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SECTION |
GENERAL INFORMATION

1-1 DESCRIPTION

1-2 This instrument is designed to be used in
applications such as powering operational ampli-
fiers, push-pall stages, and deflection svstems
where pius and minus voltages are requ1red to
track with an insignificant error, and in any appli-
cation where 1wo independent power supplies
housed in a single package represent an operat-
ing convenience.

1-3 The instruments consists of two identical,
independer.tly adjustable dc power supplies in a
half-rack case, A front panel switch selects one
of two modes of operation: tndependent or track-
Ing, In the independeni mode, the output voltage
and current of each supply are controlled separate-
ly, and each supply is isolated up 10 300V from
output to chassis or output to output. In the track-
ing mode, both outputs are automatically connect-
ed in series, and the controls of the left supply
adjust the magnitudes of both the positive and neg-
ative output voltages. Because the outputs are
connectzd in a tracking configuration, any internal
disturbance in the master supply (such as drift or
ripple) will cause an equal percentage change in
the outputs of both the supplies.

1-4 Each power supply is a completely transis-
torized, well-regulated, constant voltage/constant
current supply that will furnish full rated outpat
voltage at the maximum output current or can be
continuously adjusted throughout the output range.
The front panel CURRENT controls can be usegd to
establish the output current limit {(overload or
short circuit) when the supply is used as a con-
stant voltage source {independent or tracring
modes), and the VOLTAGE controls can be used o
establish the voltage limit (ceiling) when the sup-
ply is used as a constant current source {indepen-
dent mode only), The supply will automatically
cross over from constant voltage to constant cur-
rent operation {current limited operation in the
tracking mode) and vice versa if the output current
or voltage exceeds these preset limits.

1-5 Each supply has its ¢wn front panel meter
that can measure output voltage or current. The
front panel METER switch on each supply selects
either of the two functions,

‘ 1-6 Fach supply has a built in overvoltage pro-

tection crowbar for the protection of delicate loads.

1-1

the {ron:
1 1g -

The crowbar sets a hmit (adjustable from
panel) on the output voltage, If this lim
ceeded, a short circult is applied ycross e o
of the supply.

1-7  Both front and rear output terminals 2re wic-
vided on each supply. Cither set of terninasls ca:
be used inthe independent mode; only the fron®
terminals can be used when the mslrumem 1S Cpnr-
ated in the tracking mode. CLither the pon
negative output terminals can be connecte:!t to the
chassis through a separate ground teru inal loc s
adjacent to the output terminals, or the sa: B
be operated floating at up to a maximum '\f 5 v
volts above ground,

1-8  Terminals located 4t the rear of cach Lo
supply allow access to various contro! POINTY Wil
in the supply to expand the operating capabilities
of the power supply. A brief descripticn of these
capabilities is given below:

a, Remote Programming. In the inlependes
mode, the output voltage or current of each supply
may be programmed {controlled) from a rewmote loca-
tion by means of an external voltaye source or re~
sistance connected tc each supply., In the tracking
mode, the output voltage of both supplies muy ve
programmed from a remote location Ly means of an
external voltage source or resistance connected to
the left (master) supply,

b. Remote Sensing. The degradation 1n reg-
ulation which occurs at the load due to voltage drop
tn the load leads can be reduced by emploving re-
mote sensing. This 1s possible with the instrument
in the independent mode of operation oniy,

<. Auto-Series Cperation, Two or more oW
er supplies may be used in series when . niGher
output voltage is required i1n the constant voltage
mode of operation or when areater voltacs» com-
pliance is required in the constant current ~ods of
operation, Auto-Serics operation permits vne-knou
control of the total output voltage from a maste
supply.

d. Auto-Paralle! Oueration. Fach mwrirnadoal
power supply may be operated in parallel ~itn one
or more similar units when greater output current
capability is required, Auto-Parallel operation per-
mits one-knob control of the total oitput current
fror: a master supply.

e. Auto-Tracking Operation. One power
supply may be used as a master supply control-
ling one or more slave supplies furnishing vari-
ous voltages for a system. When operated with the




front nancl mode cwitch in the tracking position, ered with the incranons or soparately

the instrament is automatically internally connect- novour ocal Hewlett=Pack 1§ sules office (refor
ed in an Auto-Tracking configuration, te list at rear of manual for adiresse s, '
1-9 SPECIFICATIONS A iy - .
HP Part or Mode] No, Doseription
1-10 Detailed specifications for the instrument 16528 Combining Case for mount-
are given in Tanle 1-1, Unless otherwise noted, ing one or two .nits i stan-
the specifications apply equally to both of the in- dard 14" rack (rofer to Sec-
dependent supplies housed in the instrument, tion I1 for details).
506(-0789 Cooling kit for abuve com=
1-11 OPTIONS e g ot o
oining case, 115Vac, 50-
1-12 Options are customer-requested factory 60Hz,
modifications of a standard instrument. The fol- 5060-0796 Cooling kit for above com-
< 5 R - i .t . P -
lowing options are availatle for the in *rumen bining case, 230Vac, SJ-
covered by this manual, Where ne-ess 60Hz,
tailna covarace of the optiuns ace include
throughout the marnual, 5060-0794 Filler panei to block un-
uscd half of above combin-
- i N 1Y~ 2/~ 5. - i
Optica 0. De3Cpon ing case when mounting on-

007 Ten-Turn Qutput Yoltage Controls: ly one unit,

Two single ten-turn controls that re-
place both sets of concentric coarse
and fine voltage controls., The con-

trols allow greater resolution in sot- 1-15 INSTRUMENT IDENTIFICATION
ting the output voltage of each supply.

1-16 Hewlett-Packard power suppli”s are jdonti-
fied by a4 three-part serial number, The first poare
is the power supply model number. The second .
\.

008 Ten-Turn Qutput Current Controis:
Two single ten-turn coutrols that re-
place both sets of concentric coarse
and fine current controls. The con-
trols allow greater resolution in set-
ting the output current of each supply,

part i1s the serial number prefix, consisting of 3
number-letter combination denoting the date of a
significant design change and the country of man-
ufacture. The first two digits indicate the vear

009 Ten-Turn_Qutput Voltage and Current (10 = 1970, 11 = 1971, 20 = 1989, ~1d; the seo-
Controls: Options 007 and 008 on the ond two digits indicate the week (01 through 52);
same instrument, and the letter "A™, "G", "I, or "U" designates

. - . . the U, S.A,, West Germany, Japan, of the United
013 Three Digit Ten-Turn Graduated Deca- . ! ) Y .] P o ;.
; - I Kingdom, respectively, as the country of manuiac-

dial Voltage Controls: Two single ten- ) )

. trols with D dials tha ture. The third part is the power supply serial

urn controls eca > thatre number; a different 5-digit sequential number 13

place both sets of concentric coarse . . o

. assigned to each power supply, starting with

and fine voltage controls. The con- 90101 :

trols ailow accurate resetting of the :

output voltage of each supply.

014 Three Digit Ten-Turn Graduated Deca- 1-17 If the serial number prefix on your unit coes
dial Curreat Controls: Two single ten- not agree with the prefix on the title page of tais
turn controls with Decad’ils that re- manual, change sheets supplied with the manual
place both sets of concentric coarse or manual backdating changes in Appendix A deline
and fire current controls. The con- the differences between your instrument and tho
trols allow accurate resetting of the instrument described ty this manual.
output current of each supply,

015 Three Digit Ten-Turn Graduated Deca- 1-18 ORDERING ADDITIONAL MANUALS
dial Voltage and Current Controls.

Cptions 013 and 014 on the same in- 1-19 One manual is shipped with each instrument,
strument, Additional manuals may be purchased from vour
local Hewlett-Packard field office (see list at rear
1-13 ACCESSORIES of this manual for addresses), Specify the model .
number, serial number prefix, and HP part numuer
1-14 The accessories listed ir. the following chart shown on the title page.

1-2



Tabe 1-1, Specifications

INPUT:
113/230Vac £10%, single phase, a3-ciliz,
2.7A, 260W @& 1135V,

QUTPUT:

Independent Mode - Two independent outputs,
each of which can be set from 9-50 volts at
G-1 ampere,

Tracking Mode - Tracking outputs of 0 to *50
volts at 1 ampere each.

LOAD REGULATION:

Constant Voltage - Less than 0.01% plus 1mV
for a load current change equal to the current
rating of the supply.

Constant Current - Less than 0.01% plus 250pA
for a load voltage change equal to the voltage
rating of the supply.

LINE REGULATION:

Constant Voltage - Less than 1mV for a change
in line voltage from 103.5 to 126.5V at any out-
put voltage and current within rating,

Constant Current - Less than 100uA for a line
voltage change from 103,5 to 125.5V at anvy out-
put voltage and current within rating,

RIPPLE AND NOISE:

Constant Voltage - Less than 250,V rms, 4mV
p-p (dc to 20MHz).

Constant Current - Less than 250uA rms, 2mA
p-p (dc to 20MHz).

TEMPERATURE RATINGS:
Operating: 0 to 55°9C. Storage: -40 to +75°C,

TEMPERATURE COEFFICIENT:

Constant Voltage - Less than 0.02% plus 200uV
change per degree Centigrade change in ambient
following 30 minutes warm-up,

Constant Current - Less than 0,02% plus 150pA
change per degree Centigrade change in ambient
following 30 minutes warm=-up.

STABILITY:

Constant Voltage -~ Less than 0.2% wius 2mV
total drift for 8 hours following 30 minutes warm-
up under constant ambient conditions,

Constant Current - Less than 0.2% plus 1.5mA
total drift for 8 hours following 30 minutes warm-
up under constant ambient conditions.

OUTPUT IMPEDANCE:
A 6mn resistor in series with a 6uH inductor,

WEIGHT:
24 tbs. (11 Kqg) net. 28 lbs, (12,9 Kq) ship-

ping.

TRANSIENT RECOVERY TIME:

Less than 5Qusec is required for output voltage
recovery (in constant voltage operation) to with-
in 10mV of the nominal output voltage following
a 1 ampere change in output current,

METERS:

Each front pane!l meter can be used as either a
0-6UV voltmeter or a 0-1.2A ammeter, Meters
are accurate within 2% of full scale; meter
switch selects voltage or current readings,

OUTPUT CONTROLS:

Single~-turn concentric coarse and fine voltage
and current controls are included on the front
panel. Mode switch selects one of two modes
of operation: either two independent, isolated
outputs; or the two outputs connected in series
and referred to a common bus for tracking.

SIAVE TRACKING LRROR:

During tracking operation, the slave supply is
matched to within 0,2% *2mV of the master sup-
ply.

REMOTE VOLTAGE PROGRAMMING:

All programming terminals on rear barrier
strips.

Constant Voltage - 1V/volt,

constant Current - 1V/ampere,

REMOTE RESISTANCE PROGRAMMING:
All programming terminals on rear barrier
strips.
Constant Voltage ~ 200 ohms/volt,
Constant Current ~ 1000 ohms/ampere.

OVERVOLTAGE PROTECTION CROWBAR:

During independent operation, each supply is
protected by its own crowbar., In the tracking
mode, an overvoltage in either supply results
in firing both crowbars, The minimum crowbar
trip setting above the desired operating output
voltage to prevent false crowbar tripping 1s 7%
of output voltage setting plus 1.5 voli, Nominal
trip voltage range is 5 to 55Vdc.

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

SIZE:
€-17/32" (16,59cm) H x 12-3/8" (31, 43cm)
D x 7-3/4" (19, 69cm) W,

FINISH:
Light gray panel with dark gray case,

1-3




SECTION i
INSTALLATION

2-1 INITIAL INSPECTION

2-2 Before shipment, this instrument was in-
spected and found to be free of mechanical and
electrical defects. As .oon as the :1strument is
received, proceed as instructed in the following
paragraphs,

2-3 MECHANICAL CHECK

2-4 If external damage to the shipping carton is
evident, ask the carrier's agent to be present
when the instrument is unpacked. Check the in-
strument for external damage such as broken con-
trols or connectors, and dents or scratches on the
panel surfaces., If the instrument is damaged, file
a claim with the carrier's agent and notify your
local Hewlett-Packard Sales and Service Office as
soon as possible (see list at rear of this manual
for addresses).

2-5 ELECTRICAL CHECK

2-6 Check the electrical performance of the in-
strument as soon as possible after receipt. Sec-
tion V of this manual contains performance check
nrocedures which will verify instrument uperation
within the specifications as stated in Table 1-1.
This check is also suitable for incoming quality
control inspection. Refer to the inside front cover
of the manual for the Certification and Warranty
statements.

2-7 REPACKAGING FOR SHIPMENT

2-8 To insure safe shipment of the instrument, it
is recommended that the package designed for the
instrument be used. The original packaging mate-
rial is reusable, If it is not available, contact
your local Hewlett-Packard field office to obtain
the materials, This office will aiso furnish the
address of the nearest service office to which the
instmument can be shipped. Be sure to attach a
tag to the instrument specifying the owner, model
number, full serial number, ‘and service required,
or a brief description of the trouble,

2-9 INSTALLATION DATA

2-10 The instrument is shipped ready for bench
operation, It is necessary only to connect the in-
strument to a source of power and it is ready for
operation,

2-1

2-11 LOCATION

2-12 This instrument is couvection zooled, Suf-
ficient space should be allotted so that a free flow
of cooling air can reach the top ar rear of the in-
strument when it is in operatior., It should be used
in an area where the ambient temperature remains
between 0°C and +55°€C,

2-13 OQUTLINE DIAGRAM

2-14 Figure 2-1 illustrates the outline shape and
dimensions of the Model 6227B and 6228B supplies.
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Figure 2-1. Qutline Diagram

2-15 RACK MOUNTING

2-16 The Mode! 5227B and 6228B power supplies
are submodular units, which, when vsed alone,
can be bench mounted only. However, when used
in combination with other submodular units, they
can be bench and/or rack mounted in the HP com~-
bining case which is specifically designed for this
purpose. The HP "Rack Adapter Frame" cannot be
used due to the weight of the instruments.

2-17 The combining case is a full-modul> unit
which accepts varying combinations of submodular
units, Since it is a full-module unit, it can be
bench or rack mounted analogous to any full-
module HP instrument. A cooling kit (see
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Paragraph 1-14 for HP Part No.) must be installed
at the rear of the combining case when operating
either one or two Model 62278 or 6228B power
supplies in the case. Instructions for installing
the Model 6227B or 6228B power supplies in the
combining case are given in Figure 2~2.

2-18 To 1.~k mount the combining case in a stan-
dard rac.  >roceed as follows:

a. Remove gray plastic trim strips (glued
on) at each side of case by inserting thin screw-
driver ai edge or top of strip and prying gently
away from zase,

b. Attach rack ears {fumished with each
combining case) to side of case using screws sup~-
plied with ears.

Cc. Mount unit in rack, using standard
mouriting screws,

2-19 INPUT POWER REQUIREMENTS

2-20 This power supply may be operated continu-
ously from either a nominal 115 volt or 239 volt,
48-66Hz power source. The inpu* power required
when oprating from a 115 volt, 60Hz power
source at full load is 260 watts, 2.7 amperes.

2-21 115/230 VOLT OPERATION
2-22 A recessed, two-position slide switch lo-

cated on the lower rear panel permits operation
from either a 115 or 230 volt power source, Before

2-2

conr.ecting the instrument to the power source,
chec« that the white number visible on the switch
slide matches the nominal line voltage of the
source. If required, slide the switch to the other
positicn using a thin-bladed screwdriver,

2-23 When the instrument leaves the factory, the
proper fuse is installed for 115 volt operation. An
envelope containing a fuse for 230 volt operation
is attached to the instrument. Markings on the
lower rear panel adjacent to the fuse holder indi-
cate the correct fuse rating for operation from
either a 115 volt or a 230 volt power source. Make
sure that the correct fuse is installed if the LOSsi-
tion of the slide switch is changed.

2-24 POWER CABLE

2-25 To protect operating personnel, the National
Electrical Manufacturers' Association (NLMA) rec-
ommends that the instrument panel and cabinet be
grounded, This instrument {s equipped with a three
conductor power cable. The third conductor is the
ground conductor and when the cable is plugged
into an appropriate receptacle, the instrument is
grounded, The offset pin on the power cable's
three-prong connector is the ground connectio:,

2-26 To preserve the protection feature when op-
erating the instrument from a two-contact outlet,
use a three-prong to two-prong adapter and con-
nect the green lead on the adapter to ground,



SECTION il
OPERATING INSTRUCTIONS

Figure 3-1,
3-1 TURN-ON CHLCKOUT PROCEDURE
3-2 The following checkout procedure describes

the use of the front panel controls and indicators
{Figure 3-1) and ensures trat the supply is opera-
tional. This procedure should be performed with
no load connected to the supply,

a., Set both meter switches @ to VOLTS,
set mode switch (2) to INDEPENDENT, rotate both
CROWBAR ADJUST controls @ (screwdriver ad-

.. just) fully clockwise, and rotate both sets of CUR-
RENT controls to middle of range (black knobs
are coarse controls, red knobs are fine controls).

b. Set LINE switch @ to ON, and observe
that pilot lamp @ lights,

c. Adjust both sets of VOLTAGE controls

@ (black knnbs are coarse controls, red knobs
are fine controls) until desired output voltages are

‘ indicated on meters .

3-1

Operating Controls and Indicators

d. To ensure that overvoltage crowbar cir-
cuit is operational, rotate each OVERVOLTAGE AD-
JUST control counterclockwise until associated
supply crowbars, Output voltage of each supply
will fall to approximately one volt,

e. To deactivate each crowba:, retum its
OVERVOLTAGE ADJUST control to maximum ciock-
wise position and turn off supply. Turn supply
back on and output voitages should again be value
obtained in Step (c).

f. To check out constant current circuit,
turn off supply. Short circuit both sets of front
panel output terminals (plus to minus), rotate both
sets of VOLTAGE controls to middle of range, set
both meter switches to AMPS, and turn on supply.

g. Adjust both sets of CURRENT controls
until desired output currents are indicated on
meters,

h. To check out tracking mode of operation,
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U LT AT E
Z.Tolerminass, rotate Lotn con-
trois te middie of range, rotate Loth sets of YGLT-
AC’. controls fully counterclorkwise, set toth
meter switches to VOLTS, connect jumper between
minus output terminal of left supply and plus out-
put terminal of right supply as shown on front pan-
el, and set mode switch to TRACKING.,

i, Turn on supply and adjust left {master)
set of VOLTAGE controls until desired output volt-
age is indicated on both meters,

j. To check out cneration of overvoltage
crowbar in tracking mode, rotate either OVFRVOLT-
AGE ADIUST control until both supplies crowbar,
Qutput voltage of both supplies will fall to ap-
proximately one volt,

k. To deactivate both crowbars, return
OVERVOLTAGE ADJUST control to maximum clock-
wise position and turn off supply, Turn supply
back on and both output voltages should again be
value obtained in Step (i),

l.  Tum off supply and read following para-
graphs before connecting acutal load to supply.

CLt -

supply, o

sets of DURNENT

3-3 BASIC OPERATING MODES

3-4 The instrument has two basic modes of op-
eration: INDEPENDENT, in which the instrument
functions as two completely separate power sup-
plies, and TRACKING, in which the instrument
‘functions 4s a single power supply having two op-
posite polarity, tracking outputs, Either of these
two modes can be selected by simply changing the
position of the front panel mode switch. Addition-
al operating modes such as remote programming in
the TRACKING mode and series-parallel connec-
tions in the INDEPENDENT mode can be selected
by making strapping connections between particu-
lar terminals on the terminal strips at the rear of
the instrument (refer to Paragraphs 3-39 and 3-50).
The following paragraphs describe the procedures
for utilizing these various operational capabilities
of the instrument, A more theoretical description
of the operational features of the two power sup-
plies is contained in Application Note 90A, Power
Supply Handbook (available at no charge from your
local Hewlett-Packard sales office). Sales office
addresses appear at the rear of the manual,

3-5 INDEPENDENT OPERATION

3-6 The instrument functions as two completely
independent power supplies when the front-panel
mode switch is in the INDEPENDENT position, In
this mode the operating procedures for each sup-
ply are identical, and thus the following para-
graphs describe procedures for one supply only,

3-7 The instrument is normally shipped with
each supply's rear terminal strapping connections
arranged for constant voltage/constant current,

3-2

.....

gt ittt )
TOnstant e : 3 Tunstan o rre e H
the iront pane!l controls (local Lrov ynning: no
strapping changes are necnassary),

Al A2 A3 A4 A5 A6 AT -S -

+ +5 A8
T

Figure 3-2. Normal Strapping Pattern

3-8 CONSTANT VOLTAGE
3-9  To select a constant voltage output, proceed
as follows:

a. Turn on power supply and adjust YOLT-
AGE controls (with meter switch in YOLTS position)
for desired output voltage with output terminals
open,

b, Short circult output terminals and adjust
CURRENT controls (with meter switch in AMPS po-
sitzon) for maximum output current allowable {cur-
rent limit), as determined by load conditions. If
a load change causes the current limit to be ex-
ceeded, the power supply will automatically cross
over to constant current output at the preset cur-
rent limit and the output voltage will drop propor-
tionately. In setting the current limit, allowance
must be made for high peak currents which can
cause unwanted crossover, (Refer to Paragraph
3~79.)

3-10 CONSTANT CURRENT

3-11 To select a constant current output, proceed
as follows:

a. Short circuit output terminals an< adjust
CURRENT controls (with meter switch in AMPS po~
sition) for desired output current,

b, Open circuit output terminals and adjust
VOLTAGE controls (with meter switch in YOLTS po-
sition) for maximum output voltage allowable (volt~
age limit), as determined by load conditions. If a
load change causes the voltage limit 10 be ex-
ceeded, the power supply will automatically cross
over to constant voltage output at the preset volt-
age limit and the output current will drop propor-
tionately. In setting the voltage limit, allowance
must be made for high peak voltages which can
cause unwanted crossover, (Refer to Paragraph
3-79.)
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fbl ({CROWEAR ADJUST) on the frore 2. L,
; nom.nal i voltage range 15 as foilows olooe
/se rotaticn of tne control produces mgnar r.p
Moliages):
02278 5 to 28Vic
62238 51t S.;Vu

To adjust the trip point, proceed as foilows:
a. Turn CROWRBAR ADJUST cuntrol t.1iy
clockwise and turn on sugpply,

L, Set cutput voltige to desired iy wolt-
age,
¢. Turn CROWBAR ADJUST control slowl

counterclockwise until crowbar is tripped (velr-
meter falls to one volt or less),

d.  Turn off supply and turn down output
voltage,

e, Turn on su pplu and set desired
output voltage.

uperating

3-14 False crowbar tripping must be const lored
when adjusting the trip point, If the tip voltuge
Is set toe cicse to the operating output voltage of
the supply, 3 ransient i e output or loas will
falsely trip the crowbar. [t 1s recommende: 1t
the crowbar trip voltage pe set higher than the cp-
erating output voltage by 77 plus 1,5 volts,

3-15 QOperating Characteristics., “When the CIGw-
bar trips, the supply output 1s shorted by an SCR,
The output voltage then falls to one volt or less
(the forward voltage drop of the SCR), and the cur-
rent supplied to the load falls 1o essentially zero,
Note that once the crov.bar 1s tripped,
ter indicates the current flowing through the SCR.
This current 1s determined by the setting ©f the
CURRENT controls, just as it would be if an exter-
nal short were councected across the output term
nals, If the CURRENT controls are set to A very
low level (less than 0,05 ampere), tne curiern:
supplicd to the SCR w .en the crowb.ar tps gy
not be enough to keep the SCR con: iucting, In this
casc, the crowbar will oscillate, and the output
voltage will cycle between zero and the crowbar
trip level, This condition can be preveati: by
setting the CURRENT contrals ar g whigitly Migher
level.

the gmme-

3-16 Crowbar Reset. The crowbar may be reset
by either of two methods, If the crowbar tripped
duc.to a transient in the output or load, it can be
reset by simply turning the power switch off and
then on again. The crowbar can also be resat in
this manner if it tripped due to the application of
an external voltage higher (han the output voltage
across the output terminals, If the crowbar 17 ipped
due to accidentally setting the output voltage
higher than intended, it can be reset Ly turning

3=l Tl g L ii e cunne oLt

SURELY LulhLt vis (rontoor seart el g
rater '\-li"7 SR S
mutual coupiling i

tawn full advantage

RO SRS
¢ty

Of e low vutput smes tasa v

e s, THy el

wrtween ot gnr e

the power sapply. Yach panr of connect EUIEE
should Le a3 short s possible and wiste §or
shielded to reqfucs noise pirckup, (19 o cateise

palr 1s used, connect the shield (o grewr gt 0o
power supply and lrave the other oned Lrcunnected,

3-1% i loud consider ions reguire that e ootpo
power districution terminals Be roemote v teo ate §
from the power supply, then the power sopg v o oe
put terminals should be cunnected to t™hie 1e=ote
distribution terminals vio o pan of twisted ur

shilelded wires and cach load shoul e o poatate s
cennected 1o the remote distribution teeniels,  For
this case, remote sensing should be Lsei  (Beter

to Paragraph 3-ul.)

