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SECTION I
GENERAL INFORMATION

1-1 DESCRIPTICN
1-2 The Power Supply/Amplifier {PS/A) shown on

Figure 1-1, i5 a general purpos=e¢ ingtrument use-~
ful in any laboratory engaged in research ahd
development of electronic systems or components,
The PS/A can be aperated ir: one of two basic
operating modes; power supply or amplifier, Ter-
minals on the rear barrier strip permit access to
various control points within the unit to further
expand the oporating capabilities of the instru-
ment. The resulting flexibility lends the PS/A to
an almost unlimited number of applications., Some
of these applications are outlined in Section III of
this manual; but a more couprehensive description
of the features and applications of the PS/A aie
included in Application Note 82 published by the
Harrison Division, A copy of Application Note B2
can be obtained from your local Heowlatt~Packard
field office. The following paragraphs descrihe
some of the features of the PS/A both as a power
supply and an amplifier,

1-3 POWER SUPPLY FPEATURES

1-4 The unit can be madn to function as a reg-
ulated dc power supply by settiag the frount panel
MODE switch to the SUPPLY position. The supply
can furnish elther a Constant Voltage output or a
Constant Current output (with the addition of an
external current sampling resistor}. The dc out-
put is bi-polar and is continuously adjustable
from its maximum rated positive value to an equal
negative value; smoothly through zero with no
polarity switch. Both the supply and the load are
protected agalnst overloads by a fixed current
limit which 's set by means of an internal adjust-
ment.

1~-5 The supply can be progra-amed (controlled)
at a very high rate of speed (less than 50 usec
for output voltage change over the cntire voltage
span). The supply can be programmed locally; by
means of the front panel control, or remotely; by

means of a resistance. voltage, or current source,
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1-6 A single meter {s used to measure dc output
voltage or current. A [ront panel METER switch
allows the dual purpose selection,

1-7 AMPLIFIER FEATTIRES

1-8 As a power amphilier the untt has a high
signal-to-neis2 ratio {40 db at fuil output) and an
adjustable gain of from 0 to 10 {20 db). The out-
put distortion.is low — less than 0, 02% at 1 KHz.
The amplifier contains a push-pull output stage
that can can furnish either a Constant Voltage
output or a Constant Current output {with the addi-
tion of an exteranl current sampling resistor),

The external input can be from either a voltage or
a current source, The bandwidth of the amplifier
is from dc to 20KHz (23db),

1-9 The ac component of the output signal can
be measured with the front panel meter (Model
6824A only).

1-10 SPECIFICATIONS

1-11 Detailed specification for the PS/A are given
tn Table 1-1,

1-12 OPTIONS.

1-13 Options are factory modifications of a stand-
ard instrument that are requested by the customer.
The following option is available for the instru-

ment covered by this manual,
|

D*:zscIh iption

Option No,
28 Rewire For 230V AC Input: Supply

as normally shipped is wired for 115
Vac l!}put. Option 28 consists of
reconnecting the input transformer
for 230 Vac operation,

1-14 ACCESSORIES

1-15 The applicable accessorles listed in the fol-
lowing chart may be ordered with the instrumert or

P i
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separately from your local Hawlett-Packard fleld
salas office (refer to list at rear of manual for ad-
dresses),

f_Part No, Description

145137 Rack Kit for mounting one 3" -high
unit, (Refer to Scction I for details)

14523A Rack Kit for mounting two 33" ~high
units, {Refer to Section II for dutails)

14515A Rack Kit for mounting onc 54" -high
unit. (Refer to Section II for derails.)

14525A Rack Kit for mounting two 54" -high
units, (Refer to Section II fur details)

1-1, INSTRUMENT IDENTIFICATION

1-17 Hewlett-Packard instruments are jdentified
by a three-part serial number tag, The first part is

www.valuetronics.com _

1-2

the unit model number. The sccond part 15 the
serfial number prefix. which consists of a number-
letter combinaiion that denotes the date of a sig-
nificant design change, The number designates
the ynrar, and the letter A through L desianates the
month, January through December respectively,
The third part is the tnstrument serial number,

1-18 If he serial number prefix on your unit does
not agrce with the prefix on the title page of this
manual. chanage sheats are included to update the
manual. Nhere apslicable, backdating information
is glven in aun aorendix at the rear of the manual,

1-19 QRDERING ADDITIONAL MANUALS

1-20 One manual is shipped with cach .nstrument.
Additional manuals may be purchased from your
local Hewictt-Packard field office (sce list at rear
of this marnual for addresses), Specify the mode!l
number, serial number prefix, and f stock number
provided on the title page,
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Table 1-1, Specifications

DC POWER SUPPLY POWER AMPLIFIER

QUTPUT: QUTPUT:
-20to +20 Vde @ 0 to 0.5 amp, 40 volts pcak-peak @ 0 to 0.5 amp,

LOAD REGULATION:
Less than 0. 02% plus 5 mV for a full load VOLTAGE GAIN:

to no load ch tput current,
on change In output curren Gain 15 vartable 0 to 10 (20db), Output is

LINE REGULATION: inverted,

Less than 0, 02% plus 5 mV for any line
voltage change within the input rating,
FREQUENCY RESPONSE:

RIPPLE AND NOISE:
Le: s than 2 mV rms. DC to 20 KHz (£3db) at full output.

