the programming resistors R10A and B have bean
adjusted so that the supply is yielding the desired autput
voltage. Further assume that the autput voltage instan-
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taneously rises (increases) due to \variatiun {decrease)
In.the external Ioad cirruit,

4-14  Note \hat the change iﬁayi be In the form of &

slow rise in the cutput voitage or a pasitive going AC

signal. An AC signal is coupled to Q1 through capacitor
C1 and a DC voltage Is coupled to Q1=.thr0l;gh R10.

4-15 The Incfease in output voltage .causes the
voltage at the base .»f Q) 1o decrease lgo negative). Q!
now decreases lis conduction and lts collector voltage
- rises. The positive going error voltage Is amplified and
inverted by Q4 and fed to the base of series transistor
Q7 via emitter follower Q5, The negative going input
causes Q7 to decrease its conduction so that it drops
more of the supply voltage, and reduces the output

voltage to its original level, {62128 only, zener diode VR

limits the oltage swing across Q5 and Q7 and, thus,
minimizes the dissipation of Q5).

4-16 If the external load resistance is decreased to a
certaln crossaver point as discussed In Paragraph 4-6 the
eutput currant increases untll trangistor Q12 begins to
conduct. During this time, the output voltage has also
decreased to a level 5o that the base of Q1 is at a high
positive potential. With Q1 In full conduction, its collec-
tor voltage decreases by the amount necessary to back
bias OR gate diode CRG and the supply Is now in the con-
stant current mode of operation, The operation of the
feedback foop during the constant current operating
made is similar to that occurring during constant voltage
operation except that the Input to the constant current
input amplifier is obtained from the current sampling
resustor A33.

417 Series Regulator

4-18  The serfes regulator consists of transistor stuge
Q7 {see schematic at rear of manual), The regulator serves
Bs @ serles control element by altering its conduction so

that the output voltage or current Is kept canstant, The .

conduction of the transistor is controlled by the feedback

voltage cbtained from tha error amplifier. Diode CR7 pro-

tects the serfes transistor against reverse voltages that
could develop during parallel operation, if one supply is
'tumed on: before the other,

4-19

4-20 This circcung consists of programming resistor
R10A and B, and a:differential amplifier stage (G, Q2,
and sssociated components). The constant voltags in-
put amplifier continuously campares a fixed reference
voltage with a portion of the output voltage and, if a dif-
ference exists, produces an eror voltage .whose
amplitude and phase is proportional to the difference. The
vrror output is fed back to the series regulator, through

Constunt Voltage Input Amplificr
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-an OR gate end the driver and error amplifiers, The error

voltage changes the concuction of the serles regulator
which, in turn, alters the output voltage so that the dif-
ference between the two Input voltages applied to the
differential amplifier is reduced to zero. The above ac-

~ tion maintalns the autput voltage constant, .

: i

4-2] Stage Q2 of the differential amplifier is con-
nected to a comman { + 5} potential through impedance
equalizirg resistor R6. Resistor(s) Z1B {and R2, for the
62128) are used to zero bias the Input stage, offsetting
minor base-to-emitter voltage differences In Q1 and Q2.
The base of Q1 is connected to a summing point at the
junction of the programming resistor and the current
pullout rusistor, R12, Instantaneous changes in output
voltage result in an Increase or decrease in the summing
point potential, Q1 is then made to conduct more or less,
fn accordance with the summing point voltage charge.
The resultant cutput error voltage is fad back to the series
regulator via OR-gate diode CR5 and the remaining com-
ponents of the feedback loop. Resistor R1, in serfes with
tha base of G1, limits the current through the program-
ming resistor during rapid voltage turn-down, Diodes CR1
and CA2forma limiting network which pre rent excassive
voltage excursions from over driving stage Q1. Capacitor
C1, shunting the programming resictors increases the
high frequency gain of the input umplifier,

4-22

4-23  Thils clrcuit is similar In appearance and epera-
tion to the constant voltage input circuit, It consists
basleally of the current programming resistors R11A and
B, and a differential. amplifier slage (@12, @13, and
assoclated components), !

Constant Current Input Ampllﬁer

4-24  The constant current input amplifier continuous- .
'y compares a fixed reference voltage with the voltage
drop across current sampling resistor R33. If a difference
exists, The differentinl amplifier produces an error voltage

‘which is proportiondt to this differance. The remaining

companents in the feedback loop iamplifiers and series
regulatos; functit.n to maintain the drop across the cur-
rent sampling resistor, and cansequently the output cur-
rent, at & constant value, R14 and R57 compensate for
ihe cuirent drawr by the meter when [n constant cur-
rent mode by drawing an equivalent amount of current
whan output is shorted for current setting thus assuring
proper current to load.

4-25  Stage Q13 is connected to a common [ +5) .
potential through Impedance equalizing resistor 43,
Resistor 21G is used to zero bias the jnput stage, offset-
ting minor base-to-emitter voltage differences in Q12 and
Q13. Instantaneous changes in output current on the
positive line are felt at the base of Q12. Stage Q12 varles
its conduction In accordance with the polarity of the
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change at the surﬁming point. The change in conduc-

“tion of Q12 also varies the conduction of Q13 dua to the

coupling effects of the common emitter resistor Z1H. The
error voltage [s taken from the collector of Q13 and fed
back to the series regulator through OR-gate diode CR6
and the remaining components of the feedback loop. The
errar voltage then varles the conduction of the regulator
50 that cutput current Is maintained at the proper level,

4.26 Capacltor C4, in conjunciion with 21K helps

stabilize the feedback loop. Diode CR20 limits voitage ex-

. cursions on the base of Q12.

4-27  Voltag~. Clamp Circuit

- 4-28 During constant cutrent operation the constant

vcltage programming resistors R10A and £ are a shunt
load across the output terminals of the power supply. If
the output voltage varies, the current through these
resistors would tend to change resulting in an output cur-
rent change. The clamp circuit Is a retun path for the
voltage programming current, the current that narmally

4-33  Reference Regulator Circuit

4-34  The reference regulator circult Is a separate
power supply similar to the maln supply, It provides stable
reference voltages which are used throughcut tha unit,

* The reference voltages are all derived from smoothed dc

flows through the programming resistors. The circuit ‘

maintains the currant info the base of Q1 constant, thus
eliminating the error due to shunting effects of the con-
stant voltage programming resistors.

4-29  The voltage divider, ZIE, ZIF, and VA2 back
biases CR3 and Q3 during constant valtage operation.
When thg power supply goes into constant current opera-
tion, CR3 becomes forward blased by the collector
voltage of Q1. This results In conduction of Q3 and the

* clamping of the summing polnt at a potential only slightly

mare negative than the normal constant voltage poten-
tial. Clamping this voltage at approximately the same
potential that exists in constant voltage operation, results
in a constant voltage across, and consequently a cons-
tant current through pullout resistor R12,

1

4-30 Driver and Error Amplifier

4-31 - The error and driver amplfiers amplify the error
signal from the constant voltage input circuit to a level
sufficient to drive the series regulator transistar. Amplifier
Q4 also receives a current limiting input if CRB, the cur-
rent limiting diode, becomes forward blased.

1

432  Stage Q4 contains a feedback equalizer natwork,
€3 and R17, which provides for high frequency roli off
in the loop gain in order to stabilize the feedback loop.

[

4-4

abtalned from the full wave rectifier {CR10 and CR11)
and filter capacitor C6. The -6.2 V and ~12.4 v
reference voltages are derived from VR1 v.nich fs a se-
cond de source regulating at 12.4 Vde, Current for VFR1
Is supplied by the { ~ ) side of C5 and flows through VR,
the base-emitter junction of Q7, R20, and Lack to the
positive side of C6.

4-35  The base-emitter junction of Q11 is held cons-
tant by 6.2 V zener diode VR7 which regulates line voltage
changes that alter the voltage across C6. Thus Qitisa
canstant current source ferding 7.6 V cener diode VR4,
4 V diode VRS, and 6.2 V temperature-compensated
zener diode VRC,

4-36  Resistors R30 and VRSB form a voltage divider
across the stable 12.4 volts duveloped by VR1, The base-
emitter junction,of Q9 is therefore held constant by the
voliage developed across VRS, Thus Q9 provides a con-
stant current to zener diode R3 which regulates the - 6,2
V courcs,

4-37
4-38  This circuit provides indication of output valtage
ot current. With METER SELECTION switch S2 sat to

V position, the meter is In series with R54, and R52 acrosy!
the output of the supply,

Mater Circuit

4-33  With METER SELECTION switch S2 set to mA
position, the meter is connected In series with R52 and
RS3 across current sampling resistor R33. CURRENT ADJ -
potentiometer RE2is adjusted for full scale deflection with
a full fead connected to the output terminals. Resistors
RS5, R14, and R57 are connected across the current
sampling resistor R33 when S2 Is set to V position. It
prevents the cutrent sampling resistor from indicating an
efroneous current by simuiating the meter circuit, which
Is connected ecrose the current sampling resistor in the
current mode.
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" mance check {Paragraph 5-8) should be made. This ctwx:
- I8 sultable for incoming Inspection, if & fault Is detegted

I

INTRODUCTION

Upon receipt of the power suppty, the pen’qr-
k

.l ,
! 5] iy

52

I the power supply while making the perfarmance check
or: during normal - operation, proceed to the
troubleshaoting procedures (Paragreph 6-67). After
troubleshoolin'g and repair {Paragraph 6-66), perfarm any
necessary adjustments énd calibratlons {Paragraph 5-67).
Before raturning the power supply to normal oparation,

" repeat the performance check to ensure that the fault has

oy _ Saction V
L MAINTENANCE

the top and bottom cavers,

¢.  Remove the rear cover by repeatinng step o,
d.  Pull the rear cover until it clears the tap and
bottom covers, Then lift off the top cover
and iift out the bottom cover.
56 . To replace the top and bottomn cover, proceed
" 85 follows:

8.  Place tha unit Into the bottom cover {identif-

ed by the four protiuding feet} and align the

© -heat sink Into the track in the bottom cover.
b,

been properly carrected.and that no other faults exist, Place the top cover over the unit and align
. the track over the heat sink,
5-3 COVEH REMOQVAL AND ¢, While holding the covers together at the
.REPLACEMENT rear of the unit, carefully push on the rear
d bort d panel, -
g:follovT.r: removel the top and bottom covers, proces , d.  Positlon the front panel so that the two slot-
. ' ted ears at the bottom 'of the panel align
8, Insert B small s¢re + iver in each of the with the printed wiring boards,
- four'notches at the trunt of the unit a the e,  Carefully push on the front panel,
top and bottom, Push the screwdriver under '
_the front panel and gently pry teward the 5-6 TEST EQUIPMENT REQUIRED
-front of the unit to release the holdng ' ‘ ‘
.+ mechanism. 5-7 Table 6-1 lists the test equipment required to per-
b,  Pull the frant panel forward until it’ cleurs . form the various procedures described In this Section,
* Table &-1, Test Equlpmeﬁt Required
| REQUIRED RECOMMENDED
TYPE CHARACTERISTICS (MIN} USE MODEL
Priecislon Sensitivity: TmV full scale {min.). Measure dc voltages; calibra- (HP) 3456
Vchmater_ Input impedance: 10 megohms (min.). | tlon procedures
Variable Range: 90-130 or 200-260 volts, Vary ac input
Voltage Equipped with voltmeter accurate
Transformer within 1 volt,
AC Volimater | Accuracy: 2%. Sensitivity: 1 mV' Measure ac voltages and (HP) 3400
‘full‘ scale deflection imin.). ripple :
Osci'lloscope' Sensitivity: 100 ,chm.:DifferemIal Display translent response {HP) 1800 pfus
, “ | input. waveforms 1801A and
‘ 1821A plug In's
Oscillator Range: 6 Hz to 600 Hz. Accuracy: Impedance checks :
’ 2%. Output: 10 v rms. P ehee HP) 200D
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Table 6-1, Tast Equipment Requlred {Cantinued), .