3-20 Positive or negative voltage: can te uit i
from th supply by grounding etther one of trne o ute
put terminals or one end of the joard, Aba AR
wo leads to conaect the load to tae s;rr!; o=

Gardless of where the setup 1s groen &5, w1l
eltminate any possiutlity of output currest g
paths through the powes scurce grosun 3, T ISITEE N

€an also be uperated up o 30 de
nesther output terminal s arounded,

LN aragnd it

3-21 OPERATION BEYOND RATTD CUTry-
3-22 The shaded areas of the front i
faces indicste the approddmate amoe.n: o 0L
voltage or current that may be avarlacie

of 1ne normal rated output,  Althouan tne sonpte
Can be operated i these shaded pea,.
bueing damaged, 1t Lo guarantcen oo e L)
of 11s performance specitications,
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3-23 TRACKING OPERATION

=24 When operated in the tracking no s
ranel mode switch 1n TRACKING posItius ),
strument functions a3 o single power supuis
equal magnitude positive and HTCTER FE ERCRROTEE S
ages, both referted 1o 3 common bus, tr ergs
the output of the right supply (slaw) tAC s 1
output of the left supply {master) 1o within 0,27 ¢
2mv,
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3-25 CONSTANT VOLTAGE

3-26 The VOLTAGE controls on the master supply
set the output voltage of both the master At TR
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for mach s " “hen e instru-
ment 1s used n the tracking mode, neither supply
is capeavle of tre constant current operation—the
CURRENT controls set a gross current limit only,
To select a constant voltage output, proceed as
follows:

a. Set mode switch to TRACKING, connect
jumper between negative output terminal of left
supply and positive output terminai of right supply
as shown on front panel, tum on power supply,
and adjust left (master) VOLTAGE controls for de-
sired output voltage on master and slave.

b, Short circuit each pair of output termi-
nals and adjust eazh set of CURRENT controls for
maximum output current allowable for each supply
(current limit), as determined by load conditions,
If a load change causes the current limit on the
master to be exceeded, the supply will automati-
cally cross over to current limited operation at the
preset current limit and the master output voltage
will drop proportionately. Note that since the
slave will exactly follow every change in output
voltage of the weuster, the slave voltage will also
drop by the same amount. However, if 3 load
change causes the current limit on the slave to be
exceeded, the slave will automatically cross over
into current limited operation (slave output volt-
age will drop proportionately) without having any
effect on the master.

3-27 It must be understood that the slave will
follow one-for-one every change in output voltage
of the master. For example, if a load transient
causes the master output volage to change, the
same change will appear in the slave output volt-
age, even though there was no transient in the
load connected to the slave, or even if there was
no load connected to the slave at all, Similarly,
any variation in programming speed, stability, or
other master supply parameter will appear in the
slave supply's output,

3-28 CONNECTING LOAD

3-29 Only the front output terminals can be used
when the supply is in the tracking mode. Because
sensing is accomplished at the front terminals
when the supply is in the tracking moce, the sup-
ply will not meet the tracking or reguiation speci-
fications if loads are connected to the rear termi-
nals.

CAUTION

Tracking operation is not possible

with lcads connected to the rear ter—
minals, Do not switch from indepen-
dent to tracking mode when loads are

TN I0ar cutpLt 1arTminais,
mode switcn pesition un-
der these Circumstances may result in

3-30 For correct operation in the tracking mode, a
jumper capable of carrying the full output current
of the supply must be connected between the neg-
ative cutput terminal of the left supply and the
positive output terminal of the right supply, as
shown on the front panel. If this jumper is not
connected when the instrument is used in the
tracking mode, the supply will not meet its track-
Ing specifications. In addition, the programming
speed of the right supply (slave) w.ll be much
slower, and the supply may oscillate under certain
load conditions,

3-31 The minus output terminal of the master (le‘t)
supply should be used as the common output termi-
nal for the positive and negative output voltages,
Using the slave positive terminal as the common

“terminal will result in regulation degradation due

to the small but fihite resistance of the wire con-
necting the two terminals, Each pair of loads
should be connected to the power supply cutput
terminals using separate sets of three wires. Fach
set of connecting wires should be as short as pos-
sible and twisted or shielded to rr fuce noise pick-
up. (If shielded three-ccaductor o .ble is used,
connect the shield to ground at the power supply
and leave the other end unconnected.)

3-32 If load considerations require that the output
power distribution terminals be remotely located
from the power supoly, ther the power supply out-
put terminals should be connected to the remote
distribution terminals via three twisted wires or a
three-conductor shielded cable and each load
should be separately connected to the remote dis-
tribution terminals, Note, however, that since
remote sensing cannot be used when the instrument
is operated in the tracking mode, the leads to the
distributior terminals should be relatively short if
degradation of the regulation specification is to be
avoided,

3-33 Anv one of the three output terminals (plus,
minus, or common) can be grounded, However,
three leads should always be used to connect the
loads, regardless of where the setup 1s grounded,
This will eliminate any possibility of output current
return paths through the power source ground, If
none of the output terminals are grounded, the two
outputs can be floated at up to 300 volts total
above ground,

3-34 The instrument will function as one power
supply with twice the output voltage rating of one
of the single supplies if no connection is made to
the common terminal when operating in the tracking

Y —E 7 T Y MR ooy st
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e 2278 will supsly 0-59 velts it 2

D. /he 6228B will sunply 0-100 volis at 1
erp, possidle to set the meter switen on the

o volts and tiie meter switch on the slave to
§ and theredby achieve simultaneous monitor-
“the output voltage and current, Note that in
*onfiguration, the voltage reading on the

er's meter must be doubled to give the actual
put voltage,

-35 GVERVOLTAGE CROWBAR OFELRATION

£

j 3-36 The two crowbars are automatically connect-

ed for tandem operation when the mode switch is
in the TRACKING position. In this operating mode,
an overvoltage in either the master or the slave
supply results in the firing of both crowbars,

3-37 The trip point of each crowbar may be inde-
pendently adjusted by following the procedure in
Paragraphs 3-13 and 3-14, Note however, that if
an overvoltage transient causes one supply to
crowbar (output voltage falls to one volt or less),
the other supply will automatically crowbar, even
though it did not experience an overvoltage tran-
sient, For example, if the slave crowbar is set
for 10 volts ard the master crowbar is set for 15
volts, the output of both supplies will fall to one
volt or iess if the slave output exceeds 10 volts,

3-38 Reset of the two crowbars is accomplished
by following either of the two alternate procedures
detailed in Paragraph 3-16, Turning the power
switch off and on or turning the master voltage
control down to zero and up again will reset both
crowbars.

3-39 OPTIONAL OPERATING MODES
(TRACIING OR INDEPENDENT)

3-40 The following optional operaiing modes de-
scribe methods of programming the constant volt-
age outzutls) of the instrument in either the track-
ing or the independent mcde of operaticr. When
operating in the independent mode, the programming
procedures can be applied to either or both of the
independent supplies; when operating in the track-
ing mode, the procedures are to be applied to the
master (left} supply ornly, since programming the
master automatically programs the slave,

3~-41 REMOTE PROGRAMMING, CONSTANT VOLT-
AGE

3-42 The constant voltage output of the power
supply can be programmed {controlled) from a re-~
mote location if required, Either a resistance or
voltage source can be used as the programming
device, The wires connecting the programming

Gl Drogranonna

centrol terminals,
ren from the front pane. tor-

nolse proraL,
sources are conn
‘he output mus!
;nTnals when the supply is operated in the tracking
m_Ot.T: When the supplies are operated indepen-
dentiy, the output may be taken from the rear ter-
minals as shown in Figures 3-3 through 3-5. The
VOLTAGT controls are automatically disabled in the
following procedures,

3-43 Resistance Programming (Figure 3-3). In this
mode, the output voltage will vary at a rate detec. -
mined by the prcgramming coefficient of 200 ohms/
volt, The programming coefficient is determined by
the programming current. This current is factory
adjusted to within 10% of 5mA, If greater program-
ming accuracy is required, it may be achieved by
adjusting R16 as discussed in Paragraph 5-84.

‘Al_A2 A3 a4 AS A6 A7 -5 -

+ +S AB
T

+
2
Sut, S0V

R22
240, 172w

v

PROGRAMMING
RESISTOR

Figure 3-3. Remote Resistance Programming,

Counstant Voltage

3-44 When remote programmed in the tracking
mode, the output voltage of each supply should be
between zero and -60mV when zero ohms is con~
nected across the master supply remote program-
ming terminals. If the unit is operated in the in-
dependent mode, the master output voltace will be
the same as above (between zero and -£umV) when
zero ohms is connected across the master supply
remote programming terminals, while the slave out-
put voltage will be 0 + 19mV when zero ohms is
connected across its remote programming terminals,
The output voltage of each supply may be adjusted
to exactly zero under any of the above conditions
by adjusting potentiometer 1:24 on each supply as
described in Paragraph % -82.

3-45 To maintain the stability and temperature co-
efficient of the power supply, use programming re-
sistors that have stable, low noise, and low tem-
perature coefficient {less than 20ppm per degree
Centigrade) characteristics. Resistor-capacitor
combination R22-C2 should be connected across
the programming terminals as shown in Figure 3-3;
these components reduce ripple in the supply
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LS resisiance values in or-der 10 LLtain fiee
e output voltages, The switch shouls nawoe
"ke-before-break contacts to avold moementarily
[gfﬁacning the programming terminals during the
switching interval,

3-46 Voltage Programming, Unity Gain (Figure
3-4). Employ the strapping pattern shown in Fig-
ure 3-4 for voltage programming with unity gain,
In this mode, the output voltage will vary ina 1-to-
1 ratio with the programming voltage (reference
voltage) and the load on the projramming voltage
source will not exceed 20pA, Impedance matching
resistor (RX) is required to maintain the temperc~
ture coefficient and stability specifications of the
supply; resistor-capacitor combination R22-C2 is
required to reduce ripple in the supply output,

Al A2 A3 A4 A5 A6 A7 -S - + 45 AB
lololo |[clo]e]
R22 + :
c2
2an,v2w G2 %RL
———]
+ RX=1K
VOLTAGE
SOURCE
Figure 3-4. Remote Voltage Programming,

Constant Voltage (Unity Gain)

3-47 Voltage Programming, Variable Gain (Figure
3-5). The strapping pattern shown in Figure 3-5
can be utilized for programming the power supply
with variable voltage gain using an external volt-
age source. The output voltage in tais configura~
tion is fourd by multiplying the external voltage
source by (Rp/Rp).

3-48 External resistors Rp and RR should have
stable, low noise, and low temperature coefficient
(less than Z0ppn per degree Centigrade) character-
istics in order to maintain the supply's tempera-
ture and stability specifications. The values of
reference resistor LR and programming voltage
source Vg should be such that the value of Vs/Ry
is equal to or greater than 5mA, The value of re-
sistor Rp should not exceed 10Kn; the power rating
of resistor Rg should be at least 10 times the ac-
tual power dissipated in the resistor, Resistor-
capacitor combination R22-C2 should be connected
across the programming terminals as shown in Fig-
ure 3-5; these components reduce ripple 1n the
supply output, Note that it is possible to use the
front panel voltage control already in the supply

3-6
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SOURCE
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!§z sma (O MAX)

Figure 3-S5, Remote Voltage Programming,
Constant Voltage (Variable Gain)

3-49 The output voltage of the supply may be ad-
justed to exactly zero when the external program-
ming voltage is zero by adjusting potentiometer
R24 as discussed in Paragraph 5-82.

3-50 OPTIONAL OPERATING MODES
(INDEPENDENT ONLY)

3-51 The following optional programming modes i
describe methods of (1) programming the constant
current outputs, (2) remote sensing, and (3) con-
necting several supplier in Auto-~Series, Auto-Par-
allel, or Auto-Tracking arrangements. These pro-
cedures cre for use when the instrument is operated
in the independent mode only; they cannot be used
when the supply is operated in the tracking mode,

3-52 REMOTL PROGRAMMING. CONSTANT CUR-
RENT

3-53 Either a resistance or a voltage source can
b= used to control the constant current output of
the supply. The CURRENT controls on the front
panel are automatically disabled in the following
procedures,

3-54 Resistance Programming (Figure 3-6). In
this mode, the output current varies at a rate de-
termined by the programming coefficient as follows:

Model Programming Coefficient
6227B 500 ohms/ampere
6228B 1,000 ohms/ampere

The programming coefficient is determined by the
constant current programming current which is ad-
justed to within 10% of 1mA at the factory. If
greater programming accuracy is required, it may
be achieved by adjusting R2 as discussed in
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Figure 3-6. Remote Resistance Programming,

Constant Current

3-55 Use stable, low noise, low temperature co-
efficient (less than 20ppm per degree Centigrade)
programming resistors to maintain the power supply
temperature coefficient and stability specifica-
tions.

of output current, A make-before-break type of

switch should Le used since the output curre~t will

exceed the maximum rating of the power supply if
the switch contacts open during the switching in-
terval,

CAUTION

If the programming terminals (A4 and
A6) should open at any time during the
remote resistance programming mode,
the output current will rise tc a value
that may damage the power supply
and/or the load. Ii, in the particular
programming configuration in use,
there is a chance that the terminals
might become open, it is suggested
that a 1.1Kn resistor be connected
across the programming terminals.
Like the programming resistor, this
resistor should pe a low noise, low
temperature coefficient type. Note
thai wnen this resistor is used, the
resistance value actually programming
the supply is the parallel combination
of the remote programming resistance
and the resistor across the program=-
ming terminals,

3-56 Voltage Programming, Unity Gain (Figure
3-7). In this mode, the output current will vary
linearly with changes in the programming voltage.
The programming voltage should not exceed 1,1

A switch may be used to set discrete values

3-7

volt, Voltace o awoo s
eXCES3IVEe power

possible damasge.

11

3-57 The output curront varies at a rate determine !

by the programming coetticient as {ollows:

Model Programming Coefficient
62278 0.5 \'qlts/ampere
62283 1.0 volts/ampere

The current required from the voitage source wiil de
less than 20uA. Impedance matching resistor Ry is
required to maintainthe temperature coefficient and
stability specifications of the supply.

Al A2 A3 A4 A% A6 A7 -5 ~ + +S A8
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Figure 3-7, Remote Voltage Programmir.g,
Constant Current (Unity Gain)

3J-58 Voltage Programming, Variable Gain (Fiqure
3-8). The pcwer supply output curren. canr be pro-
grammed with variable gain using an external vglt-
age source by utilizing the strapping pattern shown
in Figure 3-8, In this mode, the output current is
found by multiplying the external voltage source
(VS) by [Rp/(RR X Kp)} , where Kp is the constant
currert vellage nrogramming coefficient as given in
Paragreph 3-57,

Al A2 A3 A4 A5 A6 A7 -S - + +S A8

klziglolelelelqlple]

Rp
GAIN
CONTROL ff -
Vs o VOLTAGE
=2 ima
RR " MAX) sos:cc

Figure 3-8, Remote Voltage Programming,
Constant Current (Variable Gain)

3-59 External resistors Rp and Rg should have
stable, low noise, and low temperature coefficient
(less than 20ppm per degree Centigrade)
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The values of reforence resistor Proand program-
ming voltage source Vs should ve such that the
value of VS/RR is equal to or greater than 1maA,

The value of resistor Ry should not exceed 10Kn;
the pover rating of resistor RR should be at least
10 times the actual power dissipated in the ,esis--
tor,  Note that it is possible to use the front panel
current control (R4A-R4E) as the Gain control (Rp)
by simply removing the external Rp and strapping
terminals A6 and A7 together.
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3-60 The output current of the supply may be ad-
justed to cxactly zero when the external program-
ming voltage is zero by adjusting resistor R5 or R7
as discussed in Paragraph 5-86,

3-61 REMOTE SENSING (Figure 3-9)

3-62 Remote sensing‘is used to maintain good
regulation at the load and reduce the degradation
of regulation which would occur due to the voltage
drop in the leads between the power supply and the
load. Remote sensing is accomplished by utiliz-
ing the strapping pattern shown in Figure 2-9,
Note that terminal A8 should be connected to tie
(+) terminal rather than +S, The power supply
should be turned off before changing strapping
patterns. The leads from the sensing (xS) termi-
nals to the load will carry much less current than
the load leads and it is not required that these
leads be as heavy as the load lzads. However,
they must be twisted or shielded to minimize
noise pickup,

Al A2 A3 a4 A5 A€ A7 ~S ~ 4 +S A8
° 7 LOL]}S
R
Figure 3-9, Remote Sensing

3-63 For reasonable load lead lengths, remote
sensing greatly improves the performance of the
supply. However, if the load is located a con-
sideraole distance from the supply, added pre-
cautions must be observed to obtain satisfactory
Operation, Notice that the voltaae drop in the
load leads subtracts directly from the avatlable
output voltage and also reduces the amplitude of
the feedback arror signals that are developed with-
in the unit, Because of these factors it is recom-
nended tnat the drop in each load lead not exceed

'
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NOTE

Due to the voltege drop in the load
leads, it may be necessary to readjust
the current limit in the remote sensing
mode,

3-64 Observance of the precautions in Paragraph
3-63 will result in a low dc output impedance at
the load, However, another factor that must be
considered is the inductance of long load leads,
This causes a high ac impedance and could affect
the stabilitv of the feedback loop seriously enough
to cause oscillation. In this case, it is recom-
mended that the following precautions be taken:

a. Disconnect output capacitor C1 by un-
strapping terminal A8,

b, Connect a capacitor having similar char-
acteristics (approximately the same capacitance,
the same voltage rating or greater, and having good
high frequency characteristics) across the load us~
ing short leads,

3-65 Although the strapping patterns shown in
Figure 3-3 through 3-8 employ local sensing, note
that it is possible to operate a power supply simul-
taneously in the remote sensing and constant volt-
age/constant current rerote programming modes,

3-66 AUTO-PARALLEL OPERATION (Figure 3-10)

3-67 Two or more power svpplies can be connect-
ed in an Auto-Parallel arrangement t> obta:in an
output current greater thau that available from one
supply. Auto-Perallel operation permits equal cur~
rent sharing under all load conditions, and allows
complete contrel of the output current frcm one
master power supply., The output current of each
slave will be approximately equal to the master's
output current regardless of the load conditions,
Bacause the output current controls of each slave
are operative, they should be set to maximum to
prevent the slave reverting to constant current cp-~
eration; this could occur if the master output cur-
rent setting exceeded the slave's,

3-68 Additional slave supplies may be added 1n
parallel with the master/slave combination., A!j
the connections between the master and slave #]
are duplicated between slave #1 and the added
slave supply, In addition, the strapping pattern of
the added slave should be the same as slave #1,
Remote sensing and programming can be used,
though the strapping arrangements shown in Figure
3-10 show locatl sensing and programming. In or-
der to maintain the temperature coefficient and




stability specifications of tne power s.oply, the
external resistors {Ry) should be stable, iow noise,
low temperature coefficient (less than 2%ppm per
degree Centigrade) resistors. The power rating of
Rx should be at least 10 times the actual power
dissipated in the resistor,

Riglelelzlzloleiolgiale

Ry * 50011
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Figure 3-1C, Auto-Parallel Operation, Two Units

3-69 The overvoltage crowbar circuit in each sup-
ply operates independently; no provision is includ-
ed for allowing the master crowbar to trigger the
slave crowbar, However, since the supplies are
in parallel, the crowbars are effectively in paral-
lel, and if one crowbar fires, it will by necessity
short out both supplies, Thus it is only necessary
to set one CROWBAR ADJUST control; the other
control can be turned fully clockwise,

3-70 AUTO-SERIES OPERATION (Figure 3-11)

3-71 Two or miore power supplies can be operated
in Auto-Seric. s to obtain a higher voltage than that
available from a single supply. When this con-
nection s used, the output voltage of each slave
supply varies in accordance with that of the master
supply; thus the total output voltage of the com~
bination is determined by the setting of the front
panel VOLTAGE controls on the master. The master
supply must be the most positive supply of the
series, The output CURRENT controls of all series
units are operative and the current limit is equal
to the lowest control setting, If any of the output
CURRENT controls are set too low, automatic
crossover to constant current oper.tion will occur
and the output voltage will drop. Remote sensing
and programming can be used, though the strapping
arrangements shown in Figure 3-11 show local
sensing and programming,

3-72 In order to maintain the temperature coeffi-
clent and stability specifications of the power

3-S

supply, t. . external resistors (Ry) shown > Figure
3-11 snould be stable, iow noise, low temperature
coefficient (less than 20ppm per decree Centigrade)
resistors. The value of Ry is the maximum voltage
rating of the master supply divided by the voltage
programming current of the slave supply (1/Kp
where Kp is the voltage programming coefficient).
The power rating of Ry should be at least 10 times
the actual power dissipated in the resistor. The
voltage contribution of the slave is determined by
its voltage control setting.
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Figure 3-11, Auto-Series Operation,
Two and Three Units

3-73 The overvoltage crowbar circuit in each sup-
ply operates independently; no provision is in-
cluded for allowing the master crowbar to trigger
the slave crowbar. The CROWBAR ADJUST



potentiomatar 1t each supply shoula we dojuies
SO that it trips at a point slightly above the output
veltage that the supply will contribute, Note that
since a portion of the master supply acts as the
reference that sets the output level of the slave,
if the master supply crowbars, the total output
voltage of the combination will drop to approxi-
mately zero, However, the reverse is not true—if
the slave crowbar trips, the total output voltage of
the combination will drop only to the level of the
master supply.

3-74 AUTO-TRACKING OPERATION (Figure 3-12)

3-75 The Aute-Tracking configuration is used
when several different voltages referred to a com-
mon bus must vary in proportion to the setting of a
particular instrument (the control or master), A
fraction of the master's output voltage is fed to
the comparison amplifier of the slave supply, thus
controlling the slave's output, The master must
have the largest output voltage of any power sup-
ply in the group, it must be the most positive
supply in the example shown in Figure 3-12.