RE'IOTE PROGRAMMING: DISTORTION:

Remote programming of the output at ap-
proximately 500 onms per volt 1s made available
at the rear terminals,

Output distortion is less than 0. 02% at
1 ¥Hz and maximum rated output,

INPUT IMPEDANCE:

PROGRAMMING SPEED:
Approximately 2K ohms,

Less than 50psec are required to program
between -20V and #20V. Typlcally, about 15usec

is requircd to program between 10% and 307 of the MAXIMUM PHASE SHIFT:

maximum voltage span. At dc — 180°
At 100 Hz — 181°

TRANSIENT RECOVERY TIME: At 10 KHz — 2050
Less than 100 psec for cutput recovery to At 20 KHz ~— 2259

wiihin 5 mV plus 0, 02% ifollow ng a full load
current change in the output,

INPUT; 105-125/210-250 Vac, single phase, 50-440 Hz; 0, 33 Amp, 24 Watts maximum,

STABILITY: Less than 0, 075% #5 mV total drift for 8 hours after an tnitial warm-up of 30 miputes at con-
stant line voltaye with ambient temperature variations held to 139G,

TEMPERATURE RANGES: Operating: 0 to 509C. Storage: ~-20 to +85°C.
TEMPERATURE COEFFICIENT: Less than 0. 015% plus 1 mV per degree Centigrade,

OUTPUT IMPEDANCE: Less than 0, 03 ohm from dc t¢ 100 Hz, Less than 0. 3 ohm from 100 wo 1000 Hz,
Less than 3 ohms from 1000 Hz to 100 KHz,

OVERLOAD PROTECTION: A continuously acting current limiting circuit protects the unit for all overloads
including a diract short placed across the output terminals,

METER: The fron: panel meter can be used as elther & =24V to +24V voltmeter or a ~0.6 to (0. 6 Amp Am-
meter,

SIZE: 3" H x 83" W x 13" D. Two units can be rack mounted side-by-side in a standard rack panel.
WEIGHT: 16 lbs. net, 20 lbs, shipping. |

FINISH: Light gray front panel with dark gray case,

AUXILIARY VOLTAGE SOURCE: Provides +20 Vde and -20 Vdc at 100 mA, Load regulation is less than
1. 3 Vde, line reqgulation is less than 0,15 Vdc, and ripple is less than 30 mV peak-to-peak, i

1-3
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SECTIUN 11
INSTALLATION

2-1 INITIAL INSPECTION

2-2 tefore shipment, this Instrument was inspec-
ted and found to be free of mechanical and electri-
cal defe-ts. As soon as the instrument is un-
packed, inspect for any damage that may have oc-
curred ln transit, Save all packing materials until
the inspe«tion is completed. If damage is found,
proceed a.; described in the Claim for Damage in
Shipment rection of the warranty page at the rear
of this marual.

2-3 MECHANICAL CHECK

2-4 This check should confirm that there are no
broken knobs or connectors, that the cabinet and
panel surfaces are free of dents and scratches,
and that the meter is not scratched or cracked,
2-5 ELECTRICAL CHECK

2-6 The instrument should be ch&cked against its
electrical specifications. Section V includes an
"in-cabinet" performance check to verify proper
instrument operation,

2=-7 INSTALLATION DATA

2-8 The instrument is shipped ready for bench
operation. It is necessary only 1o connect the

Figure 2-1.
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instrument 1o a source of power and it is ready for
cperation,

2-9 LOCATION

2-10 ‘This instrument is air cooled, Suffictent
space should be allotted so that a free flow of
cooling alr can reach the sides and rear of the
instrument when it is in operation, It should be

used in an area where the ambient temperature does
not exceed 50°C,

2=-11 RACK MOUNTING

2-12 This instrument may be rack mounted in a
standard 19 inch rack paznel either alongside a
similar unit or by itself. Figures 2-1 and 2-2 show
how both types of installations are accomplished.

2-13 To mount two units slue~-by-~side, proceed as
follows:

a. Remowve the four screws from the front
panels of both units,

b. Slide rack mounting ears between the
front panel and case of each unit,

c. Stlide combining strip between the front
panels and cases of the two units,

d. After fastening rear portions of units to-
gether using the bolt, nut, and spacer, replace
panel screws,
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Figure 2-2.