" REQUIRED

1

N o RECOMMENDED
~TYPE .- CHARACTERISTICS {MIN) USE - MODEL
‘DC Voltmeter Accuracy: 1%, input resistance; 20,000 § Measure dc voltages {HP) 3456
S .| ohms/Volt (min,), : , o
- 3466

Rate: 60-400 Hz, 2 usec rise and fall
time, '

Aepatitive
Load Switch |

Maasure transient response See Figure 5-7.

!

Fizslstive _
Loads - .

Values: See Paragraphs 6-16 and 6-47.

Power supply load resistors

Current Sam-

See R33 In Pants List {Section VI).
pling Resistor '

Measure current; calibrate
meter

[Ty

Ré;istot 1 K0 11%. 10 Watt. Measure Impedance
Ca;;acitor.; 500 uF, BO W Vdec, Measure Impedance seee
AL : : .
] . ) T . )
5-8 < PERFORMANCE TEST " to connect the meesuring device at A will result in a

f 3 The following test can be used as an Incoming
inspaction check and appropriate portions of the test can
be repeated either to check the operatian of the instru-
ment after repalrs or for periodic maintainence tests. The

tests pre performed using normal single phase Input.

power source, if the correct result Is not obtained for a
particular check, do not djust any controls; proceed to
troubleshooting {Paragraph 5-67).

5-10 Constant Voltage Tests

5-11 The measuring device must ba connacted as
close to the output terminals as possible when measur-
ing the output impedance, transient response, regulation,
or ripple of the power supply in order to achieve valid
measurements. A measurement made across the load In-
cludes the impedance of the leads to the load and such
lead lengths can easlly have an Impedance several orders
of magnitude greater than than the supply impedance,
thus invalidating the measurement.

5-12 . The monitoring device should be connected as
shown in Figure 5-1, Note that the monitoring leads are
connected at A, not B, as shawn in Figure 6-1. Failure

i
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measurement titat includes the resistance of the leads bet-
ween the output terminals and the point of connection,
When measuring the constant voltage performance
specifications, the current controls should be set well
above the maximum output current which the supply will

- draw, since the onset of constant curent action will cause

a drop In output voltage, Increased ripple, and other per-
formance changes not properly ascribed to tha constant
voltage oparation of the supply,

)
CUTPUT TERMINAL

: i
LOAD I.Ew% 1

MONITOR HERL

Figure 6-1, Front Panel Terminal Connactions.



5-13 © Rated OQutput and Meter 3 ,
- Accuracy. 1 ]| ; v
6-14 Voltage. To check the outputvo!mgé proceed
es follows: S, ’.} B

a. . Connect load resistor (R}, Indicated in

~ Figura 6-2, across the oulput terminals of
supply.

b.  Connect voltmeter accross {+) and { ~) ter-
minals of supply ohserving correct polarity,

¢, Set METER SELECTION switch to VOLTS
and turn on supply.

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

- output voltage
e.  Voltmster should indicate maximum rated

" output voltage within 4%,

POWER SUPPLY
UNDER TEST

/Y
 sed]
Z/T

4 RL

MODEL NO. R

IX0, 10w, 25%

830, OW, 5%
280N, IOW, 18%

PRECISION
VOLTMETER

/

Figure 6-2. CV Load Regulation, Test Setup.

§-16  Load Regulation. ,

Definition: The change EqyTin the static value of d¢
output voltags resulting from a change in load resistance
from open circuit to a value which yeilds maximum rated
output current {or vice versa),

6-16  To chack the constant voltage load regulation,
proc:_eed as follows:

8.  Connect test setup as shown in Figure 5-3.
b. = Set METER SELECTIOON switch to mA
position,
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€. Turn on supply and adjust VOLTAGE con-
trals untif front panel meter indicates max-
imum rated output current,

d.  Read and record voltage indicated an

voltmeter,
e.  Discannect load reslstor,
f. Reading on voltmeter should not vary from
reading recorded in step d by more than
Bm\l_dc.
6-17 Line Regulation.

Definition: The change, EQuT, in the static value
of de¢ output voltage resulting from a change [n ac input
voltage over the specified range from low line { — 10%)
to high line {+ 10%), or from high line to low line.
6-18  Totest the line regulation, proceed as follows:
8.  Connact variable auto transformer between

input power source and powar supply power
input,
b.  Connect test setup shown in Figure b-2,

' €. Adjust variable auto transformer for low line
ac input.
. d.,  Set METER SELECTION switch to VOLTS
position.
& Turn on supplv and adjust VOLTAGE con-

trofs until frant penel meter indicates exactly
* the maximum rated output voltage.
k. Read and record voltage Indicated on
voltmaeter,
g Adjust variable auto transformer for high
VAC input. ‘
Reading on voltmeter should not vary from
reading recorded in step f by more then 4
mVde,
6-19  Ripple and Noise.

Definltion: The residual AC voltage which is superim-
posed on the DC output of a regulated power supsly.
Ripple end nolse may be specified and measured in terms
of its RMS or (preferably) peak‘-to-peak velue.

Ripple and nalse measurement can be made at any in-
put AC fine “soltage combined with any DC output voltage
and load current within rating.

5-20  The amount of ripple and noise that is present
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 particularly important for applica-
tions where nolse spikes could be detrimental to a sen-
sitive luad, such as logic circuitry. The RMS measure-
ment s not an ideal representation of tha nolse, since
fairly +igh output noise spikes of short duration ¢ould be
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6-21 ' The technique used to measure high frequency

. noise o "smkes" on the output of a power supply.is more
v .;' cxitical than the low frequency ripple and noise measure-
! ¥ mem “technique; therefore the former s dfscussed

A ‘separataly in Paragraph 5-29,

5-22 Ripple end Nolse Measutement; Figure 5-3
shows an incorrect mathnd of measuring p-p ripple. Ncte
that & 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 terminal of the power supply and the ver-
tical 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; baiween the two grounc
points causes an iR drop which Is in series with the scope
Input. This IR drop, normally having a 60 Hz line frequen-
¢y fundamental, plus any pickup on the unshielded leads
interconnecting the power supply and scope, appears on
the face ofthe CRT. The magnitude of this resulting nolse
signal can easily be much greater than the true ripple
daveloped betwee the plus and minus output terminals
of the power supply, and can comp!ately invalidate the

o measurement.

523
can exist if an RMS voltmeter is substituted in place of
the oscilloscope in Figure 5-3. Howevar, the oscllloscopa
display, unlike the true RMS maeter reading, tells the
observer immediately whether the fundamental period of
the signal displayed is 8.3 milliseconds (1/120 Hz) or 16,
7 milliseconds {1/60 Hz), Since the fundamental ripple

wThe same ground current and plckup problems

frequency present on the output of an HP supply Is 120

Hz {due to full-wave rectification), an oscilloscope display
showing a 120 Hz fundamental companent s indicative
of a “clean” measurement setup, while the presence of
; a 60 Hz fundamental usually means that an improved

+ ! setup will result in a more accurate (and lower) value of

measure ripple,

5-24 Figure 6-3 shaws a coirect method of measur-
ing the cutput ripple of a constant voltage power supply

. using a single-ended scope, The ground loop path is

broken by floating the powsr supply. Note that to en-
sure that no potential difference exists between the supply
and the oscilloscepe it Is recommended that whenaver
possible they both be plugged into the same ac power
buss. If the grounds must be at earth ground potential.

525  Either a twisted pair or {preferably) a shielded
two-wire cable should be used to connect the output ter-
minals of the power supply 1o the veritical input terminals
of the scope. When using a twisted pair, care must be
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"

taken that one of the two wires s connected to the
grounded Input terminal of the oscilloscope. When us-

. Ing shielded two-wire, it is essentlal for the shield to be

connezted to ground at one end only so that no ground
current will flow through this shield, thus inducing a noise
signal in the shielded leads,
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|
|
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+ INPUT
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CYCLE CROP )4 NEGATIVE LEAD WHICH 4008 TO THE POWER
SUPPLY WIPPLE DISPLAYED ON 3COPE.

POWER SUPPLY CASE

OSCILLOSCOPE CASE

+
PRI - vERTIo,
L & BrEax. + T
N0 :
PATH

B. A CORRECT METHOD USING A SINGLE - ENDED SCOPL.
ouTAN

FLOATED TO BREAX GROUND CURRENT LDO& TwISTLO
PAIR REDUCES STRAY PICKUP ON SCOPE LEA

POWER SUPPLY CASE
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a:c& AL E_,: fcc
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C. A COMRECT METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INPUT GROUND CUNRENT PATH 13 BROKEN, COMMON
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OIFFERENCE IN GROUND POTENTIAL OF POWER SUPPLY B
SCOPE; SHIELOED TWO WIAE FURTHER REDUCES STRAY
PICK-UP ON 8COPE LEADS.

Figure 5-3. Ripple and Noise, Test Setup

b-26 To verify that the oscilloscope is not displaying
ripple that is induced in the leads or picked up from the
groungs, the {+} scope lead should be shorted to the

{ - } scope lead at the power supply terminals, The rip- _

ple value obtained when the leads are shorted should be
subtracted from the actual ripple measurement,

5-27 In most cases, the single-ended scope method
of Figure 5-3 will be adequate to eliminate non-real com-
ponents of ripple and noise so that a satisfactory measure-
ment may be obtained. Howevar, in mare stubborn cases
it may be necessary to use a differential scope with
fioating Input as shawn in Figure 5-3C. if desired, two
single conductor shielded cables may be substituted in



‘place of the shivided two-wire cable ‘with equal success,
‘Because of its common mode rejection, a differential
oscilloscope displays only the diffarence In signal between
its two vertical input terminals, thus ignoring the efiects
of any comman mode signal introduced becsuse of the
difference In the AC potential hetween the power supp-
Iy case and scope case, Befors using a differential input
_scope In this manner, however, it Is imperative that the
common mode rejection capabllity of the scope be
veritied by shorting together its two Input leads at the
power supply and observing the trace on the CRT. If this

common made signal present, If this trace s not a straight
; ’ line, then the scope Is not rejecting the ground signal and
must be realigned in accordance with tha manufacturer's
instructions until proper common made rejection |s
‘attained, !

528  To check the ripple and nolse output, proceed
as follows: '

- 8. Connect the oscilloscope or RMS voltmeter
as shown in Figures 5-3B or 56-3C.

b.  Adjust VOLTAGE control untit front panal
meter [ndicates the maximum rated output
voltage. s ‘

¢.  The observed ripple and nalse should be

. .'”'n., less than 200 xVrms and 1 mV p-p.

h

5-29 Noise Splke Measurement. When a high fre-
{ 'quency spike measurement is being made, an instrument
] - of sufficient bandwidth must be used! an oscilloscope
with asbandwidth of 20 MHz or more Is adequata,
Measuring nolse with an instrument that has insuificlent
bandwidth may conceal high frequency spikes detrimental
to the load.

. 530 The test setups illustrated in Figures 5-3A and
5-3B are generally not aceptable for measuring spikes:
" a differential oscilloscope Is necessary. Furthermore, the
measurement concept of Figure B-3C must be modified

if accurate spike measurement Is to be achieved:

a.  As shown in Figure 5-4, two coax cables,
must be substituted for the shielded two-
wire cable,

b.  Impedance ma:ching resistors must be in-
cluded to eliminate standing waves and
cable ringing, and the capacitors must be
connected to block the DC current path.

€. The length of the test leads outside the

coax Is critical and must be kept as short as

possible; the blocking capacitor and the im-

pediince matching resistor should be can-

| nected directly from the inner conductor of

the cable to the power supply terminals.