3-76 The output voltage of the slave (Eg) is a
percentage of the master's output voltage (Epm),
and is determined by the voltage divider consigt-
ing of Rx and the voltage control of the slave sup-
ply, Rp, where Eg = Epm E?p/(RX + Rp)] . Remote
sensing and programming can be used (each sup-
ply senses at its own load), though the strapping
patierns given in Figure 3-12 show only local
sensing and programming. In order to maintain the
temperature coefficient and stability specifications
of the power supply, the external resistors (Ry)
should be stable, low noise, low temperature co-
efficient (less than 20ppm/OC) resistors. The
value of RX is found by multiplving the voltage
programming coefficient of the clave suppiy by the
desired difference between the master supply volt-
age and the slave supply voltage,

3-77 The overvoltage crowbar circ.it in each unit
is operable and independently monitors the voltage
across its own load, Notice that if vhe master
supply crowbars, the output voltage cf each slave
will also fall to approximately zero, i{owever, the
reverse is not true, If one of the slave units
crowbars, the other supplies in the ensemble will
not be affected,

3-78 SPECIAL OPERATING CONSIDERATIONS
3-79 PULSE LOADING

3-80 The power supply will automatically cross
over from constant voltage to constant current op-
eration, or the reverse, in response to an increase
{over the preset limit) in the output current or volt-
age, respectively, Althcugh the preset limit may
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Figure 3-12. Auto-Tracking Operation,
Two and Three Units

be set higher than the average output current or
voltage, hich peak currents or voltages (as occur
in pulse loading) may exceed the preset limit and
cause crossover to occur, If this crossover limit-
ing Is not desired, set the preset limit for the peak
requirement and not the average,

3~-81 OUTPUT CAPACITANCE

3-82 An internal capacitor {C1) connected across

the output terminals of the power supply, helps 1o
supply high~current pulses of short duration during
constant voltage operation. To reduce current



surges, tnis capacitor can oo remeye-l Dy ounstrap-
eing terminal A8. Any capacitance asded externai-
ly will improve the pulse current capability, out
will decrease the safety provided by the constant
current circuit. A high-current pulse may damage
load components before the average output current
is large enough to cause the constant curreat cir-
cuit to operate.

3-83 The effects of the output capacitor.during
constant current operation are as follows:

a. The output impedance of the power sup-
ply decreases with increasing frequency,

b. The recovery time of the output voltage
is longer for load resistance changes.

c. A large surge current causing a high pow-
er dissipation in the load occurs when the load re~
sistance is reduced rapidly.

3-84 REVERSE VOLTAGE LOADING

3-85 A diode (CR2) is connected across the output
terminals., Under normal operating conditions, the

the megative terminal), the diode will coniuct,

shunting current across the output torm is ang
limiting the voltage applied across the outpui ter-
minals to the forward voltage drop of the dicde.
This diode prectects the series transistors and the

outout electrolytic capacitors.

3-86 REVERSE CURRENT LOADING

3-87 Active loads connected to the power supply
may actually deliver a reverse current to the pow-
er supply during a portion of its operating cycle,
An external source cannot be allowed to pump cur-
rent into the supply without loss of requlation and
possible damage to the output capacitor. To avoid
these effects, it is necessary to preload the sup-
ply with a dummy load resistor so that the power
supply delivers current through the entire opera-
tion cycle of the load device.




SECTION 1V
PRINCIPLES OF OPERATION

DRIVER AMPL.

+12 4V
REFERENCE |—am +6.2v N
——
SUPPLY L. e 62y —<
CONSTANT
‘ CURRENT
T—’ COMPARATOR
+20V UNREG.
AC POWER R BiAS CURRENT 27
INPUT TRANS, SUPPLY a3y l CONTROLS "%
2,
RECL“;'E" SERIES A -
’ FILTER REGULATCR RIO
CURRENT Tes
CONSTANT SAMPL ING
VOLTAGE RESISTOR +S,
COMPARATOR
GATE
MIXER AND 1

CRa

—*lovervoLTace

PROTECTION
CROWBAR

METER
ClRCuyIY

VOLTAGE
CONTROLS

NOTE —

e DENOTES CONSTAMT VOLTAGE FEEDBACK PATH
————m— DINOTES CONSTANT CURRENT FEEDBACK PATH

'Q

Figure 4-1,

4-1 OVERALL BLOCK DIAGRAM DISCUSSION
4-2 TFigure 4-1 shows one section of the Model
6228B dual power supply. The instrument consists
of two identical, independently adjustable, dc
power cupplies in a half-rack case. The supplies
may be operated in either the indeper:dent mode or
the tracking mode, depending on the position of
the front-panel mode switch. The following dis-
cussion describes the theory of operation of only
one of the two supplies, since both are identical.
The tracking mode of operation is treated separate-
Ty from the internal theory of operation of the sup-
plies,

4-3 The ac line voltage is first applied to the
power transformer, after which it is rectified and
filtered. The resulting raw dc is then fed to the
series regulator, which varies its conduction to
obtain the proper output voltage or current.

4-4 The series regulator is part of a feedback

4-1

Overall Block Diagram

loop consisting of the mixer and driver amplifiers
and the constant vuitage/constant current ~ompara-
tors. During constant voltage operation the con-
stant voltage comparator continuously compares the
output voltage of the supply with the drop across
the VOLTAGE cou.trols, If these voltages are not
equal, the comparator produces an amplified error
signal which is further amplified by the mixer and
driver amplifiers and then fed back to the series
regulator in the correct phase and amplitude to
counteract the differcnce. In this manner, the
constant voltage comparator helps to maintain a
constant output voltage and also generates the er-
ror signals necessary to set the output voltage at
the level established by the VOLTAGE controls.

4~5 During constant current operation, the con-
stant current comparator detects any difference be-
tween the voltage drop developed by the load cur-
rent flowing through the currevt sampling resistor
and the voltage across the CURRENT controls. If
the two inputs to the comparator are momentarily



unequal, an error signal is genecrated wnich {after
amplification) alters the conducticn of the series
reqgulator by the amount necessary *o reduce the
crror voltage at the comparator inpu: to zero.
Hence, the IR drop across the current sampling
resistor, and therefore the output current, is
maintained at a constant value,

4-6 Since the coastant voltage comparator tends
to achieve zero outptt impedance and alters the
output current whenever the load resistance
changes, while the constant current comparator
Causes the output impedance to be intinite and
changes the output voltage in response to any
load resistance change, it is obvious that the two
comparison amplifiers cannot operate simultaneous~-
ly. For any given value of load resistance, the
power supply must act either as a constant voltage
Source Or as a constant current source — it cannot
be both.

4-7 TFigure 4~2 shows the output characteristic
of a constant voltage/constant current power sup-
ply. With no load attached (Rf = ), Ioyt = 0,
and EQyT = Eg, the front panel voltage control
setting. When a load resistance is applied to the
output terminals of the power supply, the output
current increases, while the output voltage re-
mains constant; point D thus represents a typical
constant voltage operating point. Further de-
Creases in load resistance are accompanied by
further increases in IoyT with no change in the
output voltage until the output current reaches Is,
a value equal to the front panel current control
setting. At this point the supply automatically
changes its mode of operation and becomes a con-~
stant current source; still further decreases in the
value of load resistance are accompanied by a drop
in the supply output voltage with no accompanying
change in the output current value. With a short
Circuit across the output load terminals, Iout = Ig
and EOUT = 0,

4-8 The “crossover" value of load resistance can
be defined as R = Eg/lg. Adjustment of the front
panel voltage and current controls permits this
“crossover” resistance R to be set to any desired
value from 0 to ». If Ry is greater than Rc, the
supply is in constant voltage operation, while if
RL is less than Rc, the supply is in constant cur-
rent operation.

4-9  The reference supply provides stable refer-
ence voltages used by the constant voltage com-
parator, the constant current comparator, and the
mixer amplifier. Less critical operating voltages
are provided by the bias supply,

4-10 The meter circuit provides a continuous in-
dication of the output voltage or current of the
supply; ihe output voltage is sensed directly
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Figure 4-2,

across the sensing terminals, while the output cur-
rent is sensed by monitoring the IR drop across tne
current sampling resistor.

4-11 The overvoltage protection crowvar monitors

the output of the supply, and if 11 cxceeds a preset
(adjustable) threshold, fires an SCR which applies
a virtual short circuit across the supply, thus re-

ducing the outpu: voltage to approximately zero,

4-12 DETAILED C!RCUIT ANALYSIS
4-13 VOLTAGE FEEDBACK LOOP

4-14 The voltage feedback loop functions to main-
tain the output voltage of the supply constan:. For
the purposes of this discussion, assume that the
output voltage instantancously rises (qoes'pusirive)
due to a change in the external load circuit., The
change may be in the form of a slow rise in the out-~
put voltage or a positive-going ac signal; tae slow
voltage change is coupled to a summing point A2
through VOLTAGE centrol R27, while the ac iz
is coupled to A2 through capacitor Cc2.

4-15 The rise in output voltage causes the volt-
age at terminal A2 and thus pin 1 of the constant
voltage comparator to decrease (go negative), The
constant voltage comparator then decreases its
conduction, and its output voltage rises. This
positive-going error voltage is coupled through
OR-gate diodr CR8, amplified and inverted by mix-
er amplifier Q5, amplified further by pre-cdriver
Q6, and then fed to the series regulator via emitter
follower Q7. This negative-going inpu: causes the



series transistors to decrease their conductiorn sc
that they drop more of the raw dc input voltage,
thus reducing the output voltage to the criginal
pre-disturbance level,

4-16 CURRENT FEEDBACK LOOP

4-17 1If the external load resistance decreases he-
low the "crossover” point discussed in Paragraph
4-8, the supply will operate in the constant cur-
rent mode. In this mode, the feedback loop func-
tions to maintain the output current at a constant
level, For the purposes of this discussion, as-
sume that the output current instantaneously rises
{goes positive) due to a change in the external
load circuit, This current change causes the volt-
age across the current sampling resistor to rise;
this rise 1s coupled through CURRENT control R4 to
summing point A6 and thus to pin 4 of the constant
current comparator, The comparator then decreases
its conduction, and its output voltage rises. This
positive going error voltage is coupled through OR-
gate diode CR9Y to mixer amplifier Q5. At this poin:
the voltage and cucrent feedback loops are joined;
as discussed in Paragraph 4-15, the positive-going
error voltage is amplified, inverted, and fed to the
series regulator. The series regulator thus de-
creases its conduction and returns the output current
to the original pre-disturbance level.

4-18 SERIES REGULATOR

4-19 The series regulator consists of transistors
Q8 through Q1ll. The regulator serves as the
series or "pass"” element that, by varving its con-
ductance in accordance with error signals produced
by the constant voltage and constant current com-
parators, provides precise control of the output
voltage and current,

4-20 The regulator utilizes a "power sharing" cir-
cuit that results in considerably less internal pow-
er dissipation than would be present in a stancdard
single-stage regulator, Th-is saving in dissipation
is achieved by dividing the output of the supply in-
to two regions (0-26V and 26-50V), and using sep-
arate raw-dc supplies for each region. Maximum
d.ssipation in any single-stage regulator circuit
occurs when the supply is short-circuited at full
output current; under this conditizcn, tho ontire
raw~-dc voltage must be dropped across the series
regulator while it is conducting the full output cur-
rent. It can be seen then that if the raw-dc volt-
age is made as low as possible when the supply is
operating at a low output voltage, the power dis-
sipated in the series regulator will be minimized,

4-21 The rectifier and filter _ection of the power
supply uses a tapped full-wave bridge circuit to
obtain two raw-dc supply voltages; these are rep-
resented by two independent sources in Figure 4-3.

4-3
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Figure 4-3, Series Regulator, Simplified Schematic

Switching between the two sources is accomplished
hy diodes CR13 and CR14, 1In order to best visual-
ize the action of these diodes, the circuit will be
analyzed in two separate conditions — high output
voltage, ancd low output voltage., (Tor the purpose
of this discussion, assume that the diode tonvard
voltage drops and the base-emitier junction volt-
ages are all 1V when forward biased, and that the
voltage across zener diode VR3 is 4 volts.)

4~22 At a low output voltage (point @ = 19V),
transistors Q8 and Q9 are conducting; this requues
point to be at 11V, Zener diode VR3 (biased
through R75) thus places the base of Q1" ind Ql1
(point ) at 15V, Resistor R71 keeps QlU and
Q11 conducting at least a certain minimum current
at all times; thus point is at 14V, Diode CRI13
must be either on or off; if it were on, point @
would be at 13V, Since the anode of CR14 {point

) is always at 30V, this condition is not pos-
sible, and CR13 must be off. Thus CR1l4 is on.
point is at 29V, and the 30V raw-dc source is
supplying the load. The power dissipation in Q8
and Q9 is thus approximately 19 watts {19V drop
between points @ and times 1A load current),

4-23 At a high output voltage (point @ = 50Y),
transistors Q8 and Q9 are again conducting and

@ is at 51V. Point (3) is thus at 33V due
to zener diode VR3; point is at 54V because (as
before) Q10 and Q12 are always conducting at least
a certain minimum current., Again diode CR13 must
either be on or off; since point is at 30V, CR13
muz* be on and CR14 must be off (point = 33V},
Thus the 60V raw-dc source is supplying the load,
The switching point between the two ranges occurs
when the voltage at point equals that at point

@ (30V); this occurs when the output is 26V.

point

4-24 Figure 4~-4 illustrates the operation of the
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series regulator from a power dissipation point of
vizw, When the output voltage is between z=ro
and 26 volts, transistors Q8 and QS are controlling
the output. In this region, the power dissipation
of Q10 and Q1! is very low (approximately 1W),
since the only current going through them is that
flowing through R71. When the output voltage is
between 26 and 50 volts, most of the regulaior
dissipation cacurs in transistors Q10 and Q11.
Note, however, that in this region these transis-
tors serve as variable dissipative elements rather
than control elements. The actual regulating ac-
tion is, as in the lower output voltage range, per-
formed by Q8 and Q9, operating at an approximate
power dissipation of 3W. (In this region, VR3
maintains point at a constant 3V higher than
point » resulting in 3V x 1A = 3W power dis-
sipation in Q8 and Q9.)

4-25 The obvicus advantage in this tvpe of regu-
lator circuit is the saving in power dissipation,
Consider the case discussed in Paragraph 4-22,
where the supply output is 10 volts at 1 amp, and
the regulator is dissipating 19 watts,
used a convenuonal single-stage regulator, the
raw-dc source would have to be approximately 60V
(20% higher than the maximum rated output voltage
of 50V). The power dissipated by the regulator
would therefore be the voltage drop across it (50
volts) times the current conducted (1a), or 50
watts! The use of the power sharing regulator thus
represents a power dissipation saving (in this par-
ticular case) of more than 160%,

4-26 Several series regulator components not
shown in Figure 4-3 for the sake of clarity can be
seen in Figure 7-7 (the foldout schematic diagram),
Resistors R68~R69 and R73-R74 allow high output

If the supply

curments ¢ be shared equally by the series regu-
lating transistors; capacitor C5 prevents oscillation
when switching between raw-dc sources. Resistor
R72 mirimizes ouiput overshoot at turn-on and
turn-off Ly serving as an alternate path for the
serics regulator drive current that normally flows
through zener diode VR3. TFuse F2 provides protec-
tion for the power transformer and rectifier diodes
in the eventi of failure (short circuit) of the series
rcgulator transistors. In this situation, the crow-
bar will trip due to the higher-than-normal output
voltage; up to 2A will then flow from the power
transformer secondary winding supplying the defec-
tive supply, If no outpat current is being drawn
from the other supply, the primary fuse will not
blow since when viewed from the primary, 2A from
one secondary and 0A from the other is the same as
1A from each secondary. Fuse F2 is thus provided
to prevent damaging the power transformer by draw-
ing twice the rated current from one secondary
winding.

4-27 CONSTANT VOLTAGE COMPARATOR

4-28 The constant voltage comparator consists of
the programming resistors (R27A and R27B) and a
differential amplifier stage (Z1 and associated
components). An integrated circuit is used for the
differential amplifier in order to minimize differen-
tial voltages due to mismatched transistors and
thermal differentials, :

4-29 The constant voltage comparator continuously
compares the voliage drop across the VOLTAGE con-
trols with the output voltage and, if a difference
exists, produces an error voltage whosn amplitude
is proportional to this difference. The error signal
ultimately alters the conduction of the scries reg-
ulator which, in turn, alters the output current so
that the output voltage becomes equal to the volt-
age drop across the VOLTAGE controls. Hence,
through feedback action, the difference between the
two inputs to Z1 is held at zero volts,

4-30 One input of the differential amplifier {pin 10)
is connected tc the output voltage sensing terminal
of the supply (+S) through matching resistor R25.
Resistor R26 and potentiometer R24 provide a vari-
able input bias that allows the output voltage of the
supply to be adjusted to exactly zero when the sup-
plv is procgrammed for zero output. The other input
of the differential amplifier (pin 1) is connected to
a summing point (terminal A2) at the junction of the
programming resistors and the current pullout re-
sistors R1S and R16. Instantaneous changes in the
output voltage at the summing point due to manipu-
lation of the VOLTAGE controls or changes in the
external load circuit produce a difference voltage
between the two inputs of the differential amplifier.
This difference voltage is amplified and appears at
the output of the differential amplifier (pin 12) as
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Atage which ultimately varies ti.e con-
£ the series regulator.

Resistor R20, in series with the summing-
/input to the differential amplifier, limits the
nt through the programming resistors during

id voltage turn-down. Diodes CR5 and CR6
event excessive voltage excursions {rom over-
ﬁriving the differential amplifier. Capacitor C2
f reduces output ripple at high output voltage levels
2 and prevents the gain of the feedback loop from
changing during manipulation of the YVOLTAGE con-
trols. Resistors 22F, Z2M, and ZZN bias the dif-
ferential amplifier; diode CR7 provides temperature
compensation,

4-32 During constant voltage operation, the pro-
gramming current flowing through the programming
resistors (VOLTAGE controls) is held constant be-
cause the-value of shunt resistor R16 is factory
selected to allow ail of the +6.2 volt reference to
be dropped across R15 and R16. Linear constant
voltage programming is thus assured with a con-
stant current flowing through R27A and R27B.

4-33 Main output capacitor C1 stabilizes the
series regulator feedback loop when the normal
strapping pattern shown on the schematic is em-
ployed. Note that this capacitor can be removed
(by unstrapping terminal A8) to avoid output cur-
rent surges or to increase the programming speed
of the supply. An additional output capacitor
{C13), connected across the front output terminals,
helps maintain a low ac output impedance by com-
pensating for the inductive reactance of the main
output capacitor at high frequencies. C13 also
prevents any spikes in the output from reaching
the load.

4-34 CONSTANT CURRENT COMPARATOR

4-35 This circuit is similar in appearance and op-
eration to the constant voltage comparator circuit,
It consists ol tie coarse and fine current controls
{R4A and R4B) and a differential amplifier stage

(21 and associated components). As in the con-
stant voltage comparator, an integrated circuit is
used for the differential amplifier in order to mini~
mize differential voltages due to mismatched tran-
sistors and thermal differentials,

4-36 The constant current comparator circuit con-
tinuously compares the voltage drop across the
CURRENT controls with the voltage drop across the
current sampiing resistor, R10, If a difference
exists, the differential amplifier produces an error
signal which is proportional to this difference.

The remaining components in the feedback loop
(amplifiers and the series regulator) function to
maintain the drop across the current sampling re-
sistors, and hence the output current, at a

4-5

constant value,

4-37 One input of the differential amplifier (pin 7)
is connected to the output bus through matching
resistor R6 and is zero~biased by resistors R5 or
R7. The values of RS and R7 are chosen such that
the output current can be programmed completely to
zero, regardless of any "end resistance” CURRENT
control R4 may have. The other input of the differ-
ential amplifier (pin 4) is connected via matching
resistor R3 to a summing point (terminal A6) at the
junction of the programming resistors and the cur-
rent pullout resistors Rl and R2. Changes in the
output current due to load changes or changes in
the voltage at the summing point due to manipula-
tion of the CURRENT controls produce a difference
voltage between the two inputs of the differential
amplifier, This difference voltage is amplified and
appears at the output of the differential amplifier
(pin 6) as an error voltage which ultimately varies
the conduction of the series regulator.

4-38 Resistor R2 serves as a trimming adjustment
for the programming current flowing through R4A and
R4B, Diode CRI limits excessive voltage szcur-
sions at the summing-point input to the differential
amplifier; the series combination of R8 and C15
shapes the frequency response of the current feed-
back loop. The comparator is biased through re-
sistors 22K, Z2N, and Z2F (the latter two are
shared with the constant voltage comparator).

4-39 VOLTAGE CLAMP CIRCUIT

4-40 The voltage clamp circuit keeps the constant
voltage programming current relatively constant
when the power supply is operating in the constant
current mode. This is accomplished by clamping
terminal A2, the voltage summing point, to a fixed
bias voltage. During constant current operation
the constant voltage programming re'sistors aie a
shunt load across the output terminals of the power
supply. When the output voltage changes, the
current through these resistors also tends to change,
Since the programming current flows through the
current sampling resistors, it is erroneously inter-
preted as a load change by the current comparator
circuit. The clamp circuit eliminates this undesir-
able effect by maintaining this programming current
at a constant level,

4-41 Voltage divider 22A, Z2B, and VRS reverse
biases CR4 and Q3 during constant voltage opera-
tion. When the power supply goes into constant
current operation, CR4 becomes forward biased by
the voltage at pin 12 of Z1. This results in con-
duction of Q3 and the clamping of the summing
point at a potential only slightly more negative
than the normal constant voltage potential, Clamp-
ing this voltage at approximately the same potential
that exists in constant voltage operation results in



a constant voltage across, and consequently a
constanti current through, the current pullout re—
.istors RI15 and R16.

4-42 MIXER AND DRIVER AMPLIFIERS

4-43 The mirer and driver amplifiers amplif+ the
error signal from the constant voltage or constant
current input circuit to a level sufficient to drive
the series resulting transistors., Transistor Q5 re-
ceives the error voltage input from either the con-
stant voltage or constant current comparator via
the OR-~gate diode (CR8 or CR9) that is conducting
at the time. Diode CR8 is forward biased and CR9
is reverse biased during constant voltage opera-
tion. The reverse is true during constant current
operation,

4-44 Transistor Q4 (biased at a constant level by
R31 and R32, and temperature-compensated by
CR10) supplies a constant current to the emitter of
QS5, thus holding *ne emitter at a constant poten-
tial. This is necessary to prevent changes in
emitter voltage due to operating level changes from
being reflected back through the constant voliage
Or constant current comparator to the output of the
supply. Feedback network R38 and C4 shape the
high frequency rolloff in the loop gain response in
order to stabilize the series regulator feedback
loop.

7

4-45 Predriver transistor Q6 receives the inverted
error signal irom Q5 and applies it to driver tran-
sistor Q7. Driver Q7 controls the conduction of
the series regulator by controlling the amount of
drive current diverted away from the regulator. As
Q7 incre~.es its conduction, more drive current
(flowing from the +20V bias source through R753) is
diverted from the bases of Q8-11, causing a de-
crease in their conduction and a corresponding de-
Crease in the output voltage,

4-46 Driver transistor Q7 performs an additional
function, that of discharging the output capacitar
during rapid down-programming. When the supply
is rapidly down-programmed, diode CR12 conducts;
a current path is thus established {rom the positive
of output capacitor C1 through Q7 and back to the
negative of the capacitor. Resistor R70, in serieg
with CR12, limits the current that can flow through
this path. Triple junstion diode CR11 protects Q7
from reverse voltages that could be developed
across it in situations such as Auto-Series opera-
tion when one supply is turned on before the other,
In addition, CR11 also maintains the emitter of Q6
and the base of Q7 at a constant potential, thus
limiting the power dissipated in Q7 under condi-
tions where an external same-polarity voltage is
applied to the output terminals of the supply (such
as battery charging/discharging).