2-14 To mount a single unit in the rack panel,

proceed as follows:

a. Bolt rack mounting cars, combining
straps, and angle brackets to each side of center
spacing panels, Angle brackets are placed behind
combining straps as shown in Figure 2-2,

b. Remove four screws from front panel of

unit,

c. Slide combining strips between front

panel and case of unit.

d, Bolt angle brackets to front sides of case

and replace front panel screws,

2-15 INPUT POWER REQUIREMENTS

2~-16 This power su'pply rmay be operated from
either a nominal 115 volt or 230 volt 50-44C cycle
power source, The unit, as shippad from the fac-

tory. is wirad for 115 volt operation.

power requtred when operated from o+ 115 volt 60

The input

cycle power source at full load is 24 watts and

0. 33 amperes.

2-17 CONNECTIONS FOR 230 VOLT OPERATION

(Figure 2-3)

2-18 Normally, the two primary windings of the

input transformer are connected in parallel for op-
eration from 115 volt source. To convert the
nower supply to operation from a 230 volt source,

the power transformer windings are connected in

series, as follows:

a, Unplug the line cord and remove the top

and bottom covers from unit,

b, Breal the printed wiring between 45 and
46 and also beiwvcen 47 and 48 on the printed cir-

cuit board., These are shown in Figure 2-3, and

are labeled on printed side of the circuit board,
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Rack Mounting, Jne Unit

0

™)
il

TRANSFOIRMER PRIMARY
CONNECTED FOR
119 VOLT OFERATION

FUSE
ALY

5l

FUSE
sy

THARSFORMER FHIMARY
CONNECTED FOR
SR VOLT OFLRATION

Figure 2-3. Primary Connections

c. Connect a strap between 46 and 47,

d. Replace existing fuse with 1 amperc,
230 volt fuse, Replace covers and operate unit
normatly,



2-19 POWER CABLE

2-20 To protect operating personnel, tha Nntional
Electrical Manufacturers Association (NEMA} tecom-
mends that the instrument pane! and cabinet be
grounded. This instrument is equipped with a three
conductor power cable, The thiid conductor is ‘the
ground conductor and when the cable is plugged into
an appropriate receptacle, the instrument i3
grounded, The otfset pin on the power cable three-
prong connector is the ground connection,

2-21 To preserve the protection feature when oper-
ating the instrument from a two-contact outlet, use
a three~prong to two-prong adapter and connect the
green leac on the adapter to grouad,

2-3
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2-72 REPACKAGING FOR SHIPMENT

2-23 To insure safe shipment of the instrument, it
is recommended that the package designed for the
instrument be used. The original packaging material
is reusable, If it is not available, contact your
local Hewlett-Packard field office to obtain the
materials, This office will also furnish the ad-
dress of the nearest service office to which the
instrument can be shipped. Be sure to attach &
tag to the instrument which specifies the owner,
madel number, full serial number, and service re-
quired, o1 a brief description of the trouble,
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SECTION [Il
TJIPERATING INSTRUCTIONS

3-1 OPERATING TONTROL3 AND INDICATORS

3-2  The front panel controls and indicators, to-
gether with the normal turn-on sequences, for mnth
power supply and amplifier operation are shown on
Figure 3~1. These turn-on procedures arc perform-
ed utilizing the normal rear terminal strapping con-
nections as received from the factory.

m "".,"T',",C.':...féj“'" SUPPLY + APLITITR T
@ vouTy ‘MOL.. ®
® AN .@’
ik TE R WOLTS © GAIN
~ rht ¢ Timg
@ NPT com [0 PUT CON GND
Q ey R ¢ R ®
; GRCERORCRE \
Lo v ;
T Y
e @& O

TURN®ON BB et - FOWER SUTFLY

1, SET AC BINE =wWETCT Ty ol ANID TESERVE THAT FILOY LIGHT
GOES 11

2, VLT MELTER SWITCH (1) "0 L& VOLTS,

7, CLF ADE SWIICH () TO SUPRLy.