Notice that the shields o! the power supply

d.
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trace Is a straight line, the scope is properly Ignoring any
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end of the two coax cables are not can-

» nected to the power supply ground, since
such a connection would givo rise to a
ground cuirent path through the coax

“shigld, resulting In an erroneous

' ' measurement,
The measured nalse spike values must be
doubled since the impedance matching
resistors constitute a 2-to-1 attenuator.
f. The noise splkes observed on the
oscilloscope should b less than 0.5 mV p-p.

: W00
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POWER SUPPLY . OSCILLOSCOPE
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& "
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. -oH | p-
: son ~L W

\
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! T-COMNECTOR
! 300
TEAMINATION

Figure 6-4. CV Nolse Spike Test Setup

5-3t The clrcuit of Figure 5-4 zan also be used for
the normal measurement of low freqyency ripple and
noisa; simply remove the ,our terminating resistors and
the blocking capacitors and substitute a higher gain ver-
tical plug-in In place of the wideband plug-in required for
spike measurements. Notice that with these changes,
Figure 5-4 becomes a two-cable version of Figure 5-3C.
5-32  Transient Racover Timae.

Detinition: The time X" for output voltage recovery
to within “Y" millivalts of the nominal output voltage
following a 2" amp step change in load current ~ where:
"Y' Is specified separately for each modal but s generally
of the same order es the load regulation specification,
The nominal output voltage is defined as the DC level
half way between the static output voltage before and
after the imposed load change, and "2 Is the specified
load current change, normally equal to the full load cur-
rent rating of the supply.

533 Transient recovery time may be measured at any
input line voltage combined with any output voltage and
load current within rating.

5-34 Reasonable care must be taken in switching the
load resistance on and off. A hand-operated switch in-
series with the load is not adequeate, since the resulting



one-shot displays are difficult to observe on most
oscilloscopes, and the arc energy occurring during swit-
ching action completely macks the display with a nose
burst, Transistor load swilching devices are expensive If
teasonably rapld load current changes are to be achleved,
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+ RATINGS QF LOAD $WITCH
ARE 3 AMPS, !OOV.ESOi .
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REPETITIVE
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Figure 6-6. Transient Recovery Time, Test Setup -

5-35
load switching circuit of Figure 5-5 sko.ld be used for

loading and unloading the supply. When the load switch

is connected to a 60 Hz AC input, the mercury-wetted
relay will open and close 60 times per second. Adjust-

ment ¢f the 25 k control permits adjustment of the duty

cycle of the load current switching and reduction in jit-

ter of the oscllloscope display.

5-36  The maximum load ratings listed in Figure 5-5
must be obsarved in order to presarve the mercury-wetted
retay contacts, Switching of larger load currents can be
accomplished with mercury pool relays; with this techni-
que fast rise times can still be obtained, but the large in-
ertia of mercury pool relays lirnits the maximum repeti-
tion rate of load switching and makes the clear display
of the transient recovery characteristic on an os¢llloscope
more difficult.

B-27  To check the transient recovery time, proceed
as follows:

' a. _ Connect test setup shown in Figure 5-5.
b. Set METER SELECTION switch to mA.

www.valuetronics.com -

A mercury-wetted relay, »3 connected ip the

¢, Turn on supply and adjust voitage contrals

" until front panel meter indicates exactly the
maximum rated output current.

d.  Close the line switch on the repatitive load

switch setup.

e.  Set the oscilloscope for internal syn¢ and
lock on either the positive or negative ioad
transient spike,

f. ' Set the vertical Input of the :illascope for

" ac coupling 50 that small dc level changes

in the output voltage of the power supply

will not cause the display to shift,

Adjust the vertical centering on the scope

so that the tsil ends of the no load and full

load waveforms are symetrically displaced
abaut the horizontal center line of the
oscilloscopn. This center line now represents
the nominal output vollage define in the
specification,

h.  Adijust the horizontal positioning control 50
that the trace starts ot a point coincident
with a major graticrile division, This point (s
then representative of time zero,

i Increase the sweep rate so that a single

' transient spike can be examined In detail.

J. Adjust the sync controls separately for the
positive and negative goiny transients so
that not only the recovery waveshape but
also as much as possible of the rise time of
the transient is displayed.

k.  Starting from the major graticule division

" representative of time zero, count to the
right 50 usec and vertically 15 mV. Racovery
should be within these tolarances as il-
lustrated in Figure 5-6.

SMY

4

T

LOADING TRANSIENT

50u
SECONDS

30u
SECONDS

13y

UNLOADING TRAMSIENT

Figure 5-6. Transient Recovery Time, Waveforms,

5-38 Output Stability

Definition: The change in output voltage for the first
eight hours following a 30 minute warm-up period. Dur-

56




ing the interval of measurement all parameters, such as
load resistance, ambient temperalure, and input line
voitage are held constant.

539 This measurement [s made by monitoring the
output of the povier supply on a diffnrential volimeter
or digital voltmater over the stated masurement inter-
val; strip chart recorder can be used to provide a perma-
nent -ecord. A thermometer should ba placed near the

“supply to verify that the ambient tamperature remains
constant during the perlad o! measurement, The supply
should be put in a location immune from stray alr cus-
rents {open doors or windows, air conditioning vents';
if possible, the supply should be placed [n an over winch
is held at @ constant temperature. Care must be taken
that the measuring instrument has a stability over the
eight hour interval which is at least an order of magnitude
batter than the stability specification of the power supp-
Iy being measured, Typically, a supply may drift less over
the eight hour measurement [nterval than during the 1/2
hour warm-up period. . ' }
5-40

‘frliows:

To check the output stability, proceed as

a.  Connect the load resistance and differential
voltmeter as illustrated in Figure 5-2,

b.  Adjust front panel VOLTAGE controls until
the differential voltmeter indicates the

following:
62128 v,
62148 1oV ’
62168 . 25 v
62168 50 v

¢.  Allow 30 minutes warm-up then record the
. differential voltmeter s
d.  After 8 hours, differential voltmeter should
change from indication recorded in step ¢
by less then the following:

62128

105 mv
62148 15 mV
62168 30 mV
62188 55 mvV
5-41 Constant Current Tests
5-42 ' For output current measurements, the current

sampling resistor must be treated as a four terminal
device. In the manner of a meter shunt, the load curent
is fed to the extremes of the wire leading to the resistor
while the sampling terminals are located as close as possi-
ble to the resistance portion itself {see Figure 5-7).

Generally, any current sampling resistor should be of the
low nolse, low temperature coefficient (less than 30
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ppm/ °C) type and should be used at no mare than 6
of its rated power so that its temperature risa wilt

minimized. The latter, reduces resistance changes dur

to thermsl {luctuations. It is recommended that fo
resistor Rg the user obtain a duplicate of the sampling
resistance {R33) that is used In this unit for constant cur-
rent checks, For these tests, then, Ry [s the difference
between full-load resistance and current sampling resistor

Rs.

CURRENT SAMPLING
TERM'NALS

EXTERNAL
Laad

TO GROUNDED
TERMINAL OF
POWER 3UPSLY

7O UNGAOUNDED
TERMINAL OF
POWER SUPPLY

TAMPLING
NESISTOR
LOAD
TERMINALS

———

Figure 6-7.: Currant ‘;'a'ampling‘ Resistor Connectlons.

b

6-43  Rated Output end Meter Accuracy

a. Connect tes? setup shown in Figure 5-8.

b. Set METER SELECTION switch to mA
position.

c.  Turn CURRENT controls fully clockwise.

Turrr on supply and adjust VOLTAGE con-

trols until front panel meter indicates max-

imum rated output current. i

e.  Voltmeter should read:

6212B-1.00V t 0.04 V'
6214B-1.00 V £ 0.03 \*

6216B-1.15V + 0.035 V
6218B-1.20V £ 036 V ,

MODEL KO, N Ry
2128 9900, 1OW, 5% | 10
m &“".3"'1”‘ in
R Sup Q. 10W, 5% n
FOnEER TearT iy 2430 10w's3% | &n
- r
o0 o
LOAD PRECISION
RESISTOR VOL TMETER
CURRENT el 4
SAMPLING L
RESISTOR

" REFER TO R3S IN PARTS LIST (SECTION TN

Figure 6-8. Constant Current, Test Setup




544 ' ‘Load Regulation:
» . R o o _‘ i :

" Definition: The change, IouT in the stetic value of
the dc output current resulting from a changa in, load
resistance from short circuit to a valt.e which yeilds max-
imum rated output voltage ‘

5:4%, . To check the constant current loav, regulation,
procesd as follows: ‘ )

+  Connect test setup shown In Figure 5-8.

~ Tum VOLTAGE controils) fully clockwise.
Set METER switch to mA.

Adjust CURRENT control untit frent panel
meter reads exactly the maximum rated out-
put current.

flead and record voltage indicated on
voltmeter.

Short out load resistor (Ry).

‘Reading on differential voltmeter should not
vary from reading recorded in step e by
more than the, following

6212B 62148 62168 62188
"50 .06 15 3

Model No.
Variation {mVdc)

5-46

r

Definition:The change, lQuT in the static value of
dc output current resulting from a change in ac input

Line .B‘eg.ulatl.dn.

voltage over the specified range from low line {usually

103 Volts) to high line (usually 127 Valts), or from high

lina to low line.

§-47  Tocheck the line regulation proceed as follows:

Utilize test setup shown In Figure 5-8.

Connect varlable auto transformer between

input power source and power supply power

input.

Adjust auto wransformer for 103 Vac Input.

Turn VOLTAGE controlis) fully clockwise,

Set METER switch to mA,

Adjust CURRENT controls until front panel

meter reads exactly the maximum rated out-

put current,

Read and reccord voltage lndlcated on

voltmeter. i

Adjust varrahle auto transformer for 127 Vac

input. }

I Reading on voltmeter should jfot vary from
reading recorded in step g by more than the
following:

a.
b.

~e a0

3

62128 6214B 6216B 62188
BO 075 15 30

[ )

E Model No.
Vatiation (mVdc)
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5-48  Ripple end Nolsy

Definition:The residual a¢ current which s superim:
posed on the dc output currant of a regulated supply.
Ripple and noise may be specified and measured in terms
of Its RMS or (praferably) peak-to-peak value.

549  Most of the instructions pertairing to the ground
loop and pickup problems assoclated with constant
vaoltage ripple and noise measurement also apply 1o the
measurernent of constant current ripple and nolse, Figure

.69 {llustrates the most important precuutions to be

observed whan measuring the ripple and nolse of a con-
stant current supply. The presence of a 120 cycle
waveform on the oscilloscope is normally indicative of
a correct measurement method. A waveshape having 60
Hz as its fundamental component is typically assoclated
with an incorrect measurement setup,

6.:60 Ripple and Noise Measurement, To check
the peak-to-peak ripple and noise, proceed as follows:

N t
Connact the oscllloscope as shown in

a.
Figures 5-9B or 5-9C,

b. Rotate the VOLTAGE contral fully cw.

c.  Set METER switch to mA and turn on
supply.

d.  Adjust CURRENT control until front panel
meter reacs exactly the maximum rated out-
put-current.

2.  The peak-to-peak rlpple and nolse Indication
should be less than:

62128 62148 62168 62188

5.0 mv 0.5 mVv. 1.6 mv 3.0mv

651 TROUBLESHOOTING
552  Before attempting to trouhlashoot this instru-

ment, ensure that tha fault Is with the ‘nstrument and
not with an associated circuit, The periormance test
{Paragraph 6-8) enables this to be determined without
having to remove! 1he instrument from the cabinet,

. NOTE

The normal voltages shown on the

. schematic diagram at the rear of the
manual are positioned adjacent ot the ap-
plicable test point {identified by encircl-
ed numbers on the component location
diagram and schematic diagram, Figures
7-1 and 7-2),

5-8
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Fig'ure 5-9. CC Ripple and Noise Test Setup

583 A good understanding of the principles of opera-
tion Is @ helpful aid in troubleshcoting, and it is recom-
mended that the read review Section IV of the manual
before attempting to troubleshoot the unit n detail. Once
the principles of operation are understoad, refer to the
overall troubleshooting procedures in Paragraph 5-56 to
locate the symptom and probable cause.