4-6

«~47 OVERVOLTAGT PROTCCTION CROWBAR

4-48 Tne overvoltage srotection circuit protocts
delicate loads from high voliage conditions such as
might resclt from the failure of the series regulator
transistors. It accomplishes this by shorting the
output of the supply. Under normal operating con-
ditions (no overvoltage), Q1 is conducting since
CR1 is reverse biased, and Q2 is off. Thus no
trisger signal is rec2ived by SCR CR4 and it acts
as an open circuir, having no effect on the normal
output voltage,

4-49 Potentiometer R10 (CROWBAR ADJUST), in
series with protection resistor R3S, adjusts the bias
appearing at the cathode of CR] with respect to +3,
The position of the potentiometer establishes the
point at which CR1 becomes forward biased and Ql
is turned off. Zener diode VR1 (in series with RO
and biased through R1) provides a reference voltage
against which the output of the supply is compared,
When QI turns off, Q2 begins to conduct, dis-
charging Cl through transformer Tl and sending a
positive-going trigger pulse to Cid, causing it to
create a near short “ircuit across the output, CR4
will remain in conduc .on until the output current
decreases below aporoximately 50mA (the minimum
holding current of the SCR).

4-50 Zener diode VR2. biased through R8, estab-
lishes & +12.4V bias supply for the crowbar circuit
(with respect to the inboard side of the curr_nt
monitoring resistor). The circuit is referenced to
the inboard side of the sampling resistor in order to
prevent the crowbar supply current from flowing
through the sampling resistor and adversely affect~
ing constant current operation. Diode CR2 protects
the base-emitter junction of Q1 by preventing high
reverse voltages (developed when the crowbar is
set considerably above the operating output voltage)
from appearing across it, Diode CR3 clamps out
negative ringing in the trigger pulse; R7 limits the
current flowing into the gate of the SCR. An extra
winding is provided on transformer T1 (terminals
7-8); this facilitates slaving the crowbars when the
instrument is operated in the tracking mode (seo
Paragraph 4-73).

4-51 REFLRENCE REGULATOR

4-52 The reference circuit is a feedback power
supply similar to the main supply. It provides
stable reference voltages used throughout the unit,
All the regulated reference voltages are derived
from dc obtained from full wave rectifier CR21-CR22
and filter capacitor C10., The total output of the
reference circuit is 18.6V. Zener diodes VR1 and
VR2 establish very well reqgulated potentials of
+6.2V and -6.2V respectively from the common

point +§, while the regulator circuit establishes a



moderato!ly
from +S. Resistor R406 limits the curren
the zener diodes to establish an optimum oias
level,

4-33 Tho requlating circuit consists of series reg-
ulating transistor Q13, driver Q14, and differential
amplifier Q12 and Q13. The voltage across zener
diodes VR1 and VRZ (+12.4V) and the voltage at the
junction of divider Z2L-RS52 and Z2] are compared,
and any difference is amplified by the differential
amplifier. The error voltage thus apvearing at the
collector of Q13 is amplified by driver stage Q14
and applied to series regulator Q15 in the correct
phase and amplitude to maintain the +12.4 veolt out-
put at a constant level.

4-54 Resistor R46 performs a dual function: first,
it acts as a "power-csharing"” resistor, reducing the
power dissipated in Ql5. Second, it serves as a
turn-on resistor for the reference regulator. At
turn-on, an initial high volitage is coupled into the
output of the regulator, causing the feedback loop
to start its normal regulating action, Resistor R45
insures that Q15 can pe completely turned cfi by
providing a patn for leakage current. Capacitor
Cll1, connectad across the output of the reierence
supply, remove spikes and stabilizes the refer-
ence regulator loop.

4-55 Unregulated +20Vdc is supplied from a sepa-
rate winding on transformer Tl by diodes CR19 an-.
CR2G, and filter capacitor C9, An additionat L.-
regulated -4.3V reference voltage is supplied from
zener diode VR4, Resistor R33, connected across
VR4, limits the maximum current through the diode
and also reduces overshoot when the supply is
turned on or off.

4-56 METER CIRCUIT

4-57 The meter circuit provides continuous indi-

cation of either the output voltage or output current,

The meter can be used eithcr as an ammeter or a
volimeter, depending on the position of front-panel
METER switch S3,

4-58 When measuring voltage, the meter and its
series resistors (R8€, R85, R80, ancd R81} are con-
nected between the positive and negative sensing
terminals (see Figure 4-5A)., Potentiometer R80
allows calibraiion of the voltmeter circuit. Re-
sistors R87 and R88, connected across the current
sampling resistor (R10), act as a "replacement” for
the current measuring circuit, These resistors in-
sure that the effect of the meter circuit on the con-
stant current performance of the power supply is
the same regardless of the position of the meter
switch.

4-59 When measuring current, the meter with its
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Figure 4~5, Meter Circuit, Simplified Schematic

series resistors (R87, RE5, and R85) is connected
across the current sampling resistor as shown in
Figure 4-5B. Potentiometer R8€ allows caliuration
of the ammeter circuit. Resistors R88, R80, and
R81, connected from the positive output terminal to
the negative sensing terminal, act as a "replace-
ment” for the voltage mecasuring circuit.

4-60 During constant current operation, the volt-
meter circuit (or its "replacement” resistors, if the
meter switch is in the AMPS position) acts as a
shunt load across the output terminals of the power
supply, drawing a small amount of current away
from the load (0-1mA, depending on the cutput
voltage). The voltage divider formed by R12 and
R13 compensates for this decrease in load current
by subtracting a small voltage (the portion of the
output voltage appearing across R12) from the voli-
age drop across the current sampling resistor. This

i
:
1




tage causes the constant current
J increase the output current just
alanca the current supplied to the me-

4= IDITIONAL PROTECTION FEATURES

The supp!v contains several "special pur-
2" components which protect the supply in the

ent of unusual circumstances. One of these
omponents is diode CR2, Connected across the
output terminals of the supply, it prevents 1nternal
damage from réverse voltages that might be ap~
plied across the supply. This could occur, for ex-
ample, during Anto-Series operation if one supply
was turned on before the other.

4-63 Resistors Ri8 and R19 limit the output of the
supply if the connections between both output ter-
minals and the sensing terminals (£S) are inadver-
tently removed. Diode CRI11, previously mention-
ed in the driver amplifier description, protects the
driver stage from damage due to same-polarity
voltages that might be applied to the supp!' in
such applications as battery charging and dis~
charging. Fuse F2, previously mentioned in the
series recoulator description, protects the power
transformer and rectifier diodes against damage
due to series regulator failure.

4-64 TRACKING OPERATION
4-65 BASIC CIRCUIT DESCRIPTION

4-66 TFigure 4-6 illustrates the basic tracking
connections for any pair of power supplies. The
principle involved is straightforward: the slave
supply is connected in series with the master sup-
ply, and a voltage divider (resistors Rl and R2) is
placed across the series combination, One input
of the slave supply comparison amplifier is con-
nected to the junction of the two resistors, while
the other input is connected to the positive output
terminal of the slave supply. Sinc2 the normal
feedback action of the slave supply maintains zero
error voltage between the two inputs to the com-
parison amplifier, the slave supply will contribute
a fraction of the total output voltage determined by
the voltage divider R1 and R2.

4-67 Specifically, if the master output voltage is
denoted by Ep and the slave output is denoted by
Eg. the total output voltage is ET = EM + Eg, and
Es = [E1*Rp/(Ry + Rp)]. Substituting the first
equation into the second and eliminating Ep yields
the expression for Eg given in Figure 4-6,

Es = EpM (R2/R)). Thus it is seen that the ratio of
the slave output voltage to the master output volt-
age will always be in the ratio of R, to Rl'

4-68 Note that the tracking combination can be

4-8

MASTER

UNREGULATED
oc

Figure 4-6, Tracking Operation, Basic Circuit
Configuration

used to produce either a single outpur voltage
greater than either the master-or the slave, or co-
ordinated positive and negarive output voltages,
In the former case, a single load is conncctoed
across the series combination; in the latter case,
the center tap serves as the common point, with
the slave producing the negative output voltage
and the master producing the positive outpui volt-
age,

4~69 DETAILED CIRCUIT DESCRIPTION

4-70 Figure 4-7 is a simplified schematic of the
tracking switch (S2) connections. The function of
the tracking switch is to allow the power supply
mode of operation to be easily changed from in-
dependent operation to tracking operation, When
the switch is in the TRACKING position, Figure 4-7
can be reduced directly to the circuit configuration
shown in Figure 4-6.

4-71 Resistors R9] and R92 form the voltage divid-
er connected across the total voltage span; since
these resistors are 2qual (within 0.1%), the slave
supply output voltage equals the master supply
output voltage (wvithin 0.2%). Pole "Y" of the
tracking switch :onnects one of the voltage com-
parison amplifier inputs to either the front-panel
VOLTAGE pot for independent operation, or the
center tap of voltage divider R91-R92 for tracking
operation. The pole is “shorting" (make-before-
break) in order to Prevent momentarily opening the
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programming circuit {this weuld result in a large
output voltage overshoot). Pole "W moves the
end of current pullout resistors R15-R1¢ from its
normal connection at summing point A2 to the pos-
itive sensing {+S) terminal. This action maintains
the load on the reference supply at a constant
value. During indepcndent operation, the refer-
ence supply and current puilout resistors supply a
constant current througii the VOLTAGE pot; during
tracking operation this current path is interrupted.
Since the reference supply is referenced to +8S,
connecting the current pullout resistors to +$ al-
lows the programming current to flow in a closed
loop, thus maintaining a constant load on the ref-
erence supply.

4-72 In the INDEPENDENT position, pole "X" of
the tracking switch connects together the front and
rear positive output terminals of the slave supply.
In the tracking position, this pole connects one of
the inputs of the voltage comparison amplifier (+S)
to the common point of the tracking comkbinaticn
(the negative output terminal of the master supgly)
This action allows the slave comparison amplifier
to sense directly across the slave supply load re-
sistor, rather than through the tracking jumper (the
finite voltage drop across the resistance of the

.

4-10

front output terminal and tho tracking jumper wire
would degrade the slave supply regulation specifi-
cation). PFrotection resistor R8Y protects the two-
suppiy combination against operation without the
tracking jumper in place; this resistor is normaily
shorted out by the jumper. Pole "2" of S2 serves

a dual function — in the TRACKING position it con-
aacts the R91-R92 voltage divider across the total
voltage span, and it allows the crowbars to slave
one another, In the INDEPENDENT position it al-
lows the crowbars to function independently. The
pole is "shorting" in order to prevent momeatarily
opening the programming circuit formed by the volt-
age divider resistors,

"

4-73 Slaving of the crowbars is achieved by the
presence of an extra winding on crowbar transform-
er Tl (pins 7 and 8) on both the master and slave
supplies, These windings are connected in parallel
for tracking operation, allowing an overvoltage in
either supply to trigger both crowbars, In indepen-
dent operation, a short is placed across the wind-
ings, thus preventing trigger pulses from being
transferred from one winding to the other. Resis-
tors R11A and R11B prevent the shorted slaving
secondaries from loading the other trigger trans-
former windings.



SECTION V
MAINTENANCE

5 -1 INTRODUCTION

5-2 Upon receipt of the power supply, the per-
rormance check (Paragraph 5-5) should be made,
This check is suitable for incoming inspection, If
a fault is detected in the power supply while mak-
ing the performance check or during normal opera-
tion, proceed to the troubleshooting procedures
(Paragraph 5-56), After repair and replacement
(Paragraph 5-71), perform any necessary adjust-
ments and calibrations {Paragraph 5-73). Before
returning the power supply to normal operation,

repeat the performance check to ensure that the
fault has been properly corcected an: that no othor
faults exist. Before performing any maintenance
checks, turn on the power supply and allow a nali-
hour warm-up,

5-3 TEST EQUIPMENT REQUIRED

5-4 Table 5-1 lists the test cquipment required
to perform the varicus procedurcs described in
this section,

Table 5~1, Test Equipment Required

50uV/cm and 300kHz for all
measurements except noise
spike; 1mV and 20MHz for
no.se spike measurement,

RECUIRED ROCOMMUENDED
TYPE CHARACTERISTICS ust MODEL
Differential Sensitivity: 500uV full scale Measure dc voltages; cali- HP 34208 (See
Voltmeter (min.). bration procedures. Note on Pagr 5-2,)
Input impedance: 10Mn
(min.).
Oscilloscope Sensitivity and bandwidth: Measure ripple; display HP 140A with

transient recovery wave-
forms; measure noise
spikes,

1403A vertical
plug-in and 142347
time base; HP
180A with 1803A
vertical plug-in
and 1820A time
base for spike

Frequency response: =3dB
5Hz to 20kHz (min.).

measurement,

DC Voltmeter Sensitivity: 1mV full scale Measure dc voltages. 1:P 4124,
(min.). Accuracy: 1%.

AC Voltmeter Sensitivity: 50upV full scale Meaasure output impedance, HP 34104,
(min.)., Frequency range: ripple, and ac voltages.
5Hz to 250kHz (min,).
Accuracy: 3%.

Oscillator Frequency range: 5Hz to Measure output impedance. - HP 209A.
20kHz (min.}. Output: 5V
rms into 600A. Accuracy:
3%.

Amplifier Power output: 50 watts, Measure output tmpedance, HP 6824A.




Table 5~1, Test Zquipment Required (Continued)
REQUIRED RECOMMENDED

TYPL CHARACTERISTICS USE MODEL
Variable Range: 103 to 127Vac, Rec- Vary ac input for line requ- -——-
Voltage ommended minimum output lation measurement,
Transformer current: 5,54,
Repetitive Switching rate: 60 to 400Hz, Measure transient recoverv See Tigure 5-35,
Load Switch Rise time: 2usec. time,
Resistive Values: See Figures 5-2 and Power supply load resistors. -—
Loads 5-11,
Current Values: See Figures 5-7 and Measure output impedance; R10 and R11
Sampling 5-11, measure output current; (6227B); R10
Resistors \ calibrate ammeter, (6228B); sce Re-

placeable Parts
List,
Terminating Value: 50 ohms, 1 watt, Noise spike measurement, ---
Resistors +5%, non-inductive, 4 re-
quired.
Blocking Values: 0.01uF, 100Vdc, Noise spike measurement; ---
Capacitors 2 required; 1000u4F, 60Vdc, output impedance measure-
1 required, ment,

NOTE

A satisfactory substitute for a differ~
ential voltmeter is a reference voltage
source and null detector arranged as

shown in Figure 5-1,

The reference

voltage source is adjusted so that the
voltage difference betweenthe supply
being measured and the reference volt-
age will have the required resolution
for *he measurement being made. The
voltage difference will be a function of

the null detector that is used,

Exam-

ples of satisfactory null detectors are:
HP 419A null detector, a dc coupled
oscilloscope utitizing differential in-
put, or a 10 mV meter movement with a

100 division scale.

For the latter, a

0.5mV change in voltage will result in
a meter deflection of five divisions,

CAUTION

POWER SUPPLY
UNDER TEST

-5 - .+ 48

REFLRENCE
VOLTAGE
SCURCE
+ 6 ~

o9
]

NULL
DETECTOR

-G

990

Figure 5-1, Differential Voltmeter Substitute
’ Test Setup

5-5 PERFORMANCE TEST

Care must be exercised to avoid
ground loops and circulating currents
when using an electronic null detec-
tor in which one input terminal is
grounded,

5-6 The following test can be used as an incom-
ing inspection check and appropriate portions of
the test can be repeated either to check the opera-
tion of the instrument after repairs or for periodic
maintenance tests, The tests are performed using
a 115V ac, 60Hz, single phase input power source.

5-2



With the zxception of the tracking specification static value of dc output voltage

test {refer to Paragraph 5-42), all of the following sulting from a chanae in load resist-
measurements should be made on both of the inde- ance {rom open circuit to v valus
‘ pendent power supplies conta:s2d in the instrument, which yvields maximum rated output

If the correct result is not obtained for a particular current (or vice versa),

check, do not adjust any internal controls; proceed

to troubleshooting (Paragraph 5-56). 5-12 To check the constant voltage load rogula-

ticn, proceed as follows:

5-7 CONSTANT VOLTAGE TESTS a. Connect test setup shown in Tigure 5-2,
b. Turmn CURRENT controls fully clockwise,

5-8 All measuring devicos must be connected to c. Turn on supply and adjust YVOLTAGE con-

the rear sensing terminals of the supply and not to trels until front panel meter indicates exactly max-

the front output :erminals (with the exception of imum rated cutput current,

the tracking specification, as noted in Paragraph d. Read and record voltage 1ndicated on dif-

5-42), if maximum accuracy is to be obtained in the ferential voltmeter,

the following measurements, In addition, the mea- e. Disconnect load resistor,

suring devices must be connectad as close to the f. Reading on differential vol*meter should

sensing terminals as possible. This is particularly not vary from reading recorded in Step (d) by more

important when measuring the transient response, than the following:

regulation, cr ripple of the power supply. Note 62278  3.5mV

that under no circumstances should the measuring 6228B 6.0mV

instruments be connected across the load., A mea-
surement made across the load includes the imped-
ance of the leads to the load and such lead lengths

can easily have an impedance several orders of

magnitude greater than the supply impedance, thus POWER SUPFLY

invalidating the measurement. ONDER TEST

4 + - -§

5-9 To avoid mutual coupling effects, each mon- d_}) % oge’

itoring device must be connected to the sensing ter-

minals by a separate pair of leads. Twisted pairs [wooEL NO | R
’ or shielded two-wire cables should be used to 62278 2 50, 50w, 5%

avoid pickup on the measuring leads, The load 62288 : 5C{, 50W. x 5% |

resistor should be connected across the output ter- AL

minals as close to the supply as possible, When

measuring the constant voltage performance speci-

fications, the current controls should be set well

above (at least 10%) the maximum output current DIFFERENTIAL

which the supply will draw, since the onset of VOLTMETER

constant current action will cause a drop in output +\- G

voltage, increased ripple, and other performance

changes not properly ascribed to the constant volt- i

age operation of the supply,

5-10 Voltage Qutput and Voltmeter Accuracy. To Figure 5-2. Constant Voltage Load Requlation

check the output voltage, proceed as follows: Test Setup

a. Connect load resistor (Ry) indizated in
Figure 5-2 across output terminals ¢f supply.

b. Connect differential voltmeter across +3
and -S terminals of supply, observing correct po- 5-13 Line Requlation,
larity. Definition: The change AEQUT in the
. c. Turm CURRENT controls fully clockwise, static value of dc output voltage re-

d. Turn on supply and adjust VOLTAGE con- sulting from a change in ac input volt-
trols until front panel meter indicates exactly max- age over the specified range from low
imum rated output voltage, line (usually 103.5 volts) to high line

e. Differential voltmeter should indicate the {usually 126.5 volts), or from high line
following: to low line.

6227B 25 + 0,6Vdc
6228B 50+ 1.2vVdc 5-14 To check the line regulation, proceed as
. follows:
5-11 load Regulation. a. Connect test setup shown in Figure 5-2.
Definition: The change AEQUT in the b. Connect variable auto transformer



between input power source and power supply pow-
er input,

C. Adjust variable auto transformer for 103.5
volts ac input, '

d. Turn CURRENT controls fully clockwise.

e. Turn on supply and adjust VOLTAGE con-
trols until front panel meter indicates exactly maxi-
mum rated cutput voltage,

f.  Read and record voitage indicated on dif-
ferential voltmeter.

g. Adjust variable auto transformer for 126.5
volts ac input,

h, Reading on differential voltmeter shou.d
not vary from reading recorded in Step (f) by more
than 1mV.

5-15 Ripple and Noise.
Definition: The residual ac voltage
superimposed on the dc output of a
regulated power supply. Ripple and
noise may be specified and measured
in terms of its RMS or (preferably)
peak~to-peak value,
Ripple and noise measurement can be made at ny
input ac line voltage combined with any dc output
voltage and load current within the supply's rating,

5-16 The amount of ripple and noise that is pres-
ent in the power supply output is measured either
in terms of the RMS or (preferably) peak-to-peak
value. The peak-to-peak measurement is particu-
larly important for applications where noise spikes
could be detrimental to a sensitive load, such as
logic circuitry, The RMS measurement is not an
ideal rer - _atation of the noise, siice fairly high
output noise spikes of short duration can be pres-
ent in the ripple without appreciably increasing the
RMS value,

5-17 Ripple Measurements. Figure 5-3A shows an
incorrect method of measuring p-p ripple. Note tuat
a continuous ground loop exists from the third wire
of the input power cord of the supply to the third
_wire of the input power cord of the oscilioscope via
the grounded power supply case, the wire between
the negative sensing terminal of the power supply
and the vertical input of the scope, and the ground-
ed scope case. Any ground current circulating in
this loop as a result of the difference in potential
Eg between the two ground points causes an IR
drop which is in series with the scope input. This
IR drop, normally having a 60Hz line frequency
fundamental, plus any pickup on the unshielded
leads interconnecting the power supply and scope,
appears on the face of the CRT. The magnitude of
this resulting noise signal can easily be much
gre~ter than the true ripple developed between the
plus and minus sensing terminals of the power sup-
ply, and can completely invalidate the measure~
ment,
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Figure 5-3, Ripple Test Setup

5-18 The same ground current and pickup problems
can exist if an RMS voltmeter is substituted in
place of the oscilloscope in Figure 5-3. However,
the oscilloscope display, unlike the true RMS
meter reading, tells the observer immediately
whether the fundamental period of the signal dis-
played is 8.3 milliseconds (1/120Hz) or 16,7 milli~
seconds (1/60Hz). Since the fundamental ripple
frequency present on the output of an HP supply is
120Hz (due to full-wave rectification), an oscillo-
scope display showing a 120Hz2 fundamental com-
ponent is indicative of a "clean” measurement set-
up, while the presence of a 60Hz fundamental
usually means that an improved setup will result in
8 more accurate (and lower) value of measured rip-
ple,



~19 &althouuh thic method shown in igure 5-3A 1s
not recommended for rippls measuremernts, it may
prove satisfactory in some instances provided cer-
tain precautionary measures are taken. Une method
of minimizing the effects of ground current ow
(i) is tc ensure that both the supply and the test

instrument are plugued into the same ac PpOWEr Huss.

5-20 To mintmize 3 twisted pair or {pref-
esably) a shielded two-wire cable should be used
to connect the output terminals of the power supply
to the vertical input terminals of the scope. When
using a twisted pair. care must ke taxen that one
of the two wires is connaected both to the grounded
terminal of the power suopply and the grounded input
terminal of the oscilloscope. Whenr using shielded
two-wire cable, it is essential for the shield to be
connected to ground at one end only to prevent any
groung current flowing through this shield {rom in-
ducing a signal in the smelced leads.

oled up,

5-21
playing

To verify that the oscilloscope is not dis-
ripple that is induced in the leads or picr-
ed up from the grounds, the {+) scope lead should
be shorted to the (-) scope lead et the power sup-
ply terminals. The ripple value obtained whuern the
leads are shorted shouid e subtracted from the
actual ripple measurement.

5-22 If the¢ “oregoing measures are used, the
single-enced scopc of Figure 5-3A may be ade

quate to eliminate non-rea! components of ripple
so that a satisiactory measurement can be obtained.
However, in stubbom cases or in measurement
situations where it is essentiai that both the pow-
er supply casc and the oscilloscope case be con-
nected to ground (e.qg., if both are rack-mounted),
it may be necessary to use a differential scope
with floating input as shown in Figure 5-38. [f de-
sired, two smglc-conddctor shielded cables may
be substituted in place of the shielded two-wire
cable with equal success. Because of its common
mode rejection, a differential oscilloscope dis-
plays only the difference in signal between its two
vertical input terminals, thus ignoring the effects
of any common mode signal produced bv the diifer-
ence in the ac potential between the power sapply
case and scope case. Before using a differential
input oscilloscope in this manner, however, it is
imperative that the common mode rejection capabil-
ity of the oscilloscope be verified by shorting to-
gether its two input leads at the power supply
sensing terminals and observing the trace on the
CRT. If this trace is a straight line, then the oscil-
loscope is properly ignoring any common mode sig-
nal present. If this trace is not a straight line,
then the scope is not rejecting the ground signal
and must be realigned in accordance with the manu-
facturer's instructions until proper common mode
rejection is attained.