4, ALJUST YOLT: GAEN OONTROL 13} CLOGKWISE ORF COUNTERGLGCK-
WISE UNTIL DESIRED MOSITIVE OR NEGATIVE QUIFUT VOLTAGE,
RESPECTIVELY, [S INDICATED N FRONT FANEL METER {4), CON~
CENTHIU FINE ZEROD CORTROL (3) FROVIDES FINE CONTROL OF
THE ¢ TRUT VOLTACE,

B, SEMCRT GIRCULT (U TPUT TERMINALS:  SLT METER »WITCH TO
AMPS AND OR-ERVE SHORT CIRCUIT QUTIUT. CURRFRT ON
METEA, CURRENT LIMIT IE FACTORY ADIUSTED 5¢ THAT MLTER
SHOULD INMCATE FULL SCALE DEFLEGTION,

t, REMOVE SHORT AND CONNECT LOAD T0) OUTFUT TERMINALS
{FHONT OR REAR),

TURN-ON_SEGUENGE - AMFLIFIER

1. TURN ON UNIT AXD SLT MODE SWITCH {2) 10O AMPLIFTER,

COMNECT INFUT SIGNAL SOURCE TO INFUT {%) TERMINALS

) {FRAONT OR REAR),

1, ADIUST VOLTS/GAIN COMTROL (9 FOR DESIHED GAIN (3 TO t0),
CONCENTRIC FIND/ZERD CONTROL FERMITS AVERAGE COWUTPUT
Ty BE ADJUSILD TG ZERND.

4, MEASURE QUTPUT VOLTAGE WITH ENTEANAL V™' (METER FOR
68234 UNITS Ok FOK B2 UNITS, SET METER SWITCIE {U)
TO AC VOLTS AN BEAD OUTFUT DIRECTIY ON FRONT FANETL
METER,

CORNNECT L10AD TO GUTFUT TERMIRA'S (FRUNT OR REAR),

.

Figure 3-1. Front Panel Controls and Indicators

3-3 QPERATING MODES

3~4 The position of the front panel MODE switch
determines whether the instrument will be used as
a power supply or an amplificer. Terminals on the

3-1

rear barner strip, which connect into various con=
tro] points within the unit, allow strapping con-
nections to be made which enable the power
supply or amplifier to be uvtihized in an almost un-
limited number o1 applications. The following
paragraphs describe the procedures for utliving
some of the features which will suggest many re-
lated opplications.

1-5 H.-vever, the configurations shown in the
succeeding paragraphs by no means exhaust the
various modes in which the PS/A can be used. The
readur 1s encouraged to consider this Instrument in
zerms of operational amplifier techmgues; this
viewpoint ‘will suggest and {acilitate many other
areas of application. Many such possibilnies are
sugyested by handbooks on operational ampktfiers
{e.g., 'Handbook of Operational Amplificr Appli-
cations" — Burr-Brown Research Corporation,
Copyright 1963).

3-6 Such handbooks suggest how operational
amplifiers can Lte used as inteyroters, differentd-
aters, ramp functlon generators, etc.: with the
PS/A, these techpiques are extondoed 1o previously
unittalned power levels.

3-7  An alternate viewpoint 1s to constder the
PS/A as a general-purpose DC coupled proeision
power transducer capable of accepting cither re-
sistance, voltage, or current input (AC and/orDC)
and delivering a power output, Constant Voitaye
or Constant Current, AC and/or DC.

3-8 Apptlication Note 82, published by the Har-
rison Division, presents a more detailed approach
concerning the operational features and related
applications of the PS/A unit, A copy of this note
can be obtained frem your local Hewlett-Packard
field office.

39 GENERAL NOTES AND OPERATING CONSID-
ERATIONS

3-10 DIAGRAMS

3-11  All of the following diagrams show the
necessary barrier strip connections, as well as a
simplified circuit diagram showing how the major
internal components of the unit are connected for
that sirapping arrangement. The diagrams also
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include all components which must be added ox-
ternally to the unit. The barrier strip portion of
each dtagram is correct for all PS/A Series in-
struments, but when implementing these strapping
patterns, check whether the terminal locat.ons
are the same as shown in the following diagrams,
which are based specifically on the Model 6823A.
In any case, the terminal designations are cor-
rect ior all PS/A Series instruments and should be
followed regardless of thelr location.

3-12 Unless otherwise indicated, the confiqura-
tions shown have been selected so that operation
is independent of whether the front paael MODE
switch is in the power SUPPLY or AMPLIFIER pousi-
tion.
3-13 EXTERNAL RESISTORS

3-14 External resistors and potentiomecters
should be wire-wound and have a temperature co-
efficient of less than 20ppm/9C. They vhould
operate at less than 1/30th (preferably 1/100th) of
their wattage rating in order to minimize short term
"hobble"” associated with elevated surface temper-
ature.
3-15 CONNECTING LEADS

3-16 Shielded leads should be used for all bar-
rier strip connections, except that twisted leads
mav be used ftom the "Common” and "Qutput”
terminals to the toad. The outer sheath of the
shielded wire should never be used as a conduc-
tor, but should be connected at the unit end only
to the terminal designated "Common”.