5-54: Once the defective component has been located

* by means of visual inspection or trouble analysis) replace

it and reconduct the performance test. If a component
is replaced, refer to the repair and replacement ana ad-
justment and calibration paragraphs in this section.

5-55  OQverall Troubleshooting
Procedure

666  To locate the cause of trouble follow steps 1,

+ 2, and 3 In sequence,

1

1. Check for abvious troubles such as open
fuse, defective power cord, input power
failure, or defective voltage or current
meter. Next remove the top and bottom
‘covers, as described in Paragrpah 5-3, and
Inspect for opan connections, charred com.
ponents, etc. If the trouble source eannot
be detected by visual inspection, proceed
with step 2, ) |

2. In almost all cases, the trouble can be cdus-
‘ed by the dc bias or reference voltages:
thus, it Is a good practice to check voltages
in Table 5-2 before proceeding with step 3.

3. Examine Table 6-3 to determine your symp-
tom, then check the prohable cause,

657  Regulating Loop Troubles. If the voltages [n
Table 6-2 have been checked to eliminate the reference,
blas and rectifier circuits as a source of trouble the
malfunction is caused by the voltage regulating loop. It
any component in a feedback loop Is defective,
measurements made anywhere in the loop may appear
abnormal. Under these circumstances it |s very difficult
to separate cause from effect with the loop closed. As
described in Tables 6-4 and 5-6, the loop is effectively
opened by checking the conduction and cutoff capabili-
ty of each stage as follows:

1. Shorting the emitter to collector of 8 lran-
sistor simulates saturation, or the full ON
condition,

2. Shorting the emitter to base or opening the
_collector lead of a transistor cuts jt off, and
simulates an open circuit between emitter
and collector.

358  For low or high output voltage perform the in-
structions In Tables 6-4, or 5-5, respectively. Although
a logical first choice might be to start near the loop mid-
point, and then perform successive subdividing test, ft

s more useful to trace the locp from the series regulator

backwards a stage at a time, since loop failures occur

more often at the higher power levels. ,

59
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-Table B-2,

LR I KT

i

Reference, Blas, and Filtered DC Troubleshooting

- METER METER NORMAL NORMAL - PROBABLE .
COMMON POSITIVE vDC RIPPLE {P-P) CAUSE
c5{-) C5{+) +40 & 48V 2y T%,C10,CR10,CR11,C5
+S 7 +1156 £'08V 0.5 mV' VR4, VRS, VR6, Q11, R25
+5- B +62 £ 03V 0.2 mv VRE, R25
9 . +S +62 03V 0.1 mv' VR3, VRS, 9, R30
1. +S +124 £ 0.6V 4B mV " VR1, VRY, R30, R20(6212)
_—6UT 6 160 +15.0 V {6212B) 500 mv 62128 CR15-CR18, C9,
‘ ‘ : ‘ ; R32, T, C1
¢+ 19 + 2,2V (6214B) 800 mV 6214B CR16-CR18, C9,
R32, T1, C11
44 + 4.6V (6216B) 400 mv 62168 CR15, CR16,'C3,
. Ci1, C12, R32, Ti
78 + 7.8V (62188) 500 mv 62188 CR15, CR186, C9,
: C11, C12, R32, T
)
Table 5-3, Overall Troublashaoting
SYMPT O.M PROBABLE CAUSE SYMPTOM PROBABLE CAUSE
Lw Output Ensur; that the front panel
. Cr:No Qut- meter Is not defective, then
put Voltage refer to paragraph 5-58. Inability To a. Output voltage control RT0
- Reach QV defective,
. 1 mV Qutput b. Amplifier G1, QZ defective.
High Out- Ensure that the front panel
put Voltage maeter is not defective, then
' refer 1o paragraph 5-58. Oscillates C3, R17 detactive
c Stow Drift a. Measuring equipment
o ‘ b. Reference diode VHE
\ * Never set the output voltage controls to zero ‘ c. Q1 or Q2
voits when there Is high or low output voltage; d. Insufficient warm-up time
-damage to the voltage controls could result. {should be 30 minutes).

www.valuetronics.com
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- ' Table 6-3. Overall Troubleshooting (Continuad} '

[ “‘:,
. S

N : R YE S
. SYMPTOM PROBABLE CAUSE . | SYMPTOM ' PROBABLE CAUSE |
. . : I
S ~ I
. High Ripple 8. Check operating setup for Poor Stabllity | &. - Check.~8.2 Vdc raierence E
ground laops. ’ {Constant " voltage (Table 5-2), *
b, If output floating, connect Oirrent} J b. noisy programming resistor i
1 puf capacitor between 1 R11, ;
output and ground, c, CR20, CR14, C14 leaky. '
. c. Check for excessiva inter- d. Check R42, R48, and R33
nal ripple; refer to (Table for noise or drift. ‘
5-2). g. Stage Q12/Q13 defective. '
d. Ensure that supply is not .
2 'in constant current mode . |
under loaded conditions, Poor Stablity| a, Check +6.2 Vdc reference ‘
. @, Check that the test point {Constant . voltage {Table 5-2). ‘
(16) is approx. 0.6 V., If Voltage} b. Nolsy programming resistor |
vaitage is between 0 and F10. .
+3 V, supply Is In cons- ¢. CR1, CR2 lesky. :
tant curent operation or d. Check R1, R12, and C1 for
constant current Input nolse or drift.
amplifier is defective. ' e. Stage Q1/Q2 defective.
]
“Poor Tran- ' R17, C3 delective ;
sient Re- ' Recovery Time Poor Load a. Improper measuring tech-
covery Time o Regulation _ nigue; refer to paragraph i
B-43. i
Poor Line ~ a. lmproper measuring tech- "~ 1 {Constant h: Check reference circuit voit-
Regulation niqus; vefer to paragraph . 1 Current) ages (Taeble b-2). ‘
{Constant 5-11. . - ‘ c. C14 end CR14 leaky. ;'
Voltage} b. Check reference circuit ‘ ’ d. Check clamp circuit Q3, :
: ' voltages, {Table 5-2), CR3, CR4, and VR2.
' ’ 8. Ensure that supply [s not ;
crossing over intc constant
- Poor Load a. Improper measuring tech- " voltage operation. To prevent
Reyulation - nique; refer to paragraph : this condition, load the supp-
(Constant . Bt ly and turn the VOLTAGE
Voltage) b. Check refarence circuit control fully clockwise,
' voltage {Table 5-2). : T '
Poor load c. Ensure that supply Is not In ,
Regulation constant current operation
{Constant under loaded conditions. To
Voltage) prevent this condition, en-
{Cont'd) sure that output current does
not axceed maximum rated
output and that the current -
controls are fully clockwise.

5-11
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o “Tablo 54, Low ',Oulpu_t Voltage 1‘}oublesi‘|ootln

f

K
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! STEP ACTION" | I RESPONSE '* PROBABLE CAiJSE
1 Tum the VOLTAGE control fully " | |
clockwise and disconnect the load : ‘
2 To eliminate the constant current * | . Output increases “8." CRS ¢r constant cur-
circuit as o cause of the malfunc- | | - rentamplifier defective
tion, remove CRE cathode or anode |  b. Output remains low b Recannect CR6 and
) . léad ' ‘ procend to Step 3
A3“ ‘ Chéck conduction of Q7 hy short- a,, Qutput ra_rnqlﬁs low | a: @7, CR? or associated
ing Q5 emitter to collector, ‘ ‘ _ parts defective,
b. Qutput Increases b. Remove jumper and
. proceed to Step 5.
4 - Check conduction of Q5 by short- a, Qutput }emalns low a. (@5, CR13, R19, R23
' ' ing Q4 emitter to coilector b. Qutput ingreases b, Remove jumper and -
= ' ; : proceed to Step'b.
f
5 Check conduction of Q4 by shart- ! 'Ou(put remains low 8. Stage Q4 defective
ing Q1 emitter to collector b. OQutput increases b. Stsge Q1/Q2 defective,
S o . Check R10, C1 for
short and R12 for
open.
L
Table 6-6. High Qutput Voltage Troubleshooting
STEP ACTION . RESPONSE PROBABLE CAUSE
1 Turn the VOLTAGE control to ap-
proximately mid-range and discon- i
nect the load. If the output voltage ‘
should rise to an excessive vslue
during the folloviing procedures,
the VOLTAGE control could be
damaged if it is turned full CCW, '
2 Check turnoff of Q7 by discannec- a. Output remains high a, @7, CR7 or associated
ting Q5 emitter lead - paris defective.
b‘. Qutput decreases -'b.  Replace Q5 and pro-
ceed to Step 3,
3 . Check turnoft.of Q5 by removing a.  Qutput remains high a. Stage Q5 defective
Q4 collector fead b. Output decreases b. Replace Q4 collector
lead and praceed to
Step 4. ‘
5-12




{ Table 5-5. High Output Voltage Troubleshooting {¢ontinued)}

; .

'

! : ‘ J

f STEP " AGCTION RESPONSE PROBABLE CAUSE

! 4 Check turnoff of Q4 by removing a. Qutput remains high a. Stfige Q4 defectiva

: Q1 collector lead bh. Output decreases b. Raplace Q1 collector ;
i lead and procoed to '
3 . Step6. L

: B Remove CR3 anode or cathode a. Qutput decreases a.. ;"vohage clamp circuit 'ts o
! : f : - defective

b, Qutput remains high b. Reconnect CR3 and |
: ~ procaed to Step 6. '
3 | Connect a jumper batween (-} a, Qutput remains high : S!ade Q1/Q2 defectivé ]
g - out and test noint {1) b. Qutpur derreases :k. Remove short and

! ‘ : B ' ©+ check R10 for open '

o and R12 for shan

i H N )’

; Table 5-6. Selected Semiconductor. Charactariszlics . o

P —

i REFERENCE , ) HP PART | SUGGESTED.
DESIGNATOR CHARACTERISTICS HO. PEPI.ACEMENT

} az Power NPN Silicon hie =35 min. 1864-0225 2N3085 R.C.A. b
: @Ic=4AVCE=4V !

' | 5-59 FfEPAIH AND REPLACEMENT awl) mto the small hole at top of round

560  Before servicing a printed wiring board, refer to
* . Figure 5-10. Section V! of this manual contains a tabular
! list o} the [nstrument’s replaceable parts, Bef:e replac-
: irig a semiconductar device, refer to Table 5-6 which lists
the speclal characteristics of selected semiconductors.
if the device to be replaced is not listed in Table 5-6, the
standard manufacturers’ part number listed in Section
Vi is applicable, ‘

: 5»61 ADJUSTMENT AND
; - CALIBRATION
: 562 Ad;uszment and calibration may be requnred after

performance testing, troubleshooting, or repair and
replacement. Perform only those adjustments that affect
the operation of the faulty circuit and no others.

' 563  Maeter Mechanical Zero

5-64 Proceed as follows to zero meler:

a.  Turn off instrument (after it has reached
! normal operating temperature) and zilow 30
- seconds for all capacitors to discharge.
b.  Insert sharp pointed chject {pen paint or

4?‘-.\-:-:.. - e

i v
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513

565

black, pl?stlc disc located directly be'ow L

~ meter face. ’ e
‘c.  PRotate plastic disc clockwise {cwl untif |,
meter reads zero, then rotaie cow slightly in
_ order to free adjustment screw from meter
suspensnon If point moves, repeat 5t¢ps b
and c.