5-5

proceed as tol-

5-23 To checr the ripple oatpat.
lows:

a. Connect oscilloscope ,r{ S voltmeter
5-32 or 3-

NT controls fotlv clockwise.

TAGE controls until front pan
um rated output voltage.

d. The observed ripple should be less than
250.:Y rms and 4m¥ p-p.

5-24 XNoise Spixe Measurerent. When a higb
quency spike measurement is weing made, an in-
strument of sufficient bandwidth must be used; an
oscilloscope with a bandwidth of 2001z or more is
adequate. Measuring noise with an instrument that
has insufficient bandwidth may conceal high fre-
quency spikes detrimental to the load.

5-25 The test setup illustrated in Figure 5-3A is
generally not acceptable for measuring spixes; a
differential oscilloscope is necessary. Furthermore.
the measurement concept of Figure 5-3B n.ust Le
modified if accurate spixe measurement 1s to be
achieved:

1. As shown in Figure 5-4.
be substituted for the shielded twou-wire cab:
2. Impedance ::';atc.'un.,' resistors must ve in-
cluded to eliminate standing waves and cable ring-
ing. and capacitors must be inserted to block the
dc current path.

3. The length of the test leads outside the
coax is critical and must bhe xept as short as pus-
sible; the blociing capacitor and the 1m pedance
matchmg resistor should be connected directly
from the inner conductor of the cable to the power
supply sensing tern.inals.

4. Notice that the shields of the power 5.p-
ply end of the two coax cables are

two coax cables

rmust & ‘e.

not connectoed

PCWER Lo v
LauF

Figure 5-4. Noise Spixe AMeasurement Test Set




to the powor susply ground, since such a connec-
tion would give rise to a ground current path
through the coax shield, resulting in an orronecus

"~

5. Since the impedance matching resistors
constitute a 2-to-1 atteauator, the noisc spikes
cwserved on the oscilloscope should be less than

2mV p-p instecad of 4mV p-p,

5-26 The setup of Figure 5-4 can alco be us2d for
the normal measurement of iow frequency rip.loeg
simply remove the four terminating resistors and
the blocking capacitors and substitute a higher
Gain vertical plug-in in place of th2 wide-band
plug—-1in required for spike measurements. Notice
that with these changes, Figure 5-3 becomes a
twc-cable version of Figure 5-3C.

5-27 Transient Recovery Time.
Definition: The time “"X" for the output
voltage recovery to within "Y" millivolts
of the nominal output voltage followirg a
"Z" amp step change in load current,
where: "Y" is specified as 10mV, the
nominal output voltage is defined as the
de level halfway between the static ovt-
put voltage before and after the imposed
load change, and "Z" is the speciiiod
load current change of 5 amps or the full
load current rating of the supply, which-
ever is less,

5-28 Transient recovery time may ve measured at
any input line voltage combined with any output
voltage and load current within rating,

5-29 Reasonable care must be taken in switching
the load resistance on and off. A hand-operated
switch in series with the load is not adequate,
since the resulting onc-shot displayvs are difficult
to observe on mcst oscilloscopes, and the arc
energy occurring during switching action complete-
ly masks the display with a noise burst., Transis-
tor load switching devices are expensive if rea-
sonably rapid load current changes are to be
achieved,

5-30 A mercury-wetted relay, as connected
lcad switching circuit of Figure 5-35 chould

load switch is connected to a 60Hz ac input, the
meroury~-wetted relay will open and close 60 times
per second, Adjustment of the 25K control permits
adjustment of the duty cycle of the load current
switching and reduction in jitter of the oscillo~
scope display,

5-31 To check the transient recovery time, pro-
ceed as follows:
a. Connect test setup shown in Figure 5-5.
b, Turn CURRENT controls fully clockwise,

PUWER SUPPLY A L OSUTRPE
UNDER TEST

T

5t N

TINTALY PRDTECTION

LETACRK

0 auf 50, 20w
399"/ (NOTE 3}
- NOTES.
. THIS DRAWING SHCOWS &
SUGGESTED METHOD OF
: BUILDING & LDAD SAITCH
4 HOWEVER STMER METHODS
LiNE : ; COULD BE USED “JCH AS
SWiTCrn  1N325312) & TRANSISTOR SWiTCHING
— NETWORK MAXIM M LOAC
RATINGS OF LOAD SWITCH
) ARE S5AMPS, 500V, 250w
€2 {NOT 2500w)

;2 USE MERCURY RELAY.
i CLARE TYPE HGP 10C2 OR

Ac - : 27
t13VAC REPETITIVE . WE TYPE 68

601z | LOAD SWITCH {NOTE 1) 3 USE WIRE WOUND RESISTOR
T MODEL NO | Rl
62278 12.50, S0W, 25% :
62288 5011, 50w, ¢5% .

Figure 5-5, Transient Recovery Time Test Setup

¢. Turn on supply and adjust VOLTAG: con-
trols until {ront panel ammeter indicaies maximum
rated output current,

d. Close line switch on repetitive load
switch setup,

e. Set oscilloscope for internal sync and
lock on either positive or negative load transiont
spike,

f.  Set vertical input of oscilloscope for ac
coupling so that small dc levol changes in power
supply output voltage will not cause display to
shift,

g. Adjust the vertical centering on the scope
so that the tail ends of the no load and full load
waveforms are symmetrically displayed about the
horizontal center line of the oscilloscope, This
center line now represents the nomina!l output volt-
age defined in the specification,

h, Adjust the horizontal positioning control
so that the trace starts at a point coincident with a
major graticule division., This point is then rapre-
sentative 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 going transients so that
not only the recovery waveshape but also as much
as possible of the rise time of the transient is dis-
plaved.

k. Starting from the major graticule division
representative of tims zero, count to the right
50psec and vertically 10mvV, Recovery should be
within these tolerances as illustrated in Figure 5-6,
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Figure 5-6. Transient Recovery Time Waveforms

5-32 Temperature Coefficient.

Definition: The change in output volt-
age per degree Centigrade change in
the ambient temperature under condi-
tions of constant input ac line voltage,
output voltage setting, and load re-
sistance,

5-33 The temperature coefficient of a power sup-
ply is measured by placing the power supply in an
oven and varying it over any temperature span
within its rating, (Most HP power supplies are
rated for operation from 0°C to 55©C.) The power
supply must be allowed to thermally stabilize for
a sufficient period of time at each measurement
temperature,

5-34 The temperature coefficient given in the
specifications is the maximum temperature-depen-
dent output voltage change which will result over
any one degree Centigrade interval. The differen-
tial voltmeter or digital voltmeter used to measure
the output voltage change of the supply should be
placed outside the oven and should have a long
term stability adequate to insure that its drift will
not affect the overall measurement accuracy.

5-35 To check the temperature coefficient, pro-
ceed as follows:

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

b, Turn CURRENT controls fully clockwise,

c. Adjust front panel VOLTAGE controls un-
til front panel voltmeter indicates maximum rated
output voltage.

d. Place power supply in temperature~con-
trolled oven (differential voltmeter remains outside
oven). Set temperature to 30°C and aillow 30 min-
utes warm-up,

5-7

e. Record differential voltmeter reading,

f. Raise temperature to 40°C and atlow 30
minutes warm-up,

g. Observe differential voltmeter reading.
Difference in voltage reading between Step (e) and
(g) should be less than the following:

6227B  5.2mV
62288 10,2mV

5-36 Qutput Stability.

Definition: The change in output voltage
for the first eight hours following a 30-
minute warm-up period, During the in-
terval of measurement all parameters,
such as load resistance, ambient tem-
perature, and input line voltage are held
constant,

5-37 This measurement is made by monitoring the
output of the power supply on a differential volt-~
meter or digital voltmeter over the stated measure-
ment interval; a strip chart recorder can be used
to provide a permanent record. A thermometer
should be placed near the supply to verify that the
ambient temperature remains constant during the
period of measurement. The supply should be put
in a location immune from stray air currents (open
doors or windows, air conditioning vents); if pos-
sible, the supply should be placed in a1 oven
which is held at a 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 better than the stabil~
ity specification of the power supply being mea-
sured. The supply will drift considerably less
over the eight hour measurement interval than dur-
ing the half-hour warm-~up.

5-38 To check the output stability, proceed as
follows:

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

b, Turn CURRENT controls fully clockwise,

c. Adjust front panel VOLTAGE controls un-
til differential voltmeter indicates maximum rated
output voltage. .

d. Allow 30 minutes warm-up, then record
differential voltmeter reading.

e. After 8 hours, differential voltmeter
should change from reading recorded in Step (d) by
less than the following;

6227B 52mv
62288 102mV

5-39 Output Impedance.

Definition: At any given frequency of
load change, EQur/Ioyt. Strictly
speaking the definition applies only
for a sinusoidal load disturbance,
unless, of course, the measurement
is made at zero frequency (dc), The



output impedance of an idea! consiant

voltage power supply would be zero at

all frequencies, while the output im=~

pedanc: of an ideal constant current

power supply would Le afinite 3t all

frequencies.
Tne output impedance of a power supply is normal-
Iy not measured, since the mezasurement of tran-
sient recovery time reveals both the static and
dynamic output characteristics with just one mea-
surement.
is commonly measured only in those cases where
the exact value at a partic.lar freguency is of en-
gineering importance.

5-40 The test setup to be used is shown in Figure
5~7. It is important that the measuring instru-
ments shown in the figure (oscilloscope and micro-
voltmeter) be connected <irectly across the power
supply output terminals rather than at other points
in the test setup, In addition, each instrument
should be connected to the power supply with its
own pair of leads in order to minimize mutual cou-
pling effects. Monitoring resistor Ry (1 ohm, 1
watt) must be a non-inductive resistor, The value
shown for coupling capaciter C is the minimum
required value; larger vaiues ¢f capacitance can
be used without difficulty.

OSCILLOSCOPE AC MICRO- OSCILLATOR
VOLTMETE
{@ 1804 VOLTMETER @ 2094
A @ 4104
- + Z - + 6
5 3 9 3 9 0
POWER SUPPLY ‘l IN Seom
UNDER TEST '1;’// s AMPLIFIER »
Is @ 68244
6+ Si 0u.r G com
AN 00
3
| o |G
v -
0
2w  1000uF
NON- 60V
INDUCTIVE

* AMPLIFIER NOT REQUIRED ABOVE 20wz

Figure 5- Output Impedance Test Setup

5-41 To check the output impedance of the power
supply, proceed as follows:

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

b. Turm CURRENT controls fully clockwise,

c. Turn on supply and adjust VOLTAGE con-
trols for maximum rated outpurt voltage,

d. Move switch S1 connected to ac micro-
voltmeter to position A (measure ac voltage im-~
pressed across power supply output terminals).

The output impadance of a power supply

Szt oscillator frequency for ilz.

Adyjust amplitude controls of oscillator
and amplifier for largest possible un- orted wave-
form on oscilloscope, Record reading cii micro-
voltmetar,

5. Move switch 51 to position 3 {measure ac
voltage drop across 1 ohm resistor, and therefore
ac current delivered to power supply under tast),

h.  Without changing amplitude controls on

cillator or amplifier, read and record voltage in-
d atec¢ on ac microvoltmeter,

i, Output impedance {at 5iiz) is {ound by
dividing the voltage reading from Step (f) by the
voltage reading from Step (n); the value should not
exceed 0,202 (ohms) for the 62278 and 3,006 (ohms)
for the 6228B,

j. Repeat Steps (d) through (i) for anv other
frequencies of interest up to 250kHz. (Note: Am-
plifier is not required at frequencies above 20kHz,)
For any given frequency, the output impedance
¢hould pe less than that indicated oy the value of
the curve in Figure 3-8, TFor example, at lkiHz the
output impedance should be less than approximate-
ly 11 millionms for the 62278 and 49 milliohms for
the 6228B,

st
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im0 " :
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IHe 10Hz Ho ¥ 73 IkHZz 10KH2 100K 12 MMy
FREQUENCY
Figure 5-8. Output Impedance versus Freguency
5-42 Tracking frror, The tracking rrror is .lefinas

as the difference in percent between the output
voltage of the master and slave supplies when the
instrument is operated in the tracking mode,
error is measured once for the complete instrument
as opposed to the previous tests in which the test
procedure was repeated for both supplies contain-
ed in the instrument. The test setup to be used is
shown in Figure 5-9, Only the front output termi-
nals should be used for this test; the rear output
and sensing terminals cannot be used when the in-
strument is operated in the tracking mode, [n ad-
dition, note that the minus output terminal of the
master (left) supply must be used as the terminal

The




comme:n to boih supplies; the positive terminal of
the slave (right) supply should not e used,

5-43 To check tne trackincg error, proceed as fol-
R

a, Connect test setup shown in Figure 5-9,

b, Set front panel mode switch to TRACK-
ING, and connect jumper between minus output
terminal of ieft supply and positive output terminal
of right supply as shown on front panel and in Fig-
ure 5-9,

c. Turn CURRENT controls fully clockwise
and set switch $1 to position A (measure master
supply output voltage).

d. Turn on supoly and adjust master VOLT-
AGEL controls until differential voltmeter reads ex-
actly maximum rated output voltage.

e. Move switch Sl to positior. B (measure
slave output voltage). Differential voltmeter read-
ing should be within following tolerances:

62278 25V £ 52mVY
62288 50V = 102mV

POWER SUPPLY DIFFERENTIAL
UNDER TEST VCLTMETER
MASTER SLAVE
+ -/ 6 + - G - 6 <+
Q <§ o b Q0 QAP O
A i
St

Figure 5-9. Tracking Error Test Setup

5-44 CONSTANT CURRENT TESTS

5-45 The instruments, methods, and precautions
for the proper measurement of constant current pow-
er supply characteristics are for the most part iden-
tical to those already described for the measure-
ment of constant voltage power supplies. There
are, however, two main differences: First, the
power supply performance will be checked between
short circuit and full locad rather than open circuit
and full load. Second, a current monitoring resis-
tor is inserted between the output of the pocwer
supply and the load.

5-46 For all output current measurements the cur-
rent sampling resistor must be treated as a four
terminal device. In the manner of a meter shunt,
the load current is fed to the extremes of the wire
leading to the resistor while the sampling terminals
are located as close as possible to the resistance
portion itself (see Figure 5-10), Generally, any

current sampling istor snould Lo of U dow

noise, low temgpcrature coefiiciont (loss than
20ppm/CC) tize o
10% of ite rated pow
will D= minimize:,

should e ased at ore an

wre (150

rience toin

obtaining a resisior sultable for curront sampling.
a duplicate of the sampling resister used in this
unit (R19 and R11 in the 62278; ‘R17 in the 22245)
may be obtained from the factory,

CURRENT SAMPLING
TERMINALS

TO UNGROUNDED
TERMINAL OF
POWER SUPPLY

T0 GROUNDED
TERMINAL OF
POWER SUPPLY

SAMPLING

/ RES1STOR
LoAD

TERMINALS

Figure 5~10, Current Sampling Resistor Cunnecrions

5-47 Rated Output and Meter Accuracy,
a. Connect test setup shown in Tigure 3-11,
k. Turn YOLTAGE controls iully clockwise,
c. Turn on supply and adjust CURRLNT con-
trols until front panel ammeter indicates maximum
rated output current.

d. Diiferential voltmeter should read 1.0 +
0.024vdc.

5-48 Load Regulation,
Definition: The change alpy; in the
static value of the dc output current
resulting from a change in load re-
sistance from short circuit to a value
which yields maximum rated output
voltage.

5-49 To check the constant current loas regulation,
proceed as follows:

a, Connect test sctup shown in Tigure 5-11,

b, Turn VOLTAGE contro!s fully clockwise.

c. Adjust CURRENT contrels until frornt panel
meter reads exactly maximum 1ated output voltiage,

d. Read and record voltage indicated on if
ferential voltmeter,

e. Short circuit load resistor (Rp).

f.  Reading on differential voltmeter should
not vary from reading recorded in Step (d) by more
than the following:

62278 225uV
6228B 350pV

5-50 Line Regulation.
Definition: The change AIQUT in the
static value of dc output current re-
sulting from a change in ac input volt-
age over the specified range from low

e e s, 7 1T



3.5 volts) to high lin»
volts), or frem high
ae.

{cr. .e line regulation, proceed as
ze test setup shown in Figure 5-11,
.nect variable auto transformer be-
pQower source and power supply power

Adjust auto transformer for 103,5Vac in-

, Tum VOLTAGE controls fully clockwise.
2. Adjust CURRENT controls until front
sammeter reads exactly maximum rated output
#nt.
/“ f'
;‘femial voltmeter.
/* g. Adjust variable auto transformer for
+126.5Vac input,
/ h. Reading on differential voltmeter should
not vary from reading recorded in “tep (f) by more
than the following:

62278 S0V
6228B 100uV
POWER SUPPLY
UNDER TEST
+ G — R
O oA
LOAD DIFFERENTIAL
RESISTOR VOLTMETER
. -+ 6
CURREN
SAMPLING ?—9
RESISTOR

MODEL NO R Rs
62278 1282, 50W, 5% 0.5§2,16W, £ 0 5%, *10ppm
62288 490,50W, 5% 12, BW, $0.5%, *10ppm

Read and record voltage indicated on dif-

OSCILLOSCOPE CASE

POWER SUPPLY CASE
AC
ACC

=5
LB

A INACCURATE METHOD USING SINGLE ~ENDED SCOPE.
GROUND CURRENT Ig PRODUCES 60 HERTZ DROP IN
NEGATIVE LEAD WHICH ADDS TO THE POWER SUPPLY
RIPPLE DISPLAYED ON SCGPE.

Ry
Rg

POWER SUPPLY CASE OSCILLOSCOPE CASE

ac J—}R AC
acc :34-0— R t Acc
s
GND :] - GND
g - —O+ [-:
=gt
G
SHIELDED
* TWO-WIRE

* LENGTH OF LEAD BETWEEN Rg AMD GROUNDED OUTPUT
TERMINAL OF POWER SUPPLY MUST BE HELD TO ABSOLUTE
MINIMUM,

B. RECOMMENDED METHOD USING A DIFFERENTIAL SCOPE WITH
FLOATING INPUT. GROUND CURRENT PATH IS BROKEN |
COMMON MODE REJECTION OF DIFFERENTIAL INPUT SCOPE
IGNORES DIFFERENCE IN GROUND POTENTIAL OF POWER
SUPPLY 8 SCOPE, AND SHIELDED TWO-WIRE FURTHER REDUCES
STRAY PICKUP ON SCOPE LEADS.

MODEL NO. R_ Rg
62278 120,50W,25% [0 50, 16W. £0.5%. * 10ppm
62280 | 490.%0W,+3% | 10,8W,205% *10ppm

Figure 5-11. Constant Current Load Regulation

Test Setup

5-52 Ripple and Noise.
Definition: The residual ac current
which is superimposed on the dc out-
put current of a regulated power sup-
ply. Ripple and noise may be speci-
fied and measured in terms of its
RMS or (preferably) peak-to-peak
value,

5-53 Most of the instructions pertaining to the
ground loop and pickup problems associated with

Figure 5-12, Constant Current Ripple Test Setup

constant voltage ripple and noise measurements
also apply to the measurement of constant current
ripple and noise, Figures 5-12 and 5-13 illustrate
the most important precautions to be observed
when measuring the ripple and noise of a constant
current supply, The presence of a 120Hz wave-
form on the oscilloscope is normally indicative of
@ correct measurement method, A waveshape hav-
ing 60Hz as its fundamenta!l component is typical-
ly associated with an incorrect measurement setup,

5-54 Ripple Measurement, To check the ripple




cutput, proceed as follows:
a, Connect oscilloscope or RMS voltmeter
as shown in Figures 5~12A or 5-128,
b, Turn VOLTAGE controls fully clockwise.
c. Adjust CURRENT controls until front pan-
el ammeter reads exactly maximum rated output
current,
d. The observed ripple should be less than:
62278 125uV
62288 250uV

5-55 Noise Spike Measurement, To check the
noise spike output, proceed as follows:
a. Connect test setup shown in Figure 5-13.
b. Turn VOLTAGE controls fully clockwise.
c. Adjust CURRENT controls until front pan-
el ammeter indicates exactly rated output current.
d. The observed noise spikes should be
less than 1,0mV p-p.
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Figure 5-13, Constant Current Noise Spike
Test Setup

5-56 TROUBLESHOOTING

5-57 Before attempting to troubleshoot this instru-
ment, ensure that the fault is with the instrument
and not with an associated circuit. The perfcrm-
ance test (Paragraph 5-5) enables this to be deter-
mined without removing the instrument's covers,

5-58 A good understanding of the principles of op-
eration is a helpful aid in troubleshooting, and it
is recommended that the reader review Section IV

5-11

of the manual before attempting to troubleshoot the
instrument. Once the principles of operation arc
understood, refer to the overall troubleshooting
procedure in Paragraph 5-61 to locate the syniptom
and its probable cause.

5-59 The schematic diagram at the rear of the
manual (Figure 7-7) contains normal volitage read-
ings taken at various points within the circuits.
These voltages (in italics) are positioned adjacent
to the applicable test points (identified by encir-
cled numbers), The component location diagrams
(Figures 7-1 through 7-6) at the rear of the manual
should be consulted to determine the location of
components and test points.

5-60 If a defective component is located, replace
it and re~conduct the performance test, When a
component is replaced, refer to the repair and re-
placement (Paragraph 5-71) and adjustment and
calibration (Paragraph 5-73) sections of this man-
ual.

5-61 OVERALL TROUBLESHOOTING PROCEDURE

5-62 The following procedure must be followed in
sequence when initially troubleshooting the instru-
ment.

a. Check for obvious troubles such as blown
main fuse (F1), 115/230V line switch in wrong po-
sition, incorrect rear strapping pattern (refer to
Figure 3-2), input power failure, or defective meter
{check output voltage with external meter).

b. Remove top, bottom, and side covers
(total 12 Phillips screws) and inspect for open con-~
nections, charred components, etc.

c. Check internal protection fuse F2; if
blown, replace.

d. Isolate crowbar from supply by discon-
necting anode of CR4 (sce Figure 7-2).