3-17 Best high speed programming and wide
band amplifier operation witl be achieved when the
load is connected at the rear terminals rather than
at the front, Any capacitance in parallel with the
load device should be minimized, since this ca-
pacitance will limit the high frequency bandwidth,

3-18 Ensure that the screws on the rear termi-
rals are tightened securely before power is ap-
plied to the unit.

3-19 FINE/ZERO CONTROL

3-20 The front panel Fine/Zcro control 1s operali o
for all modes. In the power supply mode, it acts
as a fine control on the DC output. In remote
programming and amplifier modes, it provides a
DC "offset” adjustment of approximately 1% of the
maxtmum rated output voltage. Thus, this control
permits the accurate setting of zero output voliage
with zero chms programming.

3-2

3-21 GROUND LOOPS

3-22 If excessive 60 Hy component exists on
output, check for ground loops. The system in
which the PS/A 1s employed should have one
ground po:int only. Sec the Harrison Diviston's
powaer supply Application Manuudl, Sections Dla
(6) and D!d, for further discussion of typical
ground loup problems,

3-23 REVERSE CURRENT LOADING

3-24 An active load connected to the unit may
actually deliver a reverse current during a nortion
of it's operating cycle. An external source cannot
be allowed to pump cuirent into the instrument
without the risk of possible damage. To avoid
damage it is necessary to prelcad the unit with a
dummy load resistor so that it will deliver current
through the entire operating cycle of the load
device.

3-25 In general, the load resistor that is added
shkould draw a current equal to the peak current
which othrrwise would be forced back into the
PS/A. Tais means that the current rating of the
PS/A instrument used must be equal "o, or greater
than, the sums of the absolute values of the out-
put and revoerse currents.
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Figure 3-2. Standard Power Supply Operation (CV)
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3-26 CONSTANT VOLTAGE OPERATING MODES

3-27 NORMAL OPERATING MODES

3-28 Flgure 3-2 shows the circuit configuration
and narmal rear barrier strip strapping pattern for
standard power supply operation. The front pancl
MODE sw:tch is in the SUPPLY position, The DC
output is vontinuously adjustable from its maxl-
mum rated positive value to an equal negative
value — smoothly through zero with no polarity
switch.
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Figure 3-3. Standard Amplifier Operation {CV)

3-29 Similarly. Figure 3-3 shows the circuit con-
figuration and strapping pattern for standard am-
plifier operation. The external oscillator must
have a voltage output which is at least 1/10th of
the peak output voltage dcsired; its current capa-
bility must be at least 600pa for each volt input

— in other words, the oscillator faces an input
impedance of approximately 1. 7K. The front
panel gain control permits the ampliiier gain to

be set anywhere from zero to X10, although the
gain setting wil' not be a linear function of control
rotation. The front panet FINE/ZERQcontrol per-

mits the dc componsnt of the output to be adjusted
approximately 1% of the voltage rating of the in-

strument, thus enabling the average output value
to be adjusted exactly to zero (assuming the in-
put signal has either no dc component or only a
small dc component). If desired, a coupling

www.valuetronics.com
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capacitor can be added to block any large input
de comporents, althcugh in many applications
this capacitor will be omitted so that the PS/A
can amplify all input signal components, koth dc
and ac.

3-30 REMOTE SENSING

3-31 In normal operation, a power supply devel-
ops an IR drop in the leads connecting it to the
load. This redi. zes the output voltage actually
sresent at the load terminals and also degrades
the load requlation performance.

3-32 Sensing terminals permit the feedback am-
plifier to sense at the load terminals instead of at
the PS/A ocutput terminals. This configuration is
shown in Figure 3-4 and is applicable for all-Con-
stant Voltage modes of operation, both power sup-
ply and amplifier. Moreover, the strapping pattern
shown in Figure 3-4 can be combined with any of
the Constant Voltage diagrams shown ¢lsewhere in
the manual in order to achieve optimum pcrformance
at the load terminals.

| - 4V

5K

2, T4K

COMMON
Fa®

O
COMMON
SERSING

4
) . b
>
, XFMR 27
'-Ar-‘:-r ANDY b
U IRECTIFIENR A3 4
R JOKI6H2 A
T AKIBRLAY $ Pyt

- — ———— ]
cuTPUT

Al AZ A3 AY An GNDCOMCs O35 QUT N

EIEIFINEIR o[olo]o[o
Ry

Figure 3-4. Remote Error Sensing

3-33 This does not mean that remote sensing can
be used to compensate for an unlimited IR drop
between the Common and Output terminals and the
load. Any voltage lost in this way detracts direct-
ly from the output voltage available for the load.
Furthermore, proper operation of the PS/A is in-
sured only if the IR drop in the Common lead is
less than, or equal to, one volt.