Meter Calibration

5-66 To calibrate the. ammeier, proceed as follows:
a.  Connect tast satup shown on figure 5-8.
b.  Set CURRENT control fully clockwise
c.  Set METER SELECTION switch to mA.
d.  Turn on supply and adjust VOLTAGE ron

- trols so that differential voltmeter mdzcates
" exactly as follows:

- 6212B 1.00V
62148 1.00V

115 V!
120V

L H
e, Adjust R52 until front panel ammeter in-
dicates: 6212B, 100 mA; 62148, 1 A; 62163
400 mA; 6218 B, 200 mA.

62168
62188




. e ;“..‘f .
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“low power solderingiron (50 watts maximum) and foliowing these Instructions. Copper that lifts
", off the board should be cemented in placo with a quick drying acetate baoe cemcnt havlng good
electrlca.l lnsulatlng propertleo.

‘;i.fA break ‘{a the copper ohould be repaired by aoldering a ahort length of tinned copper wlre
. mcroes the break

- “ayetet, apply heat to conductor side of board,

- 3. Bond clean tinned lead on new part and A’ "'and solder leads,

: E f. through eyelats or
S holea in board. '

Excouive hent or pressure can un the copper strlp from the board, Avoid damage by using a

%

- Use only hlgh quallty roain core solder when ropalrmg etched circuit boards, NEVER USE

,-f‘; PASTE FLUX. After soldering, clean off any exceas flux and coat the repaired nrea thha
o hlgh quzmy olectrlcal varnish or lacquer,

W N replacing componantswith multiple mounting pins suchastube sockets, ele -trolytlc capa-

tcitors, and potentiometers, it will be necessary to lift each pin slightly, working around the
) ,' compononts several umos untll it 18 free.

N WARNING'Kthe opeoi.ﬂc {1structions outlined in the steps below regarding etched circultboards
y r wlthout eyolets are not followed, extensive damage to the etched circuit board will result,

: 1. ; Apply heat aparingly to lead of component 2. Reheat solder Invacant eyeletand quickly

. tobe replaced. Iflead of component passes insert a small awlto cleaninside of hole,

through an eyelet - ‘If hole dves
in the circuit | not have an CONDUCTOR
‘iboard, apply: eyelat, in- - Slok
;- heat on'com-~- gexrt awl or
pdoent gide a #57 drill
P It - § hoard. i d | from con-
A - lead: of ‘com- ductor side '
o I pouent does | of board. \
. not pags. Through an :

;4 Holdpartagalnst board (aVold overheatlng)

N -.J
I

- carefully fnsert  — Apply heat to compo-
, | nent leads on correct
i side of board -
‘| as explained ‘ o
: lnstepl.' g~

[

In thy event that eltherthe circult board has been damaged orthe conventional mathodis 1mprac-
-ltical use method shown below. Thisls ospecially applicnblefor circult boards without eyelets.

1, Clip lead a8 shown bolow. 2. Bend protrudlr;g read > upward Bend lead
‘ ‘of new  APPLY ; o~

CLIP component :SOLDER o
HERE | .around pro-
' truding lead.
Apply solder
-using a pair
of long nose pllersasa beat sink.

CILIRERL ISP ISISNRASIRAS SRS SRS S

Th!s proceduro is uaed in the iield only as an alternnte means of repair It is not used within
t‘le Iactory. . Co

i
#

I T ]

Figure 5-10, Servicing Printed Wiring Boards,

..‘, ' '
h" L b-14
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T Section VI~
REPLACEABLE PARTS

Tahla 8- 1 'Referance Designators (Continued)

6 2 ‘This section ‘contains information for ‘ordering P =plg V- =varuum tubg,
replaceme'nt parts, Table 6-4 lists parts in'elphanumeric Q  =wandstor neon bulb,
ordor by reference designators and providds the follow-‘ R = reslstor phetocell, etc, ' |
ing [nfo,mauon- S = switch VR =zener diode
<. @, Reference qu!gnalors. Refer to Table 61, T =tansformer [X = socket
'.ih. . Description.  Refer 12 Table 6-2 for . |TB  =terminal block [Z' = integrated cir-
. abbyeviations, i TS = thermal switch cuit or network
c Total Quantity {TQ), Given only the first time : )
the part number is listed except in instruments
G containing many sub-modular assemblies, in o
[ which cace the TQ appears the first time the
-, part number i listed in each assembly, Table 6-2. Description Abbraviations
- d, - Manufacturer's Fart Number of Type, . N : ‘
e. ' . Manufacturer’s Federa) Supply Code Number. S
Refer to Table 6-3 for manufacturer's name und A = ampere rﬁod. = modular or
- address, ac = glternating ‘ modified
- f.- . Hewlett-Packard Part Number. current mlg = mounting
g. . Recommended Spare Parts Quantity (RS) for assy. = assembly “1n = none = 10-9
) . complete maintenance of one Instrunseiit dur- bd = board NC = nc mally closed
'+, . Ing one year of isolated service. lbkt = bracket NO = narmally open
“hy:. - Pans not identified by a referenc. designator | o0 dagree NP = nickel-plated
%) ere listed at the end of Table 6-4 under Centigrade n = otim
: l}i" Mechanical and/or Miscellaneous. The former ¢d = card obd = order by
'+ consists of parts belonging to and grouped by coef = coefficlent description
.~ Individual assemblies; the latter cciisists ot an comp = composition . -~ |OD = outside
~parts not immediately assoclated .nlth an | CRT = cathode-ray . diemeter
‘assembly. _ tube p =plco =10~ 12
- \ ' CT .= center-tapped P.C. = printed clrcuit
6'3 ORDERING 'NFORMATION de = direct current pot. = potentiometer
-4, Toorder raplacement parts, address order or in- oPDT gg:g:: f:::;v gpr:n ; g:ftl:s t‘:)a:aeak
quw to your local Hewlett-Packard selss office {see lists elect = electroiytlc million
at raar of this manusl for addresses). Specify tha follow- encap = encapsulated pvr = pesk reverse
ing Information for each part: Model, cornplete serial F = farad : voltage
numbér, and any Option or special moditication (J} °F , = degree Farenhelt frect = rectifier
numbers of the instrument; Hewlett-Packard part. fxd = fixed Ims = root mean
numbel. circuit reference designator; and description, To Ge = germanium square
order a part not listed in Table 6-4, give a complete H = Henrv Si = silicon
descnpllon of the part, Its function and its Iocation Hz = Hertz SPDT = single pole,
a IC = Integrated circuit single throw
‘ 'l'abla &1. Rsference Deslgnators. ' ID  =lInside d'ameter |SS = small signal
— — 3 Inend =incandescent © |T = slow-blow
A = assembly E = miscellsneous . Kk = kilo = 103 tan., = tantulum
J, = olower {fan} electronic part m =milli=10-3 |Ti = ttanium
C = capacitor v = fuse M =mega=1 v = volt
C8 = clrcult breaker [J = Jack, jumper po o=micro = 10-8 lyar = yariable
CR = diode K = relay met. = matal ww = wirewound
DS "= device, signaling lt. = inductor mfr = manufacturer  |w = wan
{lamp) M- =meter - ;
o 6 .
. ‘ . o >\ - . o . : .
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3{ - Table 6-3,_ Manufacturer'e Federal Supply Codee

01121 " ‘Allen-Bradley Co. ; . o ; Milwaukes, WI
,'53508' ' G?neral'ﬁlactric Co. | f . Auburn, NY
IR ‘ aumiconductor_Prndugts Department
- 04713 Hotoroln:Sumlcanductor P;oduéta, Inc. Phoeﬁig, A2

Déﬂﬂl_. : :Happn]ELectrh Cnrp; _ ﬁg Columbus, SC

14140 | Edison Elek Diviqun McGraw-Edinon ﬁ Manchester, NH

19701 - .Hapco/£lectra Corp. - . | ' f Mineral Wells, TX

28546 | -_Corning Glaas Works , f Bradford, PA

28480 |  Hewlett-Packard Co, : Palo Alto, CA .

56289 Sprague Electric Co. - Co . North Adams, HA

~Teble 6-4, 6218/148/168/18B/ Parta List

. ! . i
Ref e aty |Description - / Mfp Nfr Part No
‘Desin Part No ' J Lode ‘
, Al MAIN BDARD o
€1 oL NOT ASSIGNED i
c2 0100-1835 I | fxd elect 68uF #20% 15V 55287 | I50D6B6X0015R2
C3 1 : : |
v 62126 | 0160-0157 1 | fxd Film 4700pF +10% 200V 28480
'62148 | 0150-0159 L |fxd rilm &B0NpF +10% 200V 28480
62168 | D160-n159 1 |fxd Film 6800pF +10% 200V 219480
cszlau 0160-0157 2 }fxd film 4700pF +10% 200V | 2848D
-C4 . .
62128 | 0160-2061 1 | fxd cer 100pF +10% 1ﬂVdc 28480 N
62148 [ D160-0157 I [fxd film a700pF +10% [200v | 28480 y
62168 | 0160-0157 | 1 |fxd rilm 4700pF +1n~fznov 28480
62188 | 0160D-~0157 fxd Film 4700pF +10% 200V . |z28480
cs _
62128 | nian-1852 1 '} fxd elect LDQuF +75’10v s0v [ 28480
62148' | 01B0-18A4 1 |rxd elest 20n0yF +1un 10% 65v | 28480
- 62168 | nlan-1852 I |fxd elect 100uF +75-10% 50V | 28480
62188 | 0180-1852 1 |fxd elect l00uF +75-10% 50v | 28480
Cs 0160-0161 1 /
c7 i
62128 o NOT ASSIGNED f
62148 | 0ls0-3070 I |fxd mica 100pF +5% 300V 28400
6216B | n)60-3070 1 |fxd mice 100pF 35% 300V 28480
6218B { 8160-3070 1 {fxd mica 100pF +5% Jgoy 28480
ca o NOT :USED f :
cy : I
6212B | 0180-1885 ‘1 | Fxd elect 200uF +75-10% 250v | 28480
62148 | 01B0-1916 1 | Fxd eluct 2000uF+lﬂO 10% 28V | 28480
. 6216B | 0180-1688 | 1 |[fxd elect 4%0uF 475-10% 85v |o06001 | m7Frs558a8
- 62188 | 01B0-1887 l [fxd elect ADOuF $+65-10% 150V [ 28480 S
‘C10 '
62128 | 0150-0024 2 |fxd cer .02u0F +80-20% 600V 28480
621438 | 06150-0024 2 |fxd cer .02uF +80-20% 600V 28480 ;
62168 | p150-0024 3 |Ffxd cer .02uF 4+80-20% 600V 28480 ‘
62188 | n150-002% 2 |fxd cer .02uf +00-20% 600V 26480
cl! 0150-0024 1 ‘

; , i
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el Table 6-4, 621B/14B/16B/188/ Parts List (cont.)

Ref HP Qty | Description Mfr Mfr Part No
Desig Part No. ‘ Code :
S'elz ‘ .
62128 NOT ASSIGNED
. . 62148 _ NOT ASSIGNED

- 62148 | 0l150-0024 fxd cer .02uF +BD-20% 600V 28480
62168 . NOT ASSIGNED :

CcLy ROT USED

cla’ .