NOTE

Because t..e troubleshooting proce-
dures are based on driving the series
regulator into saturation or cutoff by
shorting or opening a previous stage,
the crowbar must be disconnected from
the supply in order to prevent tripping
the crowbar and blowing fuse F2 every
time the series regulator is driven in-
to saturation,

e. Disconnect load, set mode switch to



Refe $ ‘o Giot lee inens)
METIR METELR TLURN Y . o OFOATION
STEP COMMON POSITIVE e RIPPLI (P-?)
1 TP32 P12 £27.7 235 2.5y Tu2l, DR22
2 +3 TP3u t12.4 23,9 2.9my VRY, VRZ, G135, Gl4, Gl €1
3 +S TP31 FO,0 0 0,3m" VR, YR
s TR0 3 o3 VRZ, YRl
5 TP34 +S £4.3 20,4 0.5 VRY, CRIG. CR20
6 +5 TP33 120 %0 2.0V R34, CRIY, CR20

INDLPE CNT and metar switch to YOLTS, turn
VOLTAGE and CURRENT controls fully clochwise,
and turn on supgly,

CAUTION

Yever turn the VOLTAGLE controls {ully
CCV when high output voltage is the
trousle svmpiom; doing 0 :may dam-
age the potentiometer due to high cur-
rent flewing from +QOUT to -QUT
through CR5, R23, and the pot,

f.  Check the reference and bias voltages
given in Table 5-2,

5~63 In many cases, trouble can be caused i in-
correct dc bias voltages; thus it is good practice
to check these voltages before proceeding withanvy
of the detailed troubleshooting procedurss, Whan
troubleshooting a supply with multiple failures, in
which curing one troulrle often uncovers anciher, it
is a good idea to check the reference voliages
whenever a new symptom occurs, In many caseos
the reference voltages may be incorrect oven
though all the components in the reference rogula-
tor are functional; this may occur vecausc a defec—~
tive component or stage in the regulator feedback
loop is drawing excessive current and loading down
the reference voltages. In this situation the defec-

wn

v Lo locate

i
[ ILOO(I"!(' procaaure El},‘;‘.:uﬂlx"" or

the main -

After cheching the reterence anld bias coli-

refor o Tacie 5-3, Inital Troubdeshootna,

MO ORMOn trout
-, low output voltage,

; table lists iy
(nigh output voltag
fective crowb, v‘) Jivd telr possible causes,
cach to nother,
more ctauor- o blrvsnoutmn tailo {Tables
thirough 3-u),

for

1

Wt tac ~roin relorred

i

-65 Tables S-4 and 3-5 provide troun
proceciupos for the high and low veltac
symptoms, respectively, Theusc tan
structions for <‘rivm<' cach stage of tho sories rag-
ulator fendback loop into coniuction or cutoff, 3.
following thme steps, the fault can o isobatea 1w
a particular circuit or component,  Tab
vides troubleshooting procedures for the crowhar;
this table contains instructions for trigeerin G the
crowbar from two differont poIns in the clicart gnd
thus 1solating the fault to 1 particular group of
components,

yoin-

e G<¥ pro-

5-66 Table 5-7 contains a list of les: common
troubles and their posstble causes,
in this table are less catastrophic tian
in Table 5-3; for the most part these sy
scribe degraded onrformancn rather than co
failure. The possible causes listed shoulrd bLe
checked in tae order thay appear in the table

(28]

srom (high or low output voliag-, «10)),

[




Tanle 3.4 Trauhizsnooting (Uomtien Trow: beed
SYNPTOM PROBABLEL
- b

AP-Drogra ro-loat conditiuns

ACTION

Tty T oliscoanes I
Cornect s -current load resis-

TOr ACroass gutput termin:

78 and 200A,

VOLTS, maoter wilh co ofi-scaln))
rutn-off constarn

5 P Wl

3 Qulnut current ro- 1, 21 do o

mains constant,

High output voltace after replacing fuss &.
F2 and isolating crowbar

Seres regulator § loon 1 hig e wottag o

artici.,  Reofeor to Table 3=,

Low or no output voltage after replaci g 2
e :

fuse F2 and isclating crowiar

Taeccw voltage across main {ilter capacitors T

~=

CTO I ne voltage 1s presont, ciech SR1Y oo

¢ and fuse Fl, If ~on~ct voltaes s

gulator feoditach leor 15 10 jow

wtion,  Rafor 1o Table %-95,

3!

Crowbar trips every time supply 1s turnod a.
on regardless of setting of CROWBAR AD-
JUST control

Uncertainty over whethor the crowbar has trinped and shorted thn vutput of the supply

Regulator loop 1n high voltage condition,  Tsolar
crowbar by disconnacting anode of Cr4, and rfor
to Tabl» 5-4,

Defecuive crowbar, Creck SCit Citd for anv i -1o-
catheds short, :nd check CROWBAK ADIU ST o
R14 ior short,

NOTE

or the supply output has fallen to z2ro due 10 a regulating loop failure can Le rosolved

by switching the meter switch 10 AMPS,

If the crowbar is iripped, the ammater will -

dicate the current flowing through tne SCR (the level is determined by the setiing of the
CURRENT control); if the crowbar is not winped, the ammeter will read zero,

Crowbar will not trip recardless of set- a.
ting of CROWBAR ADJUST control; cuiput
voltage falls slowly when unloaded sup-

ply is turned off J

Defective crowizar, Refer to Table 3-4

YR M 30 ST ey v i s e




Table 5-4. Series Regulator Troubleshooting, High Voltage Condition
&
3 ACTION RESPONSE PROBABLE CAUSE
Check turn-off of series requlator a. Output voltage remains a. One or more of U8
transistors Q8 through Q11 by high, through Q11 shorted.
turning off supply, shorting ariver .
Q7 collector (-OUT terminal) to b. Output voltage de- b. RemovZ sthosr:r‘anczi
emitter (TP66), and turning sup- creases. proceec to sizp <.
Z ply on again.
ra
fﬁf ——CAUTION
«,x; Do not apply short circuit to Q7
when supply is on cr severe com-
ponent damage will result,
2 Check turn-on of driver Q7 by a. Output voltage remains a. Q7 open.
shorting predriver Q6 base (TP64) high,
itt P65).
to emitter (T ) b. Output voltage de- b, Removn short and
creases, proceed to Step 3.
3 Check tum-ofi of predriver Q6 by a. Output voltage remains a. Q6 shorted; Q4
shorting mixer amplifier Q5 base high, shorted,
P60) t itter (TPG1),
(TP60) to em ( ) b. Output voltage de- b. Remove short and
creases, proceed to Step 4.
4 Check turn-off of mixer amplifier a. Output voltage remains a. QS shorted.
QS by connecting base (TP60) to high,
6.2V reference (TP31), :
+ re ( ) b. Out, it voltage de- b. Removz connection
creases. and proceed tc
Step 5.
5 Check turn-off of constant volt- a. Output voltage remains a. 21 defective,
age comparator by connecting high,
10kna resistor from pin 10 of Z1
(TPS1) to +12.4V reference (TP30). b. Output voltage de- b. R27A or R27B open;
creases, open strap between
terminals A2 and
A3.
Table 5-5. Series Regulator Troubleshooting, Low Voltage Condition
STEP ACTION RESPONSE PROBABLE CAUSE
1 Check conduction of series requ- a. Output voltage remains a. Q8 through Q11
lator transistors Q8 through Q11 low, open and/or R68,
by shorting driver Q7 base (TP65) R69, R73, and
to emitter (TP66). - R74 open; VR3
shorted,
b, Output voltage rises. b. Remove short and

proceed to Step 2.




Table 5-5.

Series Regulator Troubleshooting. Low Joltage Condition {(Continued)

ACTION

RESPONSE

PROBABLE CAUSE

Check turn-off of driver Q7 by
shorting predriver Q6 collector
(TP67) to emitter (TP65).

a. Output voltace
low,

b. Output voltage

remains

rises.

Q7 shorted,

Remove short and
rvroceed to Step 3.

Check conduction of prediiver Q6
by shorting Q5 collector (TP63) to
emitter (TP61).

a. Output voltage
low,

b, Output voltage

remains

rises.

Q6 open; Q4 open.

Remove short and
proceed to Step 4.

Check conduction of mixer ampli-
fier Q5 by shunting resistor R30
with 10ka resistor,

a. Output voltage
low,

b. OQutrut voltage

remains

rises.

Q5 open.

Remove 10kn resis-
tor and proceed to
Step 5.

Isolate fault to either constant
voltage comparator or constant
current comparator by opening
cathode of CR9.

a. Output voltage
low,

b. OQutput voltage

remains

rises.

Reconnect lead and
proceed to Step 7.

Reconnect lead and
proceed to Step 6.

Check conduction of constant
current comparator Z1 by shunting
R7 with a 10k resistor.

a. Output voliage
low,

b. Output voltage

remains

rises.

Z1 defactive.

R4A and R4B short-
ed; CRI saorted;

open strap between
terminals A6 and AS.

Check conduction of constant
voltage comparator by connecting
19%kn resistor from pin 10 of Z1
(TP51) to -6.2V reference (TP32).

a. Output voltage
low,

b. Output voltage

remains

rises,

Z1 defective.

R27A and R27B
shorted; CRS or
CR6 shorted; C2
shorted; open strap
between terminals
Al and A2.

Table 5-6,

Crowbar Troubleshooting:* Non-Tripping Crowbar

(Refer to Paragraph 5-70 for A4 Crowbar Board removal procedure)

STEP

ACTION

RESPONSE

PROBABLE CAUSE

Attempt to trigger crowbar by
shorting Q2 collector (TP86) to
emitter (TP85),

a. Crowbar does not trip.

b. Crowbar trips,

CR4 open; Q2
shorted; Q1 open;
CR3 shorted; VR2
shorted.

Reset crowbar by
tuming unit off and
then on again, and
proceed to Step 2.

5-15




VRl VI

Tanle

(Refer to Paragraphn 5-79

Crowbar Troublesnooimg:
for A4 Cr

STEP ACTION PROBAELE CAUSLE
2 Attempdt to trigger crowbar by a2, Crowoar 4does not wip a. {2 osen: L1 short-
connectling base of Gl (TP83) to o shorted,
~-4,3¥Y reference (TP34) through . ) -
; h i 5. Crowbar triss. 5. CR1 open: YRI
100A resistor. . ; i . .
shorte¢  R1U vpen,
Table 5-7 Lz2gs Common Troubles
SYMPTOM PROBABLE CAUSLE AND REMEIDIAL ACTION
Improper operation in tracking mode a Tracking jumper missing (should be connncied betweon
(Excessive voliage difference be- ~-OUT of master and +OUT of slave as indicated on front
tween master and slave or slow sanel).
up-programming of slave supply) _ . ) L . ) e

b, Deiactive tracking switch. Check pole "W",

c. Defective voltage divider resistors. Check R91 and RS2
(on Al Mother board).

Cannot reach maximum outpu? volt- a. Cl0-Q11 and/or R73-R74 open.

age under '~ ‘e conditions; output . . .

Y nd 6 st d.

voltage rn. normal under no- b. VR3 and/or C6 shorte

load conditions

High frequency noise {“grass") in a. Noisy zener diodes in reference cuicuit., Chack VR, VRZ.

output

High ripple in output a. Ground loops 1n operating setup or improper measurement
technique Retfer to Paragraph 5-17 and/or section ¢:.
ground loops 1in AN-90A, Power Supply Handbook.

. Supply crossing over 10 constant current operation unrer
loaded conditions. Check CURRENT control se‘ting or
constant current comparator (Z1 and associated compo-
nents).

c. xcessive ripple 1n reference volteges. Refer 10 Tauls
5-2.

d. Mixer amplifier current source (Q4) shorted; capaciter C5
leaky.

Poor load regulation a. Improper measurement technigue. #~%~1 to Paragraph
(Constant voltage) 5-11.

b. Supply current limiting. Check constant current compara-
tor (Z1 and associated components).

c. Reference regulator not regulating +v.2V reference volt-
age. Refer to Table 5-2.

d. Defect in constant voltage comparator bias circuit.
Check voltage at TP53 (Point "M").




5-68 The following paragraphs describe proce-
dures for removing or proviriing access to the four
subassemblies in this supply (Al mother circuit
board, A2 master circuit board, A3 slave circuit
board, and Ad crowbar circuit board). Reference to
these procedures should only be necessarv when a
component must be replaced; essentially all of the
troubleshootir.g procecures given in this section
can be performed without any disassembly other
than simply removing the instrument's four covers,

5-69 Master and Slave Circuit Board (A2 and A3)
Removal. To remove the master and slave print-

ed circuit boards, proceed as follows:

a. Remove top, bottom, and side covers
(total 12 Phillips screws).

b. Remove 4 Phillips screws holding rear
aluminum frame to main side frames,

c. Exerting gentle rearward pressure on
heatsink and rear aluminum frame, unplug entire
assembly (consisting of heatsink and both circuit

Table 5-7, less Common Trouzles (Continued)
' SYMPTOM PROBABLE CAUSE AND REMEDIAL ACTICHN
Poor load regulaticn a. Improser measuremcn: ‘echnigue. Sec Paragraph T-48,
lre - -
onstant curren: o . ' P
t ‘ ) b, Supply voltage limiting. Check constant voltags ~ompa-
rator (Z1 and associaied comgonents),
c. Reference regulator not regulating -6.2V reference voli-
age. Refer toc Tabl: 5-2.
d. Voltage clamg circuit defective. Check CR3, 4 Q30 YRS,
e. Leaky output capacitors, Check Cl and C!3.
f. Defective mixer amplifier current source, Check CRI1Q.
g. Defective "meter revlacement” resistors, Checi R87 and
RB8 and meter switch,
Poor line regulation a. Improper measurement technique. See Paragraph 3-17,
b, Reference regulator not regulating +12,4Y reference volt-
age. Refer to Table 3-2.
Oscillates a. C4, C15 leaky.
(Constant voltage/constant cur- ) )
rent) b, Cl, C5. C13 open,
Instability a. Incorrect reference voltages. Refer to Table 5-2,
{Cor.stant voltage,/constant cur- . ) ) ) o L )
rent) b, Dirty contact fingers on circuit board edge-connectors,
Clean fingers with "Pink Pearl” eraser,
1 9
‘ c. Noisy VOLTAGE or CURRENT controls, Check R4,R24,R27,
d. Defective integrated circuits Z1 or 22,
e. CRI1, CR3, CR6, or C5 leaky,
5-€7 DISASSEMBLY PROCEDURES boards) from connectors on Al mother Loard.,

d, With master/slave board assembly com-
pletely removed, Al mother noard and chassis-
mounted components may now be easily accossed,

5-70 Crowbar Circuit Board (Ad) Removal. 7o
move the A3 crowbar circuit Loard, procecs as
lows:

a. Remove top, vottom, anc st
(total 12 Phillips screws).

D, ‘furn unit upside ¢own and remove 2 Phjl-
lips screws holding bracingrod to main side frames
at bottom front of unit,

Remove & Phillips screws
aluminum tray chassis to main side frames.

d. Remove 2 Phillips screws holding top
front trim (aluminum extrusion) to main side frames.

e. Using 1" Allen wrench and working from
front panel, remo~e two bushings holding CROW-
BAR ADJUST potentiometers to front panel.

f.  While spreading main side frames slightly
apart, pull lower {control) portion of front panel
away from unit,

GoCOTnTS

<
2

C. holding 1internal



g. Crowbar board may now be mancuversd

up and out of unit,

Board can be folded Lack on

its connecting wires for better access.

5-71 REPAIR AND REPLACEMENT

5-72 Section VI of this manual contains a list of

replaceanle parts,

1f the part to ve replacad does

not have a standard manufacturers' part sumber, it

Table 5-8.

is a "special” cart and must be obtained dirccetly
from Hewlett-Pacrard, After replacing 1 semicon-

ductor device, refor 1o Table 5-8 for checys an
adjustments that may be necessary, All compo-

nents listzd in Tatle 5-5 without A~
asterisks (*) are on the master and slave ©
circuit boards (A2 and A3); components with asier-

isks are chassis-mounted,

o

Checks and Adjustments After Replacement of Semiconductor D-icas

REFERENCE

FUNCTION OR CIRCUIT

CHECK

ADJUST

Z1

. Constant valtage and constant

current comparator,

CV/CC load requlation, and
zero output voltage and
current,

R24,and RS or R7

A4Q1, A4Q2

Crowbar,

Crowbar action,

Q3 Voltage clamp. CC load regulation. -

Q4, Q5 lixer amplifier. CV/CC load regulation, out- ---
put ripple,

Q6. Q7°(*) Driver ampiifiers, CV/CC load requlation, ---

Q8, Q9, QlG,
Q11

Series regulator,

CV/CC load regulation, cut-
put voltage over full range.

temperature compensation
diode.

CC load regulation.

Ql2, Q13, Reference regulator. +12,4V, +6.2V, and -6,2V ---
Ql4, Q15 reference voltages,
A4CR1, Crowbar, Crowbar action, -
A4CR2,
A4CR3,
CR4 (*)
CR1 Constant current comparator CV/CC load regulation. -
input limiter.
CR2 Reverse voltage prot=-tion. Qutput voltage, -—-
CR3, CR4 Voltage clamp, CC load regulation, ——-
CR5, CR6 Constant voltage comuarator CV load regulation. -—-
input limiter,
CR7 Constant voltage/constant Temperature coefficient, -——
current comparator tempera-
ture compensation diode.
CR8, CR9 OR~gate. Crossover between con- -
stant voltage and constant
current operation,
CR10 Mixer amplifier current source Temperature coefficient, -




ANle 5-3. Checks and Adjustments After Replacement of Semiconductor Devicos (Continued)

ra

) FRENCE FUNCTION OR CIRCUIT CHECK ADJUST
i £
. : }AT, CR12 Driver amplifier protection, Qutnut voltage. -
A
f~
ACR13, CR14 Series regulator cwitching Output voltage over full ~—-
/ diodes, range.
1-’4
f’ Al1CRI1S, Main rectitier diodes. Output voltage, ==
! A1CRI16,
AICRY7,
AICRI18
Al1CR19, Bias supply rectifier diodes, +20V and -4.3V bias volt- ---
Al1CR20 ages,
A1CR21, Reference regulator rectifier +12.4V, +6.2V, and -6.2V -—-
AlICR22 diodes. reference voltages.
A4VR1, A4VR2 Crowbar. Crowbar action, trip voltage R10
range.
VR1, VR2 Reference regulator, +6.2V and -6.2V reference R2 and R16,
voltages.
VR3 Series regulator., Output voltage over full -—=
range.
VR4 Bias supply. -4.3V reference voltage. -—-
‘ VRS Voltage clamp, CC load regulation, -—-
Table 5-9, Adjustment and Calibration Summary
; PRINCIPLES OF ADJUSTMENT
ADJUSTMENT OR CALIBRATION OPERATION PARAGRAPH PARAGRAPH ADJUST
Ammeter/Voltmeter Zero -—— 5-75 Pointer
Ammeter Calibration 4-39 5-79 R86
Voltmeter Calibration 4-58 5-80 R8O
Constant Voltage Zero Qutput 4-30 5-82 R24
Voltage
Constant Voltage Programming 4-32 5-84 R16
Accuracy
Constant Current Zero QOutput 4-37 5-86 RS or R7
Current
Constant Current Programming 4-38 5-88 R2
Accuracy




5-73 ADJUSTMENT AND CALIBRATION

ireq
7

5-74 Adjustment and caliLration mav o
fier performance testing, trcuszlochocting,
;'-si-‘ and replacement. Periorm o 1NCs

ents that affect the operation of the
an:* no others, Except whare otherwise

Il of the following acdjustme must ve performed
twice—once for each of the two indeperndent power
supplies contained inthe instrumon:

redy
or re-

o1)

2 adjust-
Ity circuit

imeii~ 3
imnuicaten,

‘e

METER ZERO

w
|

~!

o

5-76 The meter pointer must rest on the zerc cali-
bration mark on the meter scale when the instru-
ment is at normal operating temperature, resting in
its normal operating position, and turned off, To
zero set the meter procecd as follows:

a. Turn on instrument and allow it (0 come
up to normal operating temperature (about 3% min-
utes).

L. Turn instrument off., Wait one minute for
power supply capacitors to discharge completaly,

¢. Insert sharp pointed object (pen point or
awl) into small indentation near top of round black
plastic disc located directly below meter face,

d. Rotate plastic disc clockwise until meter
reacs zero, then rotate counterclockwise slightly
in order to free adjustment screw irom meter sus-
pension. Pointer should not move during latter
part of adjustment,

5-77 NMETER CALIBRATION

5-78 Because of interaction between the ammecter
and voltmeter calibration potentiometers, the am-
meter must be calibrated before the voltmeter,
3-79 Ammeter Calibration. To calibrate the am-
meter, proceed as follows:

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

b, Turn VOLTAGE controls fully clockwise
and set meter switch to AMPS,

c. Turn on supply and adjust CURRLENT con-
trols until differential voltmeter reads 1.0 volts.

d. Adjust potentiometer R86 until front panel
meter indicates exactly maximum rated output cur-
rant,

5-80 Voltmeter Calibration. To calibrate the volt-
meter, proceed as follows:

a. Connect test setup shown in Figure 3-2.

b. Turn CURRENT controls fully clockwise
and set meter switch to VOLTS.

¢. Turn on supply and adjust VOLTAGE con-
trols until differential voltmeter reads exactly
maximum rated output voltage,

d. Adjust potentiometer R8C until front pan-
el meter also reads exactly maximum rated output

voltage.

v ey e
ITOVOLTAGE

ut Yoitage, I
wacking orror suact
s zero output veliage
the instro ~1°":t in the
{ this reguirement, whan operat
NT mode ard programmed for zero out-
front panel pot, the slave's output
T e a maximum of GUMV aLove zero,
the slave supply is adjusted in the [NDEPENINT
more to remove this positive voltage, the instru-
ment will not meet tne tracking specificaticn.
The master supplyv's zero output veltage adjust-
mant may be made with the instrument operating in
either the TPACKING or the INDLPLNDLNT mode,
though adjustment in the TRACKING mode is some-
what more convenient due to the restriction that
the slave be adjusted in the TRACKING moda,
Note that since the master supply is the reference
against which the slave supply tracks, the master
supply's zero output voltage adjustment must Le
mad2 before the slave supply is adjusted,

=4 i the

If

5-%3 To calibrate the zero voltage programming
accuracy, proceed as follows:
Connect test setup shown in Figure 3-9,

"a

"o,

a.
and set switch 31 te position

b. Set front panel mode switch to TRACKING,
and connect jumper between minus output terminal
of left supply and positive output terminal of right
supply as shown on front pahel and 1 Figure 5-9,

c. If instrument is tc be locally programmed,
turn master VOLTAGE controls fully counterclock -
wise. If instrument is to pbe remote programmer:,
connect remote proyramming setup (Figures 3-3,
3-4, or 3-5) to master supply, and adjust romote
resistance or voltage to zero (minimum),

Rotate both sets of CURRENT controls fully
clockwise and turn on supply.

e. Adjust potentiometer R24 in =
ply until differential volimeter reads exactly zero,

f. Move switch S1 to position "B",

a. Adjust potentiometer R24 in slave supply
until differential voltmeter reads ex ;actly zero,

v

naster sup-

5-84 CV Programnmung Accuracy. The voltagn Pro-
gramming accuracy is determined by the voliage
programming current {lewing through both the pull-
out resistors {R15, R1€) ard the voltage conirols
(R27A, R27B); this current determines the program-
ming coefficient., The following procedure adjusts
the voltage programming current to obtain a coeffi-
cient of exactly 200 chms per volt:

a. Connect a 0.1%, 1/8 watt resistor of
value shown below between terminals -S and AZ on
rear barrier strip,

6227B
62288

5Ka
10KA



b, Remove strap between terminais A2 and
A3 on rear Larrier strip,

c. Connect decade re
of resistor Rle,

d. Connect differential voltmeter across
rear output terminals of supply.

e, Turn CURRENT control, fully clockwise
and turn on supply,

f. Adjust decade res:stance pox until fiffer-
ential volimeter indicates exactly maximu= rated
output voltage.

G. Replace decade resistance bow with ro-
sistor of appropriate value in R16 positicon.

sistance bex in vlace

5-85 CONSTANT CURRENT PROGRAMMING CUR-
RENT

5-86 Zerc Current Qutput. Since constant current
operation is not possible when the instrument is
operated in the TRACKING mo , the zero current
output adjustment for both supplies must e made
separately with the instrument operating in the IN-
DEPENDENT mode. The adjustment procadure
varies the bias voltage on the base of cne side of
the constant current comparator differential ampli-
fier.