3-34 If external switching schemes arc employcd
in conjunction with remote sensing, carce must be
taken that each sensing lead is not momentarily
open circuited with respect to the corresponding
output terminal. Such open clrcuit conditions can
result in the power supply delivering oxcessive
voltage and/or current to the load, risking damage
to both the PS/A and the Joad device, If it is im-
Jossible to insure that an open sensing lead con-
dition will not occur, it is recommended that a
100 ohm, 1/2 watt resistor be connected from
“Common" to "Common Sensing”, and a similar
resistor fron "Qutput” to "Cutput Sensing". This
will minimize voltage and current transients if the
sensing leads should acclidentally become open
circuited. All sensing leads should be shielded.

3-35 RTMOTE PROGRAMMING., POSITIVE QUTPUT

3-36 Figure 2-5 shows the strapping pattern and
associated circuit ceniiguration for remote pro-
grammir.g Power Supply / Amplifiers for positive
Constant Voltage DC output at the rate of 500
ohms/volt. The programming control Rp.should
be wire-wound and selected In accordance with
paragraph 3-13, Its dissipation can be computed
by remembering that the current ibrough Rp 1s

2 MA.
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Remote Resistance Programming,
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Figure 3-5.

3-37 Flgure 3-6 shows t..0 resistance program=
ming chara :teristics which are typlcal {although
somewhat oxaqgerated) of the performance without
progremming alignment. The output voltaye with
zero programming always will differ from zero,
being 2ither positive {B) or negative (A}, and the
maximrum output voltage will be achicved with a
value of programming resistance not predicted by
the pregramming ceefficient,

t
LIEN

b

Ry M eiliMInG RESISTARCE

Trgure 3-6. Unahigned Resistance
Programming Characteristics

3-38 Notice, however, that even with an unaligned
instrument the tynical characteristics of A and B

are extremaly i r — that is, there is no curva-
rure. To conver ither of the characteristics of
Figure 3-6 to the desired programming charactciss-
tic of Figure 3-7, !t is necessary to adjust both

the zero crossing and the angle of slope of the
programming characteristic,
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Figure 5-7.

3-39 In the PS/A Series the zero crossing 3 ad-
justed by means of the froit panel FINE/ZERO
knob, while the slope of the programming function
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i3 adjusted by means ot oo internal control, Kjg,
First the zero crossing in adjusted; then a pro-
gramming resistance, which according to the
programming cocffizient (500 ohms/volt) should
yield the maximum rated output voltage for the in~
strument, is cornected to the programming termi-
nals, and R3g Is adjusted until the output roltage
is exactly equal to the maximum rated value.
Since the two adjustments are mildly interdepend-
ent, it is pecessary to repeat this procedure once.
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Figure 3-8, Remote Resistance Programming,

Negative Qutput

3-40 REMOTE FROGRAMMING, NEGATIVE QUTPUT

3-41 Figure 3-8 is the same as TUiyure 3-5 except
thi.t the 1'nearly programmed output voltage is
negative, The internal programming slope adjust-
ment for @ negative output is Rag,

3-42 REMOTE PROGRAMMING. BIPOLAx OUTPUT

3-43 The circuits of Figures 3-5 and 3-8 can be
combined to yield a power supply which is pro-
grammable in either direction, depending upon the
position of switch Sl [7ee Figure 3-9}). One ob-
tains a linearly orogrammed r~gative DC outpul
when switch Sl is connected w Al: and a positive
output when connected to A2, Switch 51 must bz

a break-hefore-make switoh,

3-5
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Figure 3-9. Remote Resistance Programming,

Bi-Polar Qutput {CV)

3-44 The advantage of the configuration of
Figure 3-8 is that the output is linearly program-
med in both directions, The disadvantage is that
a switch must be used in order to rev erse the
output polarity. !

3-45 If it is desired to achieve accurate program -
ming reproducibility, or if it is necessoary to ro-
peatedly set the power supply output to specific
voltage values, either of the substitute arrange-
ments suggested by Tigure 3-10(B) and 3-10(C})
may be employed in place of the rheostat Rp.
Suppose, for example, it is decided Lo set the
power supply over the span from 0-20V. If con-
tinuous adjustment is required, the best choice
would be a 10K rheostat {since the programming
coefficient is 500 ohms/volt). But if specific
tests must be made at 0, 5, 10, 15, and 20V, the
arrangement shown in Figure 3-1¢(B) should be
employed, using a8 make-before-break switch, If
the same voltage values are desired, but not in
ascending or descending sequence, tho terminals
from the resistor string can pe connected to the
switch in any desired scquence, 13 suggested by
Figura 3-10(C).
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3-46 These substitute configurations for Rp can ow
be employed with any of the diagrams in this
section. In all such applications o make-before~
break switch must be used so that output voltage
transients will not occur during the switching in-
terval, Such transients can lead ' damage to both COMMON
the load and the power supply. ' t 3—— O