62128 | 0lB0-1851 1 | fxd elect BOuF +75-10% 300V | 06001 | B7F7428AA
62148 |01BD-2258 ‘1L | fxd elect BOUf +50-10% &5V 28480

, 6216B [.0180-2258 | 1 | Fxd elect BOuF +50-10% 65V 20480
62188 0180-2258 1 fxd elect 80uF +50-10% &5V 28480

Cl5 :
62128 NOT ASSIGNED .
62148 {D0l80-2141. 1 | fxd elect 3.3uf +10% Suv 56289 | 1500335905082
62168 [ 0180-2141 1 | fxd elect 3.3uF +10% 50V 562B% | 150D335X9050B2
62188 | 0i30-1B36 fxd elect 5uF +75-10% 65V 28480

Clé-30 NO? USED

c31 _ ‘
62128 . | 0160-0174 1 | fxd cer 0.47uF +80-20% 25V
62148 NOT ASSIGNED :
62168 NOT ASSIGNED

.+ 6218B . NDT ASSIGNED !

CR1,2 1901-0033 4 | gen prp 200mA 1BOY 28480

Cits 1901-0461 '3 | gen prp 10V 200mA 28480

CR4 ;] 1901-0033 gen prp 20GmA 180V 28480

CRS,6 .J1901-0461 | : A,

CR? . i

1 62128 | 1901-0328 6 | pwr rfect LA a0DV 03508 |ALaD
62148 | 1901-0327 8 | awr rect 1A 200V 03508 |Alas
62168 | 1901-0327 6 |[pwr rect 1A 200¥ 03508 |AlaB.
62188 | 1901-0327 B: | pwr rect 1A 200V 03508 | AlaB

CR8,9 b : I NOT USED :

CR10,11 L

62128 1901-0327 2 | pwr rect 1A 200V 03508 |{Al4B
"6214B | 1901-0327 i | pwr rect 1A 200V 03508 |AlaB
62168 | 1901-0327 pur rect 1A 200V 03508 [AlaB
62188 | 1901-0527 pwr rect 1A 200V 03508 {Alab

cinl2 . NOT USLD

CR13 1201-0460 1 stabistor 150mA 30V 28480

CRla-16 } 1901-0327 | prr rect 1A 200V 03500 Alap:

CR17,18 { ’

i 62128 | 1901-0327 pwr reet 1A 280V 03508 | AlAB
62148 | 1901-0327 pwr rect 1A 200V D3508 | AlaB
6216E NOT ASSLGNED

c 62188 1901-0327 pwr rect 1A 200V 03508 Alay

YCRIY NOT USED

CR20 1991-0033 ' | gen pep 200mA 18OV 28480

Q1,2
gzlzi 1854-0823 9 NPN SE 28400
62)48 1854-0823 | 4. | NPN S§ 28480
6216R 1854-082}% 4 NPN 51 28480
62188 1854-0823 4 NPN Si 204480

03,4 ' :

62120 1855-0099 2 PNP S ‘ 28480 "
62148 1853-00%9 5 PNP 5§ 28480
62148 1853-0099 3 PNP 5% 28480
62188 | 1853-0099 i PNP 5§ ' 26480

Q5
6212R IB54-0821% NPN S5t . 28480
62140 1853-0041 1 PNP Si ' 28480
62140 I85x.0041 1 PN S 25480
62180 1853-0n4] - 1 PNP 5§ 2844n
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Teble 6-4. 621B/14B/168/16B/ Parts List (cont.)

. Ref. e o Oty Dusurﬁptlnn MrFe Bfr Part No
Desig Part No oot Codn .
N6 NOTUSED !

VY NDT ASSIGNED
LI _ : NOT HSED

‘ne 185%4=-0087 1 NPN SH 28480 |
nn SO USED

qll ; ' ‘ ] o

62128 1853-0041 1 PNP Si 28480
62148 18530099 PNP 51 28480
52168 L353-0099 | . PNP §i: 28480
62188 | 1B853-0099 PNP §§ - 28480
Q12;13 18%4-0823 NPN ‘hi
pre : | {
62128 | nBl2-0050 1 Fxd: ww 3k 5% 5M 28400
62148 | 0813-0001 V| Fxdoww 1k 5% 3w 26480
62168 -1, D813-000! 2 Fxd ww 1k 5% 3w 20400
2188 0al3-0001 i Fxd ww 1k.5% 3W 20480
2 ! .
62128 N757-0480 l Fxd Film 332k 1% 1/nW 19701 MF4C1/8-T0-4323F
. 62148 : NOT ASSIGXNED : .
62168 NOT ASSILJED
62188 NOT ASSIGNED
R3-5 NGT USED
Ré . : 'l i
62128 07:7-0437 1 Fxd Film 4.75k 1% 1/8W PE-3-1 Ca-1/R-T0-8751-F
62148 0757-0427 2 Fxd film 1.5k 1% 1/AW 24546 | Ca~1/B-TD-1501-F
62168 0757-0427 2 Fxd Film 1.5k 1% L/8W 24544 C4-1/8-T0-1501F
62108 0757-0427 2 fxd film 1.5k 1% }./BW 24584 Ca-1/B-T0-1501-F
R7 : NO T USED )
R8 NOT :ASSIGNED
R9 NOT "USED
R10 NOT AYSIGNED

R12 NOT A4SIGNED
R12 - .

- 62120 neLl-2573 1 fxd NJ‘I.IZAR 0.1% 1/8¥% 14140 }1274-1/16-C-1124R

62148 |.0812-1808 1 Fxd ww' 2.6k 5% 3W 28480

62148 0813-0001 fxd we 1k 5% W 28480 . :
62188 0811-2879 1 Fxd ww 8,64k D.1% 1/5W 14140 |1350-1/16-E-4641B
R13 . NOT USED : :

R1la NOT ASSIGNED
R15,16 NOT USED
R17 - . )

62128 0636-1235 1 Fxd comp 12k 5% L1/2% 01121 EBL1235

62148 06B6-6225 2 fxd comp 6.2k 5% 1/2% .alz1 EB5225

62168 0686-7525 1 Fxd comp 7.5k 5% /2 oLzt EB7525

fZlBB D686-6825 1 | fxd comp 6.8k 5% 1/2W nl12! E86825

"R18,

62128 D686-2035 1 fxd comp 2Dk 5% 1/2W 01121 EB2035
6214B | 06866225 fxd comp 6.Zx 5% 1/2W oll21 EB§225
62168 06EL -6225 1 fxd comp 6.2k 5% 1/2W oll2t EBA225
62188 0686-6225 1 fFxd ‘comp 6.2 5% 1/2W 0112t EB&225

R19 .

62128 0686~1035 2 fxd comp 10k 5% 1/2% 01121 WB1035
62148 D&856-1025 2 fxd comp lk 5% 1/2W 0121 EBIN25
62168 0686-1025 3 fxd comp lk 5% 1/2W 0lie. EB1O25
62188 0686-1025 3 fxd comp lk 5% 1/2W o1zl EBLlO25
R20 .

62128 0813-0010 ¥ fxd ww 820 5% 3IW 284860

62148 0813-0010 1 fxd ww 820 5% IW 28480

6216B U764-0025 1 Fxd met 2k 5% 2W 28480

62188 0764~0025 1 Fxd met 2k 5% 2W 28480




Table 6-4. £21B/14B/16B/188B/ Parts List (cont.)

Ref HP Gty] Deséription Mfr Hfr Part No
.-Deslg |. Part No : : Code
_R21 _ ) '
62128 | 0684-2215 i fxd comp 220 5% 1/2W . nii21 EB2215%
62148 | 0684-2415 1 fxd comp 240 5% l/2w 01121 EB2415
62168 0686-2415 1 Fxd ¢omp 240 5% l/2w 01121 EB2415
82188 D686-2215 I fxd comp 220 5% 1/2% g112} EB221%
R22
6212B 0686-5635 1 fxd comp 56k 5% 1/2W o112} EBS4635
62148 06863035 1 Fxd comp 30k 5% 1/2W 01121 EB3N35
62148 | .0686-3035 1 Fxd comp 30k 5% 1/2W alizl EB3035
62188 | 06B6-3035 I' | fxd comp 30k 5% 1/2 nit21 | EB303S
R23 C .
62128 06B3=-1035 fxd comp 10k 5% 1/4w oli21 CB1o35
62148 . NOT ASSIGNED
6216B ' _NOT ASHIGNED
62188 o NOT ASSIGNED
R24 N689-3625 1. | Fxd comp 3.6k 5% IW o112t GB362%
R2% - ‘ ‘
62128°| 06864315 1 Fxd comp &30 5% 1/2W o121 EBa3ls
62148 04686-4715 1 Fxd comp 470 5% 1/2W gil2l EBAa7LS5
62168 04686-5115 | fxd comp 510 5% 1/2W gLi2t EB85115 !
62188 | 06B6-4315 1 fxd comp 430 5% 1/2W nrizi EB84al1ls
R26 .
62128 N6B6-1515 1 Fxd comp 150 5% 1/2W or121 EBIS5LS
62148 0686-2015 1 fxd comp 200 5% 1/2W nitz2} EB2015
62168 0686-2015 1 fxd comp'200 5% L/2¥W gLz EB2ntLS
62188 N6B86-2015 1 fxd comp 2ND 5% 1/2W oLzl £n2015
, R27 NOT USED
R23 :
621206 ! n6aB6-2025% 1 Fxd comp 2k 5% L/2W nit21 | EsB2n25
62148 | D6B6-R215 2 Fxd comp 820 5% 1/2W oll2t EBB215
62168 N6B6-821% ! fxd comp R20 5% 1/2M "2l EBA215
62183 | N6BA-R215 I § fxd comp 420 5% 1/2W neizl | EBR215
R29 ' NOT USED
R30
62128 | N6B6-6RIS o[ Fxd comp 680 5% /24 N2l | £B6RIS
62148 | N&B6-3915 l Fxd comp 390 5% 1/2v niiz] EB¥oLs
62168 | N&Bs-1R25 L | rxd comp 1.8k 5% 1/24 Nzl | EB1H2%
R621nu 06B46=-1A25 I | fxd camp t.8k 5% 1/2W niezl | LB1s2s
3l : :
62128 | NGBE-1N2% 2 | Fxd eomp 1k 5% 1/2W B1121 | EB1025
621488 | 106080215 Fwd comp 820 5% 1/2W ntizl | LB8215 .
52168 | n6BE-1025 Fxid eomp Yk 5% 1/2W niz21 | EB1025
A2L00 | NEBA-1N25 Fxil vomp 1k 5% 1/2W nLL2r | kBin2y
RS2 ‘ .
62128 | n744-n045 1] fxd mut 22k 5% 2W 28480
6214B | n311-1797 1 | Fxd wie 390 5% 3w 2HA4A0)
B2168 | n69B- 3642 I | Fx¢ met 3k 5% 2W 27167 |TPAz2-2-10na 501 =)
L2188 | ontl-tnla L ] Fxd wa 6.5k 5% W 28480
R3S
62128 | NB1L-1718 1 | Fxd ww L0 5% W 23480
62148 | nBl11-13a80 b Fxd wew 1 5% 5W 28480
£2158 ["0BILI-1v86 o] Fxd we 3 0.5% 3N 284480
62180 | .0B11-2499 L | Fxd ww 6 0.5% 34 208480 .
. 138,35 NOT USLD
R34 .
. 6212D | 06R6-1015 1 | fxd comp 10C 5% 1/2W o121 | EBIOLS
52148 MOT ASSIGNED
62168 NOT ASSLGNED
62188 NOT ASSIGNED
- R3T, 8 NOT USED ° |
'y
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Tabla 6-4. 6218/145/168/155/ Parts List (cont.)
Ref Hp Gty {(Demeription Mfp Mlr Purt 'n
Denig Part No Code
R39
62128 05689-3335% l Fxd vomp 33k 5% 1w nL121 Cusisn
621ats NOT ASSIGNED
62168 NOT ASSIGNED
62108 NOT ASSIGNED
R40,41 NOT USED
RA2 : : '
62128 ne9B-3269 1 Fxd Film 23k 1% 1/8W 24546 Ca-1/8-T0-2302-F
62148 0698-3269 i Fxd Film 23k 1% 1/8W 24546 C4a-)/0-T0-2302-F
8214508 0698-5091 1 fxd Film 45k 1% 1/8W 24544 Ca-1/8-10-4502-F
_ 62188 N698-5091 1 Fxd film 45k 1% 1/8% 24544 Ca-1/8-10-4502-F
R43 ,
‘ 62128 0757-0934 1 fxd film 2.7k 2% 1/8¥% 24546 |CA-1/B-TD0-2701-C
“62148 0757-0427 fxd Film 1.5k 1% 1/8W 24546 Ca-1/8-T0-1501-F
62168 0757-0427 fxd Film 1.5k 1% 1/8W 24546 C4-1/R-T0-1501-F
62188 0757-0427 fxd Film 1.5k 1% 1/8W 24546 CA-1/8-10-150]1-F
RAa-47 NOT USED ' .
RaR _ 1
62128 0757-0280 2 fxd Film 1k 1% 1/8W 24544 Ca-1/8-10-1001-F
il . 62148 0757-0280 2 fxd Film Yk 1% 1/8W 24546 Ci-1/8-T0-1001-F
62148 0757-0280 1 fxd film Ik 1% 1/8W 24546 C4a-1/8-70-1001-F
62108 0757-0280 1 fxd Film Ik 1% 1/8W 24546 Ca-1/8-T0-1001-F
R&49,5D . '
R51
' 62128 0757-0274 1 fxd film 1.21k 1% 1/0W 245464 C4-1/8-TO<1211.F
62148 NOT ASSIGNED
6216D NOY ASSIGNED
62188 NOT ASSIGNED '
R52 :
62128 2100-0328 1 trme ww l-turn 500 10% 28480
62148 2100-0439 1 teme ww l-turn 250 20% 28480
6216B 2100-0439 1 temr ww l-turn 250 20% 2B480
62188 2100-0439 1 teme ww l-turn 250 20% 28480
R53-55 NOT ASSIGNED
R56 NCOT USED
R57 NOT ASSIGNED
R58-60 NOT USED
R&1 0686-~1025 Fxd comp 1k 5% 1/2W 01121 EB1D25
VRI1 1902-3185 1 Zener 12.4V 5% 28480
VR2Z 1902-3070 3 zener 4.22V 5% 28480
YR3 1902-0761 2 zener 4.2V 5% Da713 1NB21
1 VR4 1902-00564 1 zener 7.5V 5% 28480
VR5 1902-3070 zener 4.22% 5% 28480
YR6& 1902-0761 zener 6.2V 5% nazi3 1N821
VR7 - 1902-0049 1 zener 6.19v 5% 2BABD
Vgﬂ 19023070 zensr 4.22Y 5% 2B480
VRY
62128 1902-3002 1 zener 2.37 5% 28480 '
62148 ROT ASSIGNED
62168 NDT ASSIGNED .
62188 NOT ASSEGNED
11 1810-0031 1 resistance network .B4BOD
la-dip multiple value
A2 FRONT PANEL BOARD
ci '
62128 N180-1841 1 Fxd elect SuF +50-10% 150V 56289 4005051F150DC4
62148 0l180-0301 1 fxd elect 5ufF +75-10% 50¥ 56289 3nD505G0506B72
6216B 0l80-1836 1 fxd elect 5uf +75-10% 65V 2848n
621868 0180-1836 2 Fxd elect SuF +75-10% &5V 28480
D51 1450-0510 1 LED 2R48B0
66
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Teble' 6-4. -621B/148/16B/18B/ Psrte List {cont.)
I . o N .- -