5-87 To calibrate the zero current programming
accurcy, proceed as foliows:

a, Connect test setup shown in Figure 3-11,

. If supply is to be locally programmed,
tern CURRENT controls fully counterclockwise, If
supply is to be remote programmed, connect remote
programming setup (Figure 3-6, 3-7, or 3-8) and
adjust remote resistance or voltage to zero (mini-
mum), .

c. Rotate CUKKRENT controls [uiiv clockwise
and turn on supply,

5-21

¢ on differential voltmeter,

d, Observe readis
If it is more positive than 2 volts, shunt resistor
R»> with decade rasistance box,
~rsistance until differen-
tial voltmeter reass zaro, then shunt RS with re-
sistance valu2 <-gua that of decade resistance,

f. Ifreading of Step (&) is mors negative
than 6 volts, shunt resistor R7 with decacde resis-
tance box,

G. Adjust decade resistance until difforan-
tial voltmeter reads z=2ro, then shunt resistor R7
with resistance vaiue eqgual to that of decade Lox,

i
0
-

5-88 CC Programuming Accuracy, To calibrate the
constart current programming current, proceed as
follows:

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

b, Remove strap between terminals A6 and
A7 on rear barrier strigs.

c. Connect a 1Kn, 0.1%, 1/38 watt resistor
between terminals A4 and A6,

d. Connect decade resistance box in place
of resistor R2.

e. Rotate VOLTAGEL controls fully clockwisn
and turn on supply.

f. Adjust decade resistance until difforon-
tiat volimeter reads 1,0V,

g. Replace dzcade resisiance with appro-
priate value resistor in R2 pocition.

5-89 CROWBAR DISABLEMENT

o

5-90 To disable the overvoltage protection crow-
bars completely, disconnect the anodes of SCR's

CR4(A) and CR4{B). The SCR's are mounted on the
chassis (see Figure 7-2); their connecting wires

are e2asily accessed by removing the botiom cover
of the instrument,

A8

e e ot 2



SECTION Vi
REPLACEABLE PARTS

6-1 INTRODUCTION

6-2 This section contains information for orcering
replacement garts. Table 6-4 lists parts in alpha-
numeric order by reference designators and provides
the following information:

a. Reference Designators. Refer to Table 6~1,

b, Description. Refer o Table 6-2 for ab-
breviations,

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

d. Manufacturer's Part Number or Type.

e. Manufacturer’s Federal Supply Code Num-
ber. Refer to Table 6-3 for manufacturer's name and
address,

f. Hewlett-Packard Part Number.

g. Recommended Spare Parts Quantity (RS)
for compleie maintenance of one instrument during
one vear of isolated service.

h. Parts not identified by a reference desig-
nator are listed at the end of Table 6-4 under Me-~
chanical and/or Miscellaneous. The former consists
of parts belonging to and grouped by individual as-
semblies; the latter consists of all parts not im-
mediately associated with an assembly,

6-3 ORDERING INFORMATION

6-4 To order a replacement part, address order or
inquiry to your local Hewlett-Packard sales office
(see lists at rear of this manual for addresses),
Specify the following information for each part:
Model, complete serial number, and any Option or
special modification (J) numbers of the instrument;
Hewlett-Packard part number; circuit reference des-
ignator; and description. To order a part not listed
in Table 6-4, give a complete description of the
part, its function, and its location.

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

ing (lamp) M = meter

Table

6-1. . Reference Designators (Continued)
P plug \Y = vacuum tube,
Q transistor reon bulb,
R resistor rhotocell, etc,
S switch VR = zener diode
T transformer X = socket
TB = terminal block Z = integrated cir-
TS = thermal switch cuit or network
Table 6-2, Description Abbreviations
A = ampere mfr = manufacturer
ac = alternating mod, = modular or
current modified
assy, = assembly mtg = mounting
bd = board n = nano = 10~
bkt = brecket NC = normally closed
oC = degree NO = normally open
Centigrade NP = nickel-plated
cd = card IS = ohm
coef = coefficient obd - order by
comp = composition description
CRT = cathode-ray OD = outsid>
tube diameter
CT = center-tapped | p = pico = 10~12
dc = direct current P.C. = printed circuit
DPDT = double pole, pot. = potentioneter
double throw p-p = peak-to-peak
DPST = double pole, ppm = parts per
single throw million
elect = electrolytic pvr = peak reverse
encap = encapsulated voltage
F = farad rect = rectifier
or = degree rms = root mean
Farenheit square
fxd = fixed Si = silicon
Ge = germanium SPDT = single pole,
H = Henry double throw
Hz = Hertz SPST = single pole,
IC = integrated single throw
circuit SsS = smail signal
ID = inside diameter| T = slow-blow
incnd = incandescent tan. = tantulum
k = kile = 103 Ti = titanium
m = milli = 10-3 v = volt
M = mega = 106 var = variable
M = micro = 106 ww = wirewound
met, = metal w = Watt




Table 6-3. Code List of

Manutacturers
CODE CODE
NO. MANUFACTURER ADDRESS NO. MANUFACTURLR ADDRESS
00629 | ERY Sales Co., Inc. Jamaica, N.Y. 07138 | Westinchouse Clectric Corp.
00656 | crovox Corp. New Bedford, Mass. Elecironic Tube Div, Elmira, N.Y.
00853 | Sangamo Clectric Co. 07263 | Faircnild Camera and Instrumer.t
S. Carolina Div, Pickens, S.C, Corp. Semiconductor Div,
01121 [Allen Bradley Co, Milwaukee, Wis, Mountain View, Calif.
01255 | Litton Industries, Inc, 07387 | Birtcher Corp., The Los Angeles, Calif.
Beverly Hills, Calif. 07397 | Sylvania Electric Prod. Inc.
01281 } TRW Semiconductors, Inc. Sylvania Electronic Systems
Lawndale, Calif. Western Div, Mountain View, Calif,
01295 |Texas Instruments, Inc. 07716 | IRC Div. of TRW Inc. Burlington Plant
Semiconductor-Components Div, Burlington, lowa
Dallas, Texas 07810 | Continental Device Com,
01686 | RCL Electronics, Inc. Manchester, N, H, Hawthorne, Calif,
01930 {Amerock Corp. Rockford, Ill, 07933 | Ravtheon Co. Components Div,
02107 | Sparta Mfg. Co. Dover, Ohio Semiconductor Operation
02114 | Ferroxcube Corp. Saugerties, N.Y. Mountain View, Calif.
02606 | Fenwal Laboratories Morton Grove, I11, 08484 | Breeze Corporations, Inc. Union, N.]J.
02660 }Amphenol Corp. Broadview, 111, 08530 } Reliance Mica Corp. Brooklyn, N.Y.
02735 [ Radio Corp. of America, Solid State 08717 | Sloan Company, The Sun Valley, Calif,
and Receiving Tube Div, Somerville, N,7J. 08730 | Vemaline Products Co. Inc. Wyckoff, N,
03508 | G.E. Semiconductor Products Dept, 08806 | General tlect. Co. Minia-
Syracuse, N.Y. ture Lamp Dept. Cleveland, Ohio
03797 |Eldema Corp. Compton, Calif, 08863 | Nylomatic Corp. Norrisville, Pa.
03877 {Transitron Electronic Corp. 08919 | RCH Supply Co. Vernon, Calit,
' Wakefield, Mass., 09021 [Airco Speer Llectronic Comporents
03888 | Pyrofilm Resistor Co. Inc. Rradford, Pa,
Cedar Knolls, N.7J. 09182 | *Hewlett-Packard Co. New Jersey Div,
04009 |Arrow, Hart and Hegeman Electric Co, Berkeley Heights, N.J..
Hartford, Conn, 09213 | General Elect. Co. Semiconductor
04072 JADC Electronics, Inc. Harbor City, Calif, Prod. Dept. Buffalo, N.Y.
04213 |Caddell & Burns Mfg. Co. Inc. 09214 | General Elect, Co. Semiconductor
Mineola, N.Y. Prod. Dept. Auburn, N.Y,
04404 | *Hewtett-Packard Co. Palo Alto Div. ) 09353 | C & K Components Inc. Newton, Mass.
Palo Alto, Calif, 09922 |Burndy Corp. Norwealk, Conn,
04713 } Motorola Semiconductor Prod. Inc. 11115 {Wagner Electric Corp.
Phoenix, Arizona Tung-Sol Div, Bloomfield, N.]J.
05277 | Westinghouse Electric Corp. 11236 {CTS of Beme, Inc. Berne, Ind.
Semiconductor Dept. Youngwood, Pa. 11237 [Chicago Telephone of Cal. Inc.
05347 | Ultronix, Inc. Grand Junction, Colo. So. Pasadena, Calif,
05820 |wakefield Engr. Inc. Wakefield, Mass. 11502 |IRC Div. of TRW Inc. Boone Plant
06001 |General Elect. Co. Electronic Boone, N.C.
Capacitor & Battery Dept. Irmo, S.C. 11711 [General Instrument Corp
06004 {Bassik Div, Stewart-Warner Corp, Rectifier Div. Newark, N.J.
Bridgeport, Conn. 12136 | Philadelphia Handle Co. Inc.
06486 |IRC Div. of TRW Inc. Camden, N.J.
Semiconductor Plant Lynn, Mass. 12615 JU.S. Terminals, Inc. Cincinnati, Ohio
06540 |Amatom Electronic Hardware Co. Inc. 12617 |Hamlin Inc. Lake Mills, Wis~onsin
New Rochelle, N.Y. 12697 |[Clarostat Mifg. Co. Inc. Dover, N.H,
06555 }Beede Llectrical Instrument Co. 13103 }Thermalloy Co. Dallas, Texas
Penacook, N, H. 14493 |*Hewlett-Pacrard Co. Loveland Div,
06666 |General Devices Co. Inc. Loveland, Colo.
Indianapolis, Ind. 14655 |Cornell-Dubilier tlectronics Div,
06751 |Semcor Div. Components, Inc. Federal Pacific Electric Co.
Phoenix, Arizona Newark, N.J.
06776 |Robinson Nugent, Inc, New Albany, Ind, 14936 |General Instrument Corp. Semicon-~
06812 |Torrington Mfg. Co., West Div, ductor Prod. Group Hicksville, N.Y.
Van Nuys, Calif, 15801 |Fenwal Elect, Framingham, Mass.
07137 |Transistor Electronics Corp, 16299 |Corning Glass Works, Electronic
Minneapolis, Minn, Components Div, Raleigh, N.C,.

*Use Code 28480 assigned to Hewlett~Packard Co,

, Palo Alto, California
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CODE
NO. MANUFACTURLE ADDRISS
15738 | Delco Pazio Div. of Uoneral Motors Corp.
Kokomo, Ind,
17545 | Atlantic Semiconductors, Inc.
Asbury Park, N.J.
17803 | Fairchild Camera snd In<irument Corp
Semiconductor Div, Transducer Plant
Mountain View, Calif,
17870 | Daven Div. Thomas 4. Zdison Industries
McGraw-Edison Co, Qrange, N.]1.
18324 | Signetics Corp. Sunnyvale, Calif,
18315 | Bendix Corp. The Navigation and
Control Div, Teterboro, N.7J.
19701 | Flactra/Midland Corp.
Mineral Wells, Texas
21520 | Fansteel Metallurgical Corp.
No. Chicago, Iil,
22229 | Union Carbide Corp. Electronics Div.
Mountain View, Calif,
22753 | UID Zlectronics Corp. Hollywood, Fla.
23936 | Pamotor, Inc. Pampa, Texas
24446 | General fiectric Co, Scheneciady, N.Y.
24455 { Geaeral Llzactric Co. Lamy Div, of Con-
sumer Prod, Group
Nela Pary, Cleveland, Ohnio
24655 | General Radio Co. Wast Concord, Mass.,
24681 | LTV Electrosystems Inc Memcor/Com-
ponents Operations Huntington, Ind,
26982 | Dynacool Mfg. Co. Inc, Saugerties, N.Y.
27014 | National Semiconductor Corp.
Santa Clara, Calif.
28480 | Hewlett-Packard Cc. Palo Alto, Calif,
28520 | Heyman Mfg. Co. Kenilworth, N.J.
28875 | IMC Magnetics Corp.
New Hampshire Div. Rochester, N, Y.
31514 | SAE Advance Packaging, Inc.
Santa Ana, Calif,
31827 | Budwig Mfg. Lo. Ramona, Calif,
33173 | G.E. Co. Tuoe Dept. Owensboro, Ky,
35434 | Lectrohm, Inc. Chicago, Ill.
37942 | P. R, Mallory & Co, Iac.
indianapolis, Ind,
42150 | Muter Co. Chicago, Il1.
43354 | New Departure~Hyatt Bearings Div.
General Motors Corp. Sandusky, Onio
44055 hmite Manufacturing Co. Skokie, Il1,
46384 | Penn fngr. and Mfg. Corp.
Dovlestewn, Pa.
47904 | Polaroid Corp. Campridge, Mass,
49956 |Raytheon Co, Lexington, Mass,
55026 |Simpson Electric Co. Div. of American
Cage and Machin~ Co. Chicago, I,
56289 |Sprague Electric Co. North Adams, Mass.
58474 | Superior Electric Co, Bristol, Conn,
58849 | Syntron Div, of FMC Zorp.
Homer City, Pa,
59730 {Thomas xnd Betts Co. Philadelphia, Pa.
61637 |Union Carbide Corp. New York, N.Y.
63743 |War Lecrard Electric Co.

Mt. Vermon, N.Y.

*Use Code 71785 assigned to Cinch Mfg, Co., Chicago, Ill.
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wwierers (Centinunc)
COZ\T e
NS MNANUFACTURER ADDRISS
70303 | Ampertie Co, Ino ion Ty, N
70401 | Beomer £ngryg, Co asnrington, Pa,
70403 | Belden Corp. Chicagyo, Il
71212 | Bud Radio, Inc. Voatloushny, Ohio
71278 | Cambridge Thermionic Corg,

Cambriage, Mass,

71400 | Bussmann Mig. Div, of McGraw &
Edison Co. 31, Louis, Mo.
i“lihart, Ind,

73556
73734

74183
74545
74868

74979
75042
75183

75376
75382
75915
76381

76385
76487

76493

CTS Corp.

1. 7. 7. Cannon Eleciric Inc,
Los Angeizs, Calif,

Globe-Unton Inc.

Centralab Div. Milwaukee, Wis,
General Cable Corp. Cornish

Wire Co. Div, Williamstown, Mass.
Coto Coil Co. Inc. Providence, R.1L.
Chicage Miniature Lamp Works

Chicago, I,
Cinch Mig., Co. and Howard

B, Jones Div, Chicago, Ill,
Dow Corning Corp. Midland, Mich,
Clectro Motive MY, Co. Inc,

Wilhimantic, Conn.
Diialight Corp, Brooklyn, N.Y.
(&% ral Instrument Corp, Newark, L]
Drake Mfg, Co. Harwood iieignts, I,
Elastic Stop Nut Div. of

Amerace Esna Corp. Union, N.J.
Lrie Technological Productis Inc, irie, Pa,
Hart Mfg. Co. Hartford, Conn,
Beckman Instruments Inc,

Helipot Div. Fullerton, Calif.
Fenwal, Inc, Ashland, Mass,
Hughes Airciraft Co, Lilactron

Dynamics Div. Torrance, Calif,
Amperex Llectronic Corp,

Hicksville, N,
Bradley Semiconductor Corp,
New Haven, Conn,
Carling El2ctric, Inc. iHartford, Conn,
Federal Screw Products, Inc,
Chicago, Il
Heinemann Electric Co, Trenton, N.J.
Hubbell Harvey Inc. Sridgeport, Conn,
Amphenol Corp. Amphenol RT v,
’ Danbiry, Conn.
E. F. Tehnson Co. Wasaca, Mian,
IRC Div. of TRW, Irc. Philadelpnia, Pa,
*Howard B, Jones Div, of Cinch

Mig. Corp. New Yorx, N.Y.
Kurz and Kasch, Inc. Dayton, Chio
Kilka Electric Corp. Mt. Vernon, N.Y.
Littlefuse, Inc. Des Plaines, [,
Minnesota Mining and Mg, Co.

St. Paul, Minn,
Minor Rubber Co. Inc. Bloomfield, N.J.
james Millen Mfg.” Co. Inc.

Malden, Nass.,
Compton, Calif.

J. W, Miiier Co.

i ¢ e

o



Table ©-3,
CcOoD:
NO. TURLR SDNRNSS
7653v | Tinch Ciry of Induntry, Talif,
768541 Cax NMig, Co. Div. of Oak
Electro/Netics Corp,  Crvstal Lake, Il
77008 | Bendix Corp,, Llectrodynamics Div,
~o. Hollvwocd, Calif.
771221 Palnut Co, Mountainside, N, J.
77147} Fatrton-MacGuver Co. Trovidence, RO
77221 | Phaostron Instrument and T
south P
77252 | Philadelphia Steel and Wire Corp.
Philadelphia, Pa.
77342 | American Machine and Foundry Co.
Potter and Brumfield Div. Princeion, Ind.
77636 TRW Electronic Componznts Div,
Camden, N,]J.
77764 | Resistance Products Co. Harrisburg, Pa.
78189 | Ilinois Tool Works Inc. Shakeproof Div.
Elgin, Ill.
78452 ] Lverlock Chicago, Inc. Chicago, Ill,
78483 | Stackpole Carbon Co. 5t. Marys, Pa.
78526 ] Stanwyck Winding Div. San Fernando
Electric Mfg. Co. Inc. Newburgh, N.Y.
785331 Tinnerman Procducts, Inc. Cleveland, Ohio
78584 ] Stewart Stamping Corp. Yonxers, N.Y.
136} Waldes Kohinoor, Inc. LILC., N.Y.
79307 | Whitehead Metals Inc, New York, N.Y.
79727 | Continental-Wirt Electronics Corp.
Philadelphia, Pa.
799631 Zie.ick Mfg. Co. Nt Kisco, N.Y.
80031} Mepco Div, of Sessions Clock Co.
Morristown, N.]J.
80294 | Bourns, Inc, Riverside, Calif.
81042} Howard Industries Div. of Msl Ind. Inc.
Racine, Wisc.
81073} Gravhill, Inc. La Grange, Il
81483 | International Rectifier Corp,
£l Segundo, Calif,
81751 ] Columbus Clectronics Corp. Yonkers, N.Y.
82099 Goodyear Sundries & Mechanical Co. Inc.
New York, N.Y.
82142 | Airco Speer Electronic Components
Du Bois, Pa.
82219 | Sylvania Electric Products Inc,
Elactronic Tube Div. Receiving
Tube Operations Emporium, Pa.
82389 Switchcraft, Inc. Chicago, Il
82647 | Metals and Conirols Iac. Control
Products Group Attleboro, Mass.
82866 | Research Products Corp, Madison, Wis,
82877} Rotron Inc. Woodstock, N.Y.
82893} Vector tlectronic Co. Glendale, Calif.
83058 ] Carr Fastener Co. Cambridge, Mass,
83186} Victory Engineering Corp.
Springfield, N,]J.
83298 Bendix Corp. Electric Power Div,
Eatontown, N.J.
83330| Herman H, Smith, Inc. Brooklyn, N.Y.
83385} Central Screw Co. Chicago, Ill,
83501 ] Gavitt Wire and Cable Div. of

Amerace Esna Corp.

Brookfield, Mass.

Coso List of Mar
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nufacturars (Gontinuasi)
Ty e
V%J MANUPACTURIR \DIRTSS
335981 Grant Mullev and Hardware Co,
West Nyack, N Y.
83564 Burrougns Corp. Cléctronic
Cfomponents Div. Plainfield, XN.7.
83335 U.S. Radium Corp, forristown, N.J,
83877 | Yardeny Laboratories, Inc.
Neow York, N.Y.
841711 Arco Clectronics, Inc. Great Neck, N.Y.
84411 | TRW Capacitor Div, Ogallala, Nebn
8r684 | RCA Corp, Tlectronic Components
. Harrison, N.J.
6838 | Rummel Fiizre Co. Newark, N.J.
870341 Marco & Qak Industries a Div. of Qak
f,}ectro/nctics Corp. Anaheim, Calif,
87216 | Philco Corp, Lansdale Div. Lansdale, Pa,
87585 ] Stockwell Rubber Co. Inc.
Philadelphia, Pa.
87929 | Tower-Olschan Corp, Bridgeport, Conn.
88140 Cutler-Hammer Inc. Power Distribution
" and Control Div, Lincoln Plant
Lincoln, i1,
882457 Litton Precision Products Inc, USECO
Div. Litton Industries Van Muys, Calif.,
90634 | Guiton Industries Inc, Metucnen, N, J.
90763 | United-Car Inc. Chicago, Ili,
91345} Miller Dial and Nameplats Co,
i £l Monte, Calif,
91418 | Radio Materials Co. Chicago, Iil,
91506 | Augat, Inc. Attleboro, Mass,
91637 | Dale Llectronics, Inc, Columbus, Neb,
91662 ] Elco Corp. Willow Grove, Pa,
91929 Honeywell Inc., Div. Micro Switch
Freeport, 111,
92825 | Whitso, Inc. Schiller Pk., Iil,
93332 | Sylvania Electric Prod, Inc. Semi-
conductor Prod, Div, Woburn, Mass,
93410} Essex Wire Corp. Stemco
Controls Div. Mansfield, Ohio
94144 Raytheon Co. Components Div,
Ind, Components Oper.  Quincw, Mass,
94154 | Wagner Electric Corp,
Tung-Sol Div, Livingston, N.J.
94222} Southzo Inc, Lester, Pa,
952631 Leecraft Mfg. Co. Inc, L.ILC., N.Y.
953541 Methode Mfg. Co. Roiling M=adows, Il
92712} Bendix Corp. Microwave
Zcvices Div, Pronklin, Ind,
95987 | Weckesser Co. Inc. Chicago, Ill.
96791 ] Amphenol Corp. Amphenol
Controls Div, Janesville, Wis,
97464 | Industrial Retaining Ring Co.
Irvington, N.]J.
97702} IMC Magnetics Corp, Eastemn Div,
Westbury, N.Y.
98291} Sealectro Corp, famaroneck, N.Y,
98410| ETC Inc. Cleveland, Ohio
98978 | Intemnational Llectronic Research Corp.
Burbank, Calif,
99934} Renbrandt, Inc. Boston, Mass,




s Table 6-4. Replaceable Parts
" REF. . MFR, HP ‘
Al MOTHER BOARD - TLECTRICAL
Al Printed Circuit Board, Mother 1 28480 | D6224-60020
C9A, 9B fydd, ~lect 325.F 35Vdce 2 23480 018u-0232 1
C10A,10B fxd, elect 80uT 65Vdc 2 72D1005 56289 0180-2258 1
C1llA-14A, . - N
11B-14B fxd, ceramic .03u4F 500V 8 33C17A 56284 9150-0052 2
CRISA-18A, )
15B-18B Rect. Si. 3A 200prv 8 MR1032B 04713 i901-0416 [5)
CR18A, 198,
20A, 20B,
21A, 218,
22A, 2258 Rect, S1. 20umA 180V 8 1N5059 03508 16901-0327 6
J1,32 Connector. PC Board edge 2 }252-22-30~340 71785 1251-1887 2
R75A, 75B fxd, ww 2504 5% S5W 2 Type 5XM 653743 1)811-1856 1
R76A, 768 ixd, WW Zka £3% SW 2 Tyope 5XM 63743 0812-0100 1
R91, 92 {xd, ww 4.5k, £.1% *10ppm 2tw 2 Type T2C 01686 0811-1993 1
T1 Transformer, Power 1 28480 | 06228-80091
A2 MASTLR BOARD - ELECTRICAL
A2 Printed Circuit Board, Mastc: 1 28480 1 9622%-6u021
C1 ixd, elect 730uT 75Vdc 1 28480 0180-1891 1
Cc2 fxd, elect 5uF 65Vde 2 28480 0180-1836 1
C3 fxd, mylar .QluF 200V 1 192P10392 56289 U160-9161 1
C4 fxd, mvlar .001.F 200Vdc 1 192pP22292 56289 0160-0153 1
CS fxd, mylar .14F 200Vde 1 192P10432 56289 0160-0168 1
ce,7 fxd, elect 16003, F 85Vde 2 28480 0180-1986 1
Cll fxd, elect 4.7u.F 35Vdc 1 150D475X9035B2 56289 0180-0100 1
Cl3 fxd, elect 5uF 65Vdc 28480 0180-1836
Cl15 fxd, mylar .47,F 25V° 1 SC11B75 56289 0160-0174 1
CR1 Diode, Si. 250mwW 200V 5 28480 1901-0033 5
CR2 Rect. Si. 3A 200prv 3 MR1032B 04713 1901-0416 3
CR3 Diode, Si. 250mA 75V 1 23480 1901-0050 1
CR4 Diode, Si. 400mw 15V 3 28480 1901-0461 3
CR5-7 Diode, Si. 250mwW 200V 28480 1901-0033
CR8, 9 Diode, Si. 400mV. 15y 28480 1401-0461
CR10 Diode, Si. 250mw 200V 28480 1901-0033
CR11 Diode, Si. 400mW 10V 28480 1901-0400 1
CR12 Rect. Si, 1A 200prv 1 IN5059 03508 1901-0327 1
CR13,14 Rect. Si. 3A 200prv MR1032R 04713 1901-0416
re Tuse Cartridge, 2A 250V 2AG
Normal Blow Pigtail 1 28480 | 2110-0262 5
Ql,2,7-11 NOT ASSIGNED - - - - -
Q3 SS PNP Si. 3 28480 1853-0099 3
Q4 SS NPN S, 5 28480 1854-0071 5
Q5 SS PNP Si, 28480 1853-0099
Q56,12-14 SS NPN Si. 28480 1854-0071
Q15 SS PNP Si. 28480 1853-0099
R1 fxd, ww 7.5k, 5% 3W 1 Type 242E 56289 0811-1815 1
R2 fxd, comp {Selected) +5% iw 2 Type EB (obd) 01121
R3 fxd, met. film lkn 1% 1/8W 2 Type CEA T-0 07716 0757-0280 1
62288
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REF, MR ap