3-47 SWITCHLESS BIPOLAR PRUGRAMMING

3-48 Figure 3-11 shows how to resistance program XFMR
a PS/A for continuously variable output dc voltage, rur| AN
remotely controlled, without need for a polarity HECTIFIER
switch. Clockwise rotation of the 10K potentiom-
eter will result in a positive output equal to the

maximum voltage capability of the instrument,

T

LK WWIERIN S
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&> L)

0.8,

ouTrUT

3-49 The advar*age of Figure 3-11 s that the out-
put is continuously variable through zero with one Al Al A} A4 ABGNDCOMCS 0§ OUT N
control, The disadvantage is that the output is not [/o[ l OI [o lolqlqlqlqlo [0 [O [o]ol
a linear function of the rotation of potentiometer |/ M A
Rp. Note, however, that in many applications 1t 10K -2W )
is not necessary that the programming function be

linear, just reproducible. The powet supply can I i | np |
be switched readily to positive or negative values 13K - SW(E82 I
(and later resct precisely at these same values) b 3K - UWIEH2EA)
substituting a switched resistor network for RQ.

The switch must be a break~before-make type. Figure 3-11. Bi-Polar Proyramming
{(Constant Voltage)

By

3-6
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3-50 POWER SUPPLY WITH SUPERIMPOSED AC
OUTPUT

3-51 In some applications it is desirable to add
an AC componen® to the adjustable DC output of 4
Constant Voltage power supply. Flgurc 3-12
shows how this can be done.

3-52 The PS/A i5 operated as a normal power sup-
ply from the front nanel with the MODE switch in
the SUPPLY position. The amplitude of the added
AC conporent is controiled by adjusting Ry. The
value of this resistor should be greater than tha
minimum ioad resistance which the external signal
source is suited to drive, si.ce the impendance
looking into terminals C.S. and A4 is virtually
zero ohms.
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Figure 3-12. Constant Voltage Supply With
Superimposed AC Output

3-53 The amplitude of the ac Qutput component is
given by Epc = Ex (Rp/Rx + Ry) » where Ry is the

internal (Thevenin cquivalent) source resistance.
The capacitor Cy is added in crder to block the
DC current path through the oscillator, end must

be selected large cnough (o puss the lowest fre-
quency of interest. The low frequency 3 db down

- 1

point will be by o 1
2n{Ry + Ry) Cy

3-54 CONSTANT VOLTAGE AMPLIFIER WITH RE-
MOTE GAIN CONTROL

3-55 The PS/A can be used as a power amplifier
with Constant Voltage output that can be remotely
controlled in a linear manner {f the strapping ar-
rangement shown on Figure 3-13 is employad,
With this configuration, the gain is a linear func-
tion of control rotation, and the gain control is a
lincar function of control rotation, and the gain
control is external to the PS/A, Ly and Ry are the
equivalent (open circuit) voltage and outpu* rc-
sistance looking back into the external signal
source, Ry must be selected to have a value at
least as large as the minimum load resistance
which the external signal source can feed without
overloading or distorting. Cy is inscrted in order
to biock any small DC currents which otherwise
miglit flow frow: the oscillator, producing a DC
componcnt on the output, Cy must be selected
large enough to pass the lowest frequency of in-
terest; the 3 db down frequenc is

R T

2n (Rxl- Ry) Cy

3-56¢ If {t 15 desired to amplify a DC sivnal. or
one which has both a DC and AC componeni, then
the capacitor Cy must be eliminated from the
circuit,

31-57 The output voltage is given by the equation

EO: EX_RL.
Ry b RY

Proper impedance levels will be mair . ained if ap-
proximately 2 mA 1. allowed to flow rhrough Ry and
Ap, Thus wherever possible, Ry should be select-
ed so that Ex

Ry = omo-a1 ~ Rx

where the Ex for this equation is the maximum peak
value which will be amplified, T..is equation. of
course, assumes that the external signal source is
capable of delivering 2 mA without overloading or
distorting, and should be altered if less current is
avatlable,

3-58 Current Input. Actually, the components Ey,
Ry - and Ry of Figure 3-13 comprise a current

source fecding the summung point Ad and the gain
control Rp. A current source can be substituted in
place of these components, and the output voltage




will be Vo = IXRP, where IY 15 the current 3-60 The output far two (or more} inputs is glven

squrce cannccted between C8 and A4,  As shown in by: Ecy = Ey Rp b Ey Rp .
Pigure 3-13. The capacitor Cy shouldalso be added "—""_RX ' Ry -'“—“Rx. ' Ry’
in series if it is desired to suppress any DC com-
ponent present In the input signal source, Thus Ry, Ry' can be made varlable and used as
relative levtl contiols while Rp functions as a
& master gain control, Notice that any of the signal