‘Ref Hp | aty jDescription Mfr Mfr Part No

Dealqg Part No : Code

géﬁ7 ‘ 4 NOT ASSIGNED
62128 0686-7505 1 fxd comp 75 5% 1/2W n112]) EB7505
6214B 0686-2405, | 1 fxd comp 24 5% 1/2W a1zl EB2305
6216B 0686-2405 1 fxd comp 24 5% 1l/2% : 0l121 EB2405
62188 0686-2405 1 fxd comp 24 5% 1/2W o2l EB2405 . -

" R% i ’ NOT ASSIGNED C

UL SR 3
42126° | #100-0998 1 |var cual we 22k 10% 28480 "
‘621487 1.21p0-2524 2 |var dual ww 5% 5% 284A80 " 3

-+ f, 6216B° | 2100-2526 1 var dual ww 5k 5% 284400 .
: R??'QB 2100.2527 2 | var dual ww 10Kk 5% 20480
: i Rl :
: 62128 2100-2526 1 var dual ww 5k 5% 28480
52148 2100-2526 var dual ww 5% 5% 2B4R0
62168 2100~2527 1 var dual ww 10k 5% - 28480
62188 2100-2527 var dual ww 10k 5% 28480

R12,13 : : NOJ ASSIGNED ‘

R14 ' .

62128 N698-5479 l fxd comp B.2 5% 1/2M nil21 EBR2Z2G5
62148 AR6-0335 1 fxd comp 3.3°5% 1/2W niE21 LB 3365
62148 N&R6-0335 I | fxd comp 3.3 5% 1/2W ori2i1 ER33GS
62188 0686-0335 H Fxd comp 3.3 5% j/2M nri2t £a3ics g

H15-52 : NOT ASSIGNED -

R5) , , ]

- 62134 H757-02A8D H Fxwdd film 1k 1% 1/8W 28546 .| Ca=t/G-TU<L11)]-F =
A2148 0757-02B0 | fxd Film Ik 1% )V/BV 24546 Ca-1/8-FO=-1001-F B
62168 0757=-0274 | Fxd Film 1.21k 1% 1/BW 24 .06 Ca=1/0=TU=1211~r z
A218BB | N757-N274 1 fad film 1.20k 1% 1/8% 24546 Ca=1/A-Ti)-1211-1}

R54 ' ; i
62128 0757-0467 1 fxd Film 121k 1% 1/8W 24546 Ca-1/8-F0~1213-F s
62148 0498-50R8 1 Fxd Film 12k 1% 1/3W 24546 Ca-1/8-10-1202-F -
62168 0698-5151 1 fxd Film 292.9k 1% 1/8W 24544 Ca-1/8-T0-2912-F -

RGZIBB 0690-3572 1 fxd Film 60.8k 1% 1/BW 24546 Ca-1/8-10-.6042-F E
55 ' !
62128 069R=-3440 L fxd film 196 1% 1/BW 24546 Ca-1/H-T0-194R~F E
6£214aB 0698-3440 ] fxd Film 196 1% r/6M 245446 Ca-1/8-10-196R-F =
62168 0757-0269 1 Fxd Film 270 1% 1/BM 24544 C4-1/8-T0-271-F B
62°.%8 | 0757-0269 1 fxd Film 270 1% 1/8% © 24546 Ca-1/B-T0-271-F .

R56 B NUT ASSIGNED "

H 357 N .

62120 0757-0465 - 1 fxd Film 100k 1% t/BW 24545 Ca-1/8-T-1003-F
62148 0698-6074 1 fxd Film 39k 1% 1/BW . 24546 C4-1/8-10-3902-F
62168 0678-5089 1 fxd Film 33k 1% 1/8W 24546 Ca-1/B-T0-3302-F
62188 06928-5089 1 Fxd Film 33k 1% 1/8W 24546 C4-1/8-10-3302-F

51 T 5101-1258 1 switch tgl 2A 25DVuc 28480 E

52 3101-1363 1 switch 8l 0.5A 125Vac/de 28480 "

‘ CHASSIS ELECTRICAL :

Fl ' 2110-0012 1 fuse 0. A, 250 V 28480 !

Ql-6 NOT ASSIGNED :

a7 _ . -
62128 | 1854-0821 L [ NPN Si ' 28480 I

, 62148 1854-0225 1 NPN Si 28480
" $£216B 1854-0225 1 KPN St 2B4B0

62188 1854-0239 1 NPN 51 28480

Tt
62128 9100-2608 | 1 transformer 28480
52148 9100-2610 1 transformer 28480
6216B 9100-25609 1 transformer ] o 28480
62188 2100-2609 1 transformer 28480

6-7
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Table 6-4. 621B/14B/16B/18B/ Parte List (cont.)

Ref ' . ty |Description - nrp Mfr Part No
Desig Part No . : ‘ Code
MECHANICAL
62128 |06212-60020 1 284BD | 20 eea~a-
62148 |06214-60020 1 |P.C. Board Assembly,Main 2BaB0 | 20 -ena-
62168 [06216=-60021 1 (Includes Components) 2B4B0 | 20 -----
62188 |[06218~60021 ! 28480 | 020 eeecew
3 " 03A0-0168 2 (insuletor Bushing (Q7) 26450
0340-017% 1 JIneulator (Q7) 28480
1200-0181 1 |Insulator (Q5) 28480
8120-0050 1 |Line Cord 28480
0400-0013 1 |Line Cord Strain Relief 2R480
2100-0564 1 {|Fuseholder Body 28480
2100-0565 1 |Fuseholder Cap 28480
"2110-05469 1 |Fuseholder Nut 28480
5020-2579 1. JHestelnk 28480
0370-0101 2 |Black Knob 268480
0370-2241 | 2 |Red Knob 28480
1510-0094 2 |Binding Post 28480
. 1510-0522 1 |Binding Post 28480
: "7101-0748 1 Top Cover 28480
7101-0749 1 Bottom Cover 28480
5081-4968 1 JRear Cover ' 28480
with Lettering (115V)
J 5041-4969 1 Rear Cover, 230V, 28480
), . " j{0ptlon £028)
. | Front Cover with Lettering ‘
‘62128 1 06212-460004 1 . 284R0
62148 | '06214-60004 1 28480
62168 | 06216-560004 1 28480
62188 | 06218-60004 1 28480
) , ) Front Ponel Assembly
. 6212B | 06212-60002 1 28480
' 6214B | 06214 60002 1 . 20480
62168 06216-61)002 l 28480
| 62188 | 06218-60002 1 28480
' o Heters
62128 1120-1247 1 2.25A, 12nv 28480
,6214B 1120-1153 1 2.25A, 12¥ 28480
2168 | 1120-1137 1 | 2,254, 30y 28480
62188 1120-11a2 | 1 | 2.25A, &0V 28480 ‘
' 4(40-0934 1. {Meter Bezel 28480
1460-0258 1 | Meter Spring 2B4R0
50205757 1 1Al Board (Blank) 28480
o 5020-5731 1 A2 Board {Blank) 28480
. Al Board with Components 20480
62128 N6212-60020 ! 28480
62148 | D6214-60020 | t 28480
6216B | 06216-60020 | 28480
6210B | N6218-60N20 1 2B4A0
A2 Board with Compoaents ‘ .
62128 | 06212-6uN21 1 20480
62148 06214-60021 | 1 oot 28480
62168 06216-60021 | I 28480
62186 ns218-60021 1 ZR4RN
5950=-1928 1 lperuting & Service Munual 28486
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L Table 6-4. 6218/14B/16B/18B/ Parts List (cont.)