DESIG. DISCRIPTION TG RICR, PART NQ. CODF PART 0. RS
RS fxd, comp 220k, 23 % ‘ 1 01121 0€86-2245 1
RE frd, mot, film 1.5 217 1/8W 2 Tt u771¢ HT57-0427 1
R7 fxd, comp 750k~ £% 1 01121 D686-7545 1
R8 fxd, comuy 75A 23" ‘V 2 0121 9686-75U5 1
R9,11, 14,

17,23,

27-29,139,

43,47,49,

53-67,78,

79,82,83 NOT ASSIGNED - - - - -
R10 fxd, ww 1~ 20,5+ 8W 1 Twvpe T-7A 01686 0811-2133 1
R12 fxd, comp 3.3. £3 1% —:‘ 1 EB-0335 01121 U686-~0335 1
R13 fxd, met, film 2005~ 21, 1,/8W 1 Type CEAT-9 07716 0757-0472 1
R15 fxd, ww 1, 3ka £5% 3W 1 Tvpe 242E 56284 U811-1803 1
R16 fxd, comp (Sclected) 57+ 4w Tvpe EB (obr) 01121
R18,19 fxd, comp 100, £53% : W 3 LB-1015 01121 0686-1015 1
R20 fxrd, ww lka 5% 3W 1 Type 242F 56289 u813-00ul 1
R21 fxd, comp 200~ 5% J:—\’v’ 2 LB-20153 61121 0686-2015 1
R22 fxd, comp 24~ 257 "_\\' 1 TB-2403 01121 068C6-2-105 1
R24 var, comp 25k 230%

(Zero Volt Adjust) 1 28480 2100-1534 1
R25 fxd, met, film 1.5k~ 214 1/78W Tvpe CEA T-0 0771¢ 1737-0427
R26 fed, met. film 249k~ 212 1/8W 1 Tvpe CEA T-U 07716 0757-0271) 1
R30 fxd, met. film 01,9k~ £1% 1/8W 1 Type CEA T-0 07716 0757-04€60 1
R31 fxd, met, [ilm ixa 217 1/8W 1 Tyvoe CLA T-U 7714 0757-0283 1
R32 frd, met, film 3.4k 21% 1/3W 2 Type CLA T-9 w7716 0698-4440 1
R33 fxd, comp 390a £5% w EB--3915 01121 0686-3915
R34 fxd, comp 10ka £5% —;V‘J 2 EB-1035 01121 0686-1035 1
R33 fxd, met. film 6.2k 1% 1/8W 1 Type CLA T-0) 07716 1698-5087 1
R36 fxd, comp 2ka 5% W 1 | £B-2025 G1121 | 068G6-2025 1
R37 fxd, comp 470~ 5% %\N" 1 EB-4715 01121 0686-4715 1
R38 txd, comp 150 £5% %W 1 EB-1515 01121 0686-1515 1
R40 fxd, met., film 470 21% 3W 1 Type CEB T-0 0771¢ YH9R-35006 1
R41, 42 fxd, met, film 7.5ka £1% 1/8W 2 Type CEA T-0 07716 U757-0440 1
R44 fxd, met. film 6004 £1% 1/8W H Type CEA T-U 07716 J757-1100 1
R45 fxd, comp 10k, 3% é\/‘;’ FB-1035 01121 0086~1035
R46 fxd, comp 470~ 5% %V\-’ EB-4715 01121 0686-4715
R48 fxd, met. film 2kn 1% 3 W 1 | Type CEB T-0 07716 | 0757-0739 1
R50 fxd, met, fiim 5.49kA £1% 1/8W i Type CEA T-U 07716 0698-3382 1
R51 fxd, comp 820~ 25% -;\ 1 EB-8215 01121 0686-8215 1
R52 fxd, met, film 3,4k, £17% 1/8W Type CEA T-0 07716 0698-4440
R68, 69 fxd, ww 14 5% 3W 20ppm 4 28489 0811-1732 1
R70 fxd, comp 10n £5% ﬁ:—\’v" i EB-1005 01121 0686-1005 1
R71 fxd, comp 914 £57% (1w 1 LB~9105 01121 0686-9105 1
R72 fxd, comp 2004 25 i W EB-2015 01121 0v86-2015
R73,74 fxd, ww la 23% 3\ 20ppm 28480 | 0811-1732
R77 ixd, ww 2kn 5% S5W 1 Tvpe 5XM 63743 0812-0109 1
R80 var, ww S5ka x20%

(Voltmeter Adjust) 1 Type 110-F4 1123¢ 2100-1821 1
R81 fxd, met, film 57.6k, 21% W 1 Type CEB T-0 07710 0757-0114 1
R85 fxd, met. film 42,2~ *17% 1,'8W 1 Type CEA T-0 07716 0757-0316 1
R86 var. ww 250, £20%

(Ammeter Adjust) 1 Type 110-F4 11236 2100-0439 1
R87 fxd, met, film lkn 1% 1/8W Type CEA T-0 07716 0757-0280 1
R88 fxd, met. film 1964 1% 1/8W 1 Type CEA T-0 07716 0698-3440 1
VR1, 2 Diode, zener 6,2V 250mW 2 28480 1902-1221 2
VR3, 4 Diode, zener 4.32vV 1W 2 28480 1902-0797 2

6228B
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RS, 11, 14,
17,23,

27-29,39,
43,47, 49,
53-67,78,

79,82,83
R10
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RET. NITR,
DTSIG SUSCRIPTION TG MTR, PART SO ) 8
K21 fxd, comp 2uUa W 2 1
R2Z fxd, comp 24~ 2374 4w 1 1
R24 var., comp :S‘rq (Zﬁfu‘olt Adj.) 1 1
R25 fxd, met. film 1.5k~ 217 1/8W Tvpe CEA T-0
R26 fxd, meot. ‘11..1 4GkaA 2170 1/8“’ 1 Tyvpe CEA T-0 1
R30 fxd, met. {ilm 01,9k~ il C 18w 1 Twoc CIA T-C 1
R31 fxd, mer. film 2k~ 217 l/ BW 1 Tvpe CEA T-0 i
R32 fxd, mort. il 2100 1/80 2 Tvpe CTA T-0 07710 1
R33 fxd, comp t.%i’ },W 1 B-3915 1121 1
R34 fxd, comp 1 iS?‘i -‘-\" 2 ~B-1633 11121 1
R33 fxd, met. 1 Tvpe CEA T-U 07716 1
R36 fxd, comp 2ka 1 £-2025 01121 1
R37 fud, comp 170n 2 nB-4715 ¢1121 i
R38 fxd, comu 1 1 B-1515 1121 1
R4 fxd, met, 1 Tyvpe CEE T-Q 07714 1
R41, 42 fxd, met, 2 Tyvpe CLA T-0 G771¢ 1
R44 ixd, met, 1 Tvpa CTA T-0 077146 1
R45 fxd, comp TB-1033% 01i2])
R456 fxd, comp fBE=-4715 U1121 ;
R43 ixd, met. fi 1 Tyvpe CLB T-v ur 7l 5 1
R50 ixd, met, 1 Tvpe CEA T-0 8771 Ji9u5-3382 1
R51 fxd, comp ¢ 1 B8-8215 2112) o 3 1
R32 fxd, met, 4 Type CoA T~ 277 1¢ WLEERE ]
RG8, &9 fxd, ww 1~ £33 3w iEU;.‘»ptu 4 25430 o '] 1—1 3_' 1
R70 fxd, comp 10~ 5™ %,W 1 EB-1305 01121 2 i 1
R71 fxd, comp 91 5% Lw 1 £B-3105 121121 Al )
R72 fxd, comp 200~ £5% 1 W tB-2015 21121 BLAC-Z15
R73,74 fxd, ww la £57% 3W x20ppom 28180 0511-1732
R77 ixd, ww 2k, £57% 3W 1 T SxM 3743 35120100 1
R8O var, ww Ska £20% (Voltmeter Acdj,) 1 Tvpe 110 F4 11230 2luu-138 1
R81 fxd, met. film 37,6k~ 1% W 1 Type CILB T-0 07710 U757-0114 1
R85 fxd, met, film 42,2, £1% 1/8W 1 Tvpe CLA T-C GB77106 d757-0G73] 1
R80 var., ww 250~ £20%
{Ammeter Adjust) 1 Tvpe 110-F4 11236 1
R87 fxd, met, film lk~ 217% 1/8W Tvpe CEA T-0 DT
R88 fxd, met. film 1906~ £1% 1,301 1 Tyne CEA T-0 07716 1
VR1, 2 Diode, zener 6,2V 250m\W 2 28480 1612-1221 2
VR3, 4 Diode, zener 4.32V 2 284840 1902-0797 2
VRS Dicde, zener 4.22V 400mW 1 23480 1902-2470 1
Z1 Dual Independent Diff. Amp, 1 CA3026 027353 1820-0249) 1
22 Resistor Network 1 28480 1810-9042 1
Ad CROWBAR BOARD - ELECTRICAL

A4 Printed Circuit Board, Crowbar 1 23480 | del228-00023
C1A. 1R fxd., mviar G,22,F 80Vdc 2 192P2249R3 5u28Y DIG0-2453 1
CRI1A-3A,

1B-38B Diode, Si. 200mA 200prv ) 28480 1901-0033 o
QI1A, 1B SS NPN Si. 2 28480 185-4-uu27 2
Q2A, 2B SS NPN Si. 2 2N3417 03508 1854-0987 2
RIA, 1B fxd, comp 430~ 5% W 2 EB-4315 01121 0686-4315 1
RZA, 2B fxd, comp 200kA £5% %V‘.’ 2 EB-2045 01121 0686-2045 1
R3A, 3B fxd, comp 10ka #5% 1W 2 EB-1035 01121 0686-1035 1
R4A, 4B fxd, comp 3.9kn £5% W 2 EB-3322 d1121 0686-3925 1
RSA, SB fxd, ww 390A £5% 3W 2 Type 242C 56289 0811-1799 1

62288
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5 Way Binding Post (GND)

Fuse Cartridge, 4\ 230V 3AG
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Switch, Slide, DPDT (115/230V
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312.904
312.002

KH-4366

28480

75215
75915

70903

28480

28480

28480

1510-00-43

2110-u05%
2110-0002

B1290-005:
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CHASSIS - ELECTRICAL
SCR, 12,5A €00prv
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28480
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RCF. NFR. HP
DESIC. DESCRIPTION TO MR, PART NO. ole)a) PART NO RS
P.C. SEOARDS - MECHANICAL
Hex Nut Bushing 2 25480 2950-0334
3usaing 2 254873 1410-0052
Barrier Block 2 28480 0360-1573
Jumper 14 23430 0360~-1143
FRONT PANEL - MECHANICAL
Motor Trim, Ton 1 2548¢ 5520-5770
Eezal, Moter, 317 2 23430 4040-0483 1
Meter Combining Pin 1 234td 1480-0181 1
Front Panal, Basic 1 23480 5020-5773
Front Panzl, Control Section Insart 1 28480 5000-6265
Fron: Panel, OQutput Section insert 1 234890 5000-62066
Corporate Logo 1 28480 7120-1254
Koo B 23-180 037¢-0179 1
¥rnoo - B 283480 U372-0101 1
Kaurled Nut (R4A, R4B, R27A, R27B) 4 76320NP 73734 0590-0856 1
Lamgholder, Clear, DS1 1 284840 5G40-0234 1
Lampholder, Base, DSI 1 28480 5040-0305 1
Stand, Tilt, Foot Assemunly 1 23480 1490-4032
Hinge, Foot Assembly 2 28480 5040-0700
Foot Assemialy 1 28180 5069-0728
REAR PANEL - NMICHANICA
Heat Sink, Rear Panel, Q92-11(% & B) 1 22480 5020-5774
Rear Panel - Lower 1 28480 5000-62064
Rear Par2! - Upper 1 28480 5000-6263
Covzr, Rear tarrier Strigs 2 23180 50C0-6275
Shoulder Washer {CR4A. 4B; Q7A, 7B) B 28480 2190-~0491 ¥
Busking, Insulator (Q7A, 7B) 2 28480 | 0340-0171 2
Insulator, Mica (Q7A,7B) 2 23480 | 0340-0180 2
Insulator, Mica (CR4A, 4B; Q8-11A,

Q8-118) 10 28480 U340-0174 6
Serial Plate 1 28480 7120-1111
Bushing, Insulator, Emitter-Base,

Q8-11 (A & B), CR4A, CR4B 20 28480 0340-0166 8
Bushing, Insulator, Collector

Screws, Q8-11 (A & B) 16 28480 0340-0168 8
Fuscholder, Fl 1 342014 75915 1400-0084 1
Hex Mut, Fuseholder 1 28480 2950-0038 1
Lockwasher, Fuseholder 1 28480 2190-0037 1
Flat Neoprene Washer, Fuseholder 1 28480 1400-0090 1
Spacer 4 28480 J380~-0912 1
Strain Relief Bushing 1 28480 040C-0013
CHASSIS ASSCMBLY -~ MECHANICAL
Chassis, Center 1 28480 5000-6262
Cover, Side 2 28480 5060-6145
Cover, Top 1 28480 5060-0724
Cover, Bottom 1 28480 5000-6261
Fastener, Top and Bottom Covers 4 238480 0590-0052
Side Frame Assembly 2 28480 5060~-0703
Cable Clamp 4 28480 1400-0116 1
Guide, Printed Circuit Boards 4 28480 0403-0150
Bracing Rod, Insulated 1 28480 0380-0951

6228B
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REF.
DESIG.

DI SCRIPTION

Q

NiFR,

PART NO.

MISCLLLANTOUS

Manual
Carton, Tacking
Foater i, Packing

Fuse Cnvelope. Tl (237))

— i) =

e 2279000
v211-1143
§220-1404

OPTION 407

12-Turn Yoltage Control
R27 (1}, 27 (B) var, ww 10k~ 5% 2W, 10-Turn 2 23430 210U-1867, 1
Knob, Black 2 28480 J37u-0840 1
OPTION 008:
159-Turn Current Control
R4(A), 4(B) var., ww 1k~ 5% 2%W, 10-Turn 2 : 2 00-1804 1
Knob, Black 2 2550 ARVEAIEOERIP 1
OPTION 009:
19-Turn Currenit & Volitage Controls
R4(A), 4(B) var., ww lka £57% 2W, 10-Turn 2 28440 2100-18e 1
R27(A), 27(B) var, ww l0ka £5% 2W, 10-Turn 2 28480 21 =1808, 1
Knob, Black 4 285180 BT a-0n1 1
OPTION 013:
3 Digit Dacadial Yoltage Control
R27(A), 27 (B) var., ww 10k, 23% 2W, 10-Turn 2 28480 Z1uu-18un 1
3-Digit Decadial 2 RID-411 07714 114u=-06720 2

R4(A), 4(B)

y var, ww lka £57% 2W,

OPTION 014:

3 Digit Decadial Current Control

10-Turn
3-Digit Decadial

A

RD-411

23480
0771

2itu-1864
TV deianiny 2

62288
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SECTION Vi
SCHEMATIC DIAGRAM AND COMPONENT LOCATION DIAGRAMS

Thic section contains the diagrams necessary for
the operation and maintenance of this power sup-
ply. Included are:

a. Component location diagrams (Figures
7-1 through 7-6), showing the physical location
and reference designators of parts mounted on the
printed circuit boards and chassis,

7-1

b. The schematic diagram (Figure 7-7), ii-
lustrating the circuitry {or the entire power supply.
Test points {encircled numbers) are given on the
schematic. These points coincide with the test
poinis on the ccmpenant location diagrams and are
referred to thrournout the terxt. Voltages are given
in italics adjacent to the test points,
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Figure 7-2,
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Figure 7-3, -A4 Crowbar Printed Circuit Board
Component Location Diagram
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APPENDIX A
MANUAL BACKDATING CHANGES

Manual backdating changes describe changes necessary to adapt this manual to carlier instruments. To
adapt the manual to serial numbers prior to 1020A00121, inspect the following table for your serial number
and then make the appropriate changes. TFor serial numbers 1020A0012} and up, a change page may be in-
cluded.

SERIAL
- A CHANGES
Prefix Number
0OE 0101 - 012¢ 1

CHANGE 1: In the replaceable parts list and on the schematic diagram, make the following changes:
CR6: On both the A2 and A3 boards, disconnect anode from junction of CR3 and R20,
and connect it instead to junction of CR5 and R20.

R22: Delete on both the A2 and A3 boards.

R70: On both *n~ A2 and A3 boards, change to fxd, comp 3.3a, #5%, i1W, HP Part No,
0686-05335, ...... 01121, Mfr. Part No. EB-0335,

R34: On both the A2 and A3 boards, add, thermistor, 64, HP Part No. 9837-0023,
connected in parali2l with R85 in meter circuit,

Bracing Rod, Insulated: Delete.

Substitute the following for Paragraph 1-16 on Page 1-2:
1-16 Hewlett-Packard power supplies are identified by a three-part serial number.
The first part is the power supply model number. The second part is the serial
number prefix, consisting of a number-letter combination denoting the date of a
significant design change. The number designates the year, and the lotter A
through M designates the month, January through December, respectively, with
"I" omitted. The third part is the power supply serial number; a different se-
quential number is assigned to each power supply.



MANUAL CHANGES

Model 6228B DC Power Supply
Manual HP Part No. 06228-90001

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

SERIAL MAKE
Pr :fix Number CHANGES
ALL - Errata
1020A 0161 - 0340 1
1145A 0341 - 0466 1,2
1145A 0467 - 0495 1,2,3
1145A 0496 - 0575 1 thru 4
1145A 0576 - 0695 1thru 5
1145A 0696 - 0735 1 thru 6
11457 0736 - 0975 I thru 7
1145A 0976 - up 1 thru 8
ERRATA:

Page 5-21, Paragraph 5-87, Step C: Change
"CURRENT controls" to "VOLTAGE controls.”

CHANGE 1:

In the replaceable parts table and on the schematic

diagram add new capacitors, A2C16 and A3C16:
1uF, 35V, HP Part No. 0180-0291. C16 is con-
nected across the current sampling resistance
(R10) in both the master and slave supplies,

CHANGE 2:

In the replaceable parts table and on the schematic
diagram, make the following changes:
® A2F2: Change to 2A 250V, HP Part No. 2110-
0002. F2 has been moved from Master Board (A2)
to the chassis and is now in series with the
Master's negative output lead (from CR16A-
CR17A).

A3F2: Change to same fuse as A2F2 and designate
F3. This fuse has also been moved to the chas-
sis from the Slave Board and is in series with
the Slave's negative output lead (CR16B-CR17B).

A2,A3R85: Delete (short-out} K35 1n the two mete!
circuits,

CHANGE 3:

In the replaceable parts table and on the schematic
(as applicable), make the following changes:
F1 (230V): Change F1 (230V) to 2A slow blow,
HP Part No. 2110-0303.
CR16: Add diode CR16, HP Part No. 1901-0416
as shown below:

<+

cer/é

67/1'\

The standard colors for this instrument are now
mint gray {for front panel and rear panels) and

olive gray (for all top, bottom, side, and other ex--
ternal surfaces). Option X95 designates use of

the former color scheme of light gray and blue gray.
Option A85 designates use of a light gray front
panel with olive gray used for all other external
surfaces. New part numbers are shown on back.

ZRRATA:

In the replaceable parts table, make the following
changes:

R4: Change R4 {dual variable resistor., CUR~
RENT control) to HP Part No 2100-2942

R27: Change R27 (dual variable resistor,
VOLTAGE control) to HP Part No. 2100-2527.
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CHANGE 4:

In the Replaceable Parts Table under Chassis-
Electrical, and on the schematic, make the follow-
ing changes:

Terminal Board: Add Terminal Board, HP Part
No. 0360-0401.

CHANGE 7:

In the parts list under Front Panel-Electrical,
change toggle switch S1 to HP Part No. 3101-
1055.

CHANGE 8:

in parts list under Rear Pane!-Mechanical:
Delete: Shoulder washer, qty 4, 2190-0491
Bushing, qty 2, 0340-0171

Terminal Board: Add Terminal Board, HP Part Add: Transistor insulator, gty 2, 0340-0547
No. 0360-0393.
R91, R92: Add resistors R91 and R92, 0.75a
+10%, 5W, HP Part No. 0811-1849.
RI1 is placed in series with the anode of
CR4(A) and + out. R92 is placed in seriés with the
anode of CR4(B) and + out. The resistors provide
current limit when the crowbars are activated by a
capacitive load or battery on the output.
CHANGE 5:
In the replacement parts table and on the schematic,
change F1 (115V) to 4A, 250V, slow blow, 2110-
0365. 1In the replacement parts table under Rear
Panel-Mechanical, add transistor insulator 0340-
0503 (quantity, 2).
CHANGE 6:
In the parts list and on the schematic for both
the 22 master board and the A3 slave board,
change R36 to 3K 1/2W, HP Part No. 0686-3025;
and change R15 to 1. 4K 5% 3W 30ppm, HP Part
No. 0811-1804.
DESCRIPTION HP PART NO.
STANDARD OPTION ABS OPTION X95
Front Panel 06228-60004 06228-60003 -
Meter Trim 5020-8061 5020-5770 -
Upper rear panel 5000-9462 5000-6263 -
Left & Right Side Covers| 5000-9432 - 5000-6145
Rear Barrier Strip Covers| 5000-9450 - 5800-6275
Heat Sink 5020-8069 - 5020-5774
Top Cover 5060-8585 - 5060-0724
Bottom Cover 5000-9444 - 5000-6261

8-28-75
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