Y inputs which ar~ ro bhe mixcd and . mptified may
be ac, dec, or Yoth,
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Figure 3-13. Constant Voltage Amplifier With
Linear Remote Gain Control

3-59 Two or More Inputs. The concept of Fig-
ure 3-12 is read \y adapted, using standard oper-
ational amplifier .2chniques, to the simultancous Figure 3-14, Constant Voltage Amplihier, Two Inputs
amplification of two or more signals., Figure 3-14

shows the manner in which two voltage inputs can

be mixed and amplified; additional inputs can be 3-61 CONSTANT CURRENT OPERATING MODES
added in parallel without limit, and current input
signals can be substituted for voltage input sig- 3-62 In order to achieve constant current opera-
nals, as discussed in the previous paragraph, +ian, it is necessary to utilize an external current
The capacitors Cy and C'y are only included when sampling resistor which yields a voltage drop that
it is desired to: {s proportional to the output current. Tnis veltage
drop can then be applied to the comparison ampli-
4. Prevent the DC input level of the signal from fier in the input circuit and compared with a
affecting the DC level of the output, or fraction of the rocference voltage (or input voltage},
The output of the comparison amplifier is then fed
b. Prevert the DC level of the PS/A from being back to the regulator/output amplifier in a manner
fed back into the output terminals of the sig- identical to that occurring during constant voltage
nal source, operation. Hence. the only conceptual difference
3-8
- > A L a el b v L
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between Constant Current operation and Constant
Voltage operation ts that the voltage which is
sensed by the comparison amplifrer is taken across
the current sampling resistor rather than across the
load.

3-63 The regulation ripple, temperature coeffi-
cient, and stability of Constant Current Power
Supply/Amplifier performance can he preaicted by
dividing the corresponding Cor itant Voltage spac-
ification by the ohmic value of Rg. For example,
the use of a 2 ohm current sampling resistor con-
verts the 2 mV rms Constant Voltage rirple and
noise specification of the 6823A to 1 MA, ctc, In
the case of temperature coefficient and stability,
it is also necessary to add in the percentage ef-
f:ct due to any change in ohmic value cf the mon-
ftoring resistor RS'

364 The output impedance of the Constant Cur-
re.c.t sourcn at DC is given by the relationship

2c, = ;‘AEL/AIL), where AEq is the chance in load
voltage associated with a load resistnace change,
and Al is the small resulting output current
cheage, 'The fact that the PS/A has a high loop
5" and no output capacitor means that the PS/A
used in a Constant Current mode will have a high
ovtput impedance, In fact, it can he shown that
the impedance at any frequency for a Constant
Current source of this type will be aprioximately
equal to Ry {AB), where AB is the loop gain of the
feedbac't amplifier witnin the power supply at the
frequency of interest, Since the PS/A has a band-
width in excass of 20 KHz, this output impedance
wtll rematn quite high over a wide frequency band,
Stated in terms of the time domain, the PS/A w'll
respond. quickly to changes in load resistance —
the load current transient vwill be short,

3-65 SELECTING Rg

3-66 Parttcular care must be paid to the manner in
which the current sampling resistor, Rg, s sclect-
ed and employed, Constant C.rmreat operation, on
a percentage basis, can be no better than this
resistor, :

3-67 Rg is selected to yleld a 1 volt drop at tae
maximum current rating of the instruments; its

3-9

maximum dissipation is /2 watt for the Model
6823A and 1 watt for the Model 68.4A, It is there-
fore recommended that a minimum 30 watt wira-
wound resistor be used for the former and 60 watt
for the latter. This ensures that the surface tem-
arature of the resistor will not be high compared to
tha ambient, and therefore subject to long-~term
warm-up 2ffects and short-term variations result-
ing in output "baub!+", Ir any case, L e tempera-
ture coeflicier .rtheresls.rshouldbe 20 ppm/9C
or less,

3-68 If it is intended to usc the PS/A at less than
maximum rated output current, proportionately
higher values of Rg may be chosen. This will re-
sult in better performance at low currents, It
should be remembered, however, that the resisior
Rg cannot be increased in ohmic value indiscrir § -
nately for two reasons:

a, It soon becowr2c< .mpractical to increase the
wattage ratinc of Rg by tne necessary amount,
b, The IR drop 'which occurs across Rg detracts

dircctly fro'n the power supply voltage rating
avatlable to the load device,

3-69 Resistor Rg should be a four terminal device
connected as shown on Figure 3-15, Note that
for convenicnce and clarity, the remaining Con-
stant Current diagrams do not show this connec~
tton pattern explicitly.
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3-70 NORMAL