Ref | Hp

ity Description Mfp Hfr Part No
Desig Part No - ' Code
o T ezn-ase I | Corrugated Contuiner 28480
; ‘ 9220-3212 ! Corrugated Pad . 28480
S 9220-3213% 2 Foam Pad 24810
R54 o ‘ \ o
62128 | 07570467 1 fxd fllm 121k 1% 1/8W 24546 | CA-)1/8-TD-1213-F
- 62)4B | 0698-5088 L] fxd Film 12k 1% 1/84 24546 CA-1/8-T0~1202.F
62168 0698-5151 1 J Fxd film 29.9k 1% 1/8% 24546 C3.1/8-10-2912-F
621688 | 0698<3572° 1 fxd film 60.4k 1% 1/8W 24546 Ca-1/8-T0-6042.F
R55 :
62128 0698-3440 1 Fxd film 196 1% 1/8w 24546 C4-1/8~TO-1946R-F
62148 0698-3480 1 Fxd :-FLlm 196 1% 3/8W 24546 1 C4-1/B-TD-196R-F
6216B | 0757-0269 1 fxd Film 270 1% 1/8W 24546 | C4~1/8-T0-271-F
623188 [, 07570269 1 fxd Film 270 1% 1/8¥% 24546 C4-1/8-T0-271-F
R56 . . "NOT ASSIGNED
R57 s ‘
62128 0757-0455 I |'fxd film 100K 1% 1/8W 24545 | C4~1/8-T0-100G3-F
62148 0638=6076 | 1} Fxd Film 39k 1% 1/8%w 24546 C4-1/8-T0-3902.F
62148 0698-5089 1 fxd Film 33k 1% 1/8W 24548 Ca-1/8-T0-3302-F
62188 06%6-5089 1 fxd film 33k 1% 1/8v% 24546 C4-1/8-T0-3302-F
51 3101-1258 1 switeh tgl 2A 250Vac 28480
52 3101=-1363 1 ewitch sl 0.5A 125¥ac/de 28480
‘ ‘ CHASSIS EUECTRICAL
Fi 2110-0012 1 fuse 0.5 A, 250 v 28480 !
F2 2110-0004 1 fuse 0.25 A, 250 V (for use i
In Option 028 units only)
‘135-6 NOT ASSIGNED .
62128 1854-0421 | 1 NPN 5i 1 28480
62148 1854-0225 1 NPN 5§ 28480
62168 18540225 1 NPN Si 28480 ‘
52188 1854-.0239 ) NFN 51 28480
Tl ' :
- 62128 2100-2608 1 tranaformer 28480
62148 9100-2510 1 transformer 28480
62168 | 9100-2609 | 1 | transformer 28480 :
' 62188 | 9100-2609 1 | transformer 28480
! MECHANICAL PARTS
0340-0168 2 | Insulator Bushing (Q7) 28480
0340-0174 1 Insulator (Q7) 28480
1200-0181 1 Insuletor (Q5) 23480
8120-~0050 1 Line Cord 28480
0400-0013 1 Line Cord Strain Relief 28480
21000568 1 | Fuseholder Body 28480
-2100-0565 1 Fuseholder Cap 28480
"I 2110-0549 1 Fuseholder Nut 28480
5020-257y 1 Heatsink 28480
0370-0101 2 Black Knob 28489
0370-2241 2 | Red Knob - 28480
1510-0094 2 | Binding Post 28480
1510-0522 1 Binding Post 28480
7101-0744 1 Top Caver 28480
7101-u749 1 Bottom Cover 28480
5081-4958 1 Rear Cover 28480
, | with Lettering (115v)
-5081-4%69 1 Rear Cover, 230V 28480
. {Option 028)

- PERCT N S
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Toble 6-4. 6218/14B/16B/188/ Parts List (cont.)
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6-10

Ref Hp Qty | Description - Mfr Mfr Part No
Denig Part No : Code
- ' front Cover with Lettering
| 6212B | 06212-60004 1 28480
. ‘| 621aB 06214-60004 1 ‘ 28480
' 62168 | 06216-60004| 1 28480
62188 | 06218-50004) 1 28480
= R I - " | Front Panel Aebembly
= 6212B | 06212-60002 | 28480
- 62148 06214 60002 13 28400
- 62168 | 062146-60002 | 28480
1 62188 | 0é218-60002| 1° 28480
: Heters .
62128 1120.1247 3 2.25A, 120V 28480
621aB 1120-1133 1 |2.25A, lz2v 28480
: 62168 1120-1137 1 2.25A, 30V 28480
» 62188 1120-1142 | 1 2.25A, &0V 28480
o 4040-0934 1 | Heter Bezel 28480
1460-0254. 1 Meter 5pring 28480
5020-~5757 1 | Al Board (Blank) 28480
- ’ 5020-5731 | 1 | A2 Board (Blank) 28440
‘ Al Dosrd with Components 284480
_ 62128 N6212-60020 i : 28480
. 62148 [ 06214-60020 ] i 28480
- 62168 06216-60020 1 . 28480
62188 06218-60020 1 : 28480
: A2 HBoerd with Components
62128 06212-60021 1 : 28480
62148 06214-50021 1 28480
62168 06216-6002) 1 ! 24RO
62188 ne218-60021 1 24480
' 5950-1928 1 | Operating & Service Monusl 28480
v 9211-3319 | 1 Corruquted Container 2B44D
; 2220-3212 1 Corrugated Pad 28480
yit 9220-3213 2 | Fooam Pod 28480
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‘. Section VII' ’
¢ CIRCUIT DIAGRAMS = .

By

g Th!s sectlan contains the c!rcuit dragmms necessary for

" the oparation and malntenance of these powur suppltes.

T"Im:lude*‘ are; ';l;":?. -
$r3i1’ l""i“f"‘ ol

'.;a,i o comPO"am Location Diagram, Figure 7-1and

12 7-2'show the physical location and reference
STHEETNE A.esfgnator of parts mounted an the printed wir- -

Ing board,

+ ‘Schematic biagre-n figure 7-3, whfch Hfustnates

the circuitry for the entire power supply
Voltages ara given adjacent to test points, lden-
tified by enclrcled numbers on the schematic
and printed wiring board, . U’

A2 FRONT PANEL BOARD
{rear view)
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A2 FRONT PANEL BOARD
, {roar view) . ¢
I

’ Figure 7-2. Component I,'ocntlon Diegram. Models 6214B, 62168, 62188
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L] - "COMPONENT VALUE TABLE. T . [

— l ' A MAIN BOARD oo -
" COMPONENT - R MODELS ; ! s , ’
Lo ‘ - ' o . | ,
62128 Coems . 1UH eame e SR o PERRER Y
e o | BFisov C EFBOV 5FE5V . EFE5V
-G |- 0047 4F 10% - 0068 4F 0% 0068 uF 10% 047 R
oo 7,001 4F 10% 0047 F 10% [ .0047 uF 10% | 0047 uF 0% i J M |
LB - Not Used . 33I4F-£10% 60V | B3,4F £10%BOYV | 6uF +76-10% 65v] | Wil
SR T [ 3k £5% SW 1% £3%3W | 1k tE%3IW kt5% 3w | ot ! 4
- P8 476k 1% 16 k1% 1.5% 1% 16k 1% ) 3
RB 765 6% 24 6% % E% . 246% 4 i
gloa 2k -0 . 5k ~-560 5k ~60 6h -50 .
R10B 2k 200 . 6k -50 5% -5 . Bk.=BO . 2
. RIMA &k -60 - - Bk -6Q - 10k ~100 S Bk =80
R118 Rk BN 5k -5 10k =100 S Bk B )
R N2 1% 125W | 26k £5%3W Th £6% 3 W LIN 2B% AW ! oo /@"’-""
R14 ' 82k6% .6W 3.36% .6W 31I6% 5W 3.35% 6w . :;c’ 1% :
R17 12k 6% 5W 82xb% 5W 76k5% 5W 68k5% .5W - " AL i a'n ‘
A9 10k 5% 5WwW 1h5% .5W ThE% 5W ThkB% .6BW ot i Em
R20 . 8205% I W | B205% 3W 2Kk 6% 2W 2k 5% 2W osl M sy
an 206% .6 W 2406% 6W 2406% 5W 2205% 6 W ' . i ¥ 4 4 -'-‘*"“"
’ A2 B0k 5% .5 W 30k6% 5W 0k5% SW 0k 6% 5W J ' 3 i
Az6 .- 150 6% 5 W 200 6% .5 W 200 5% 5 W 2006% 5W : X uk
B Wi | page | mee | s ) e
T . . BkbB% . 1. i vaa
R31 1 tee% bW 820 6% .5 W 1k5% .6 W 1k 5% 6W - L K ‘ RECTIFER OXT FOR AL 8UT MOOEL 6268 | —_—
© . R3O 106% 3 W 15% 6W. 3I5%3W . 6.5%3 E i . : o ' ‘
; R4z Bki1% 126 W 23k 1% A28 W 45k 1ih 125 W Ak 1% .126W L ‘ ‘ | .
fooRS2 T 500 10% 250'20% 260 20% 50 20% , . - _ ' - 3k
R53 Tk 1% 5 W Tk 1% 126 W 125 1% 926 W 1.2k 1% 125 W : . Co o I R
: R54 121k 1% 126 W 12k 1% 125 W 299k 1% .25W 604 k1% 126 W - - '
R66 - 196 7% 126 W 196 1% 125 W , 210 1% 125 W 270 1% 16 W ‘ R
R&? POk 1% ,126 W IKI1% 15 W BVki% asw WBk1% 125W o —— —_
frecrren o ron moce ez, | . :
, \ | ! e & 3 '
R l nere B : b
e I . e ! i et rpe e 5 1
NOTES: '. | ‘ | £ ol ———— ] T e . 2
e . , i | o ; : f . [ & ‘ﬁé}?ﬂﬁ% 4 L ooy 1 _——
1. All resistors are 1/2 W, 5% unless otharwise spacified. ¢ i | L : | ' L ‘;‘F}i;i@ & g § g-%? 3 '
" 2. Al )/Band 1/4 watt resistors are 1%, 100 ppm. . Co N 1 ' b o f el : ER BRI, L Y #ry = It ‘ S v eck
3. . 220 ppm wirg tamparoture costficient. : : } &;’ﬁ 1 | : @:Eﬁw bt 5& o Lo Py r‘"’ Sl t Sl "
4. " Meter switch, 52,08 viewed from rear. Shown in voltage positon. | 1 ) o ‘ ! Iy N RSy ARy i“;’.:%‘,;, ' ﬁ%ﬁa‘?' 2 ARCS
5. ' memmameae Denotes voltage feedback signal St ' ot R0 e | ; . S P : 7 s AT i
8. eommme—mme 'Denctes current feadback signal, " L e e 1 i ; -
: T Transtormer shown strapped for 115 V operation. Ses Instuciica manual for 220 Vac. . ' !
" B. > DC voltages were mezsured under the following conditiona: , . . ' tid
0 A. Hewlett-Packard volimetar Model 3456A or 3468/ or equivalent. ' 72
: 8. 415 Vac input. - T, E v B35
C,' Voltages referenced to + S unless otherwise nried. B i iy ;
D Voltages are typical, £10%, unlets otherwise noted. ot it e | -
E. Al readings taken in constant voltage operati )n at maximum rated output with no load connected 8 ! !
and current control turned fully clockwise. j ,:‘ . A EMAR oot
% - Main supply output voltages are: G ' ' ‘ -0
) . MODEL voc : ! . . ) o ‘
g e 150 ‘ , . ‘ : ' : | : T
62148 2 . . ' b e e —— —_— —_— e ——— -
62168 “ . o o : ‘ : ‘ : . 8200TE 4
' &8 78 ' o . C - _ { oA2 .
. . ’ t ! . ' R ' - ) .
10, ‘Connect to proper pin number, sea chart below. B BoX o2 !
: ‘ : 397 %2V
MODEL | T1 SECONDARY PIN NO.s | - I ’ , s : 3 |
B 9 . . : ) } : C ' !
1 ' ’ . . ! !
62128 - : . B ‘
62148 . - . . : o ) :
' 62168 | (See (nser} ) : ‘ ! )
62188 - ‘ .

1. This circuit Is used in Model 62128 only. When in use delets the lines that connact points A and B and point
C with 1est point .

Figure 7-3. { ~hematic Diagram.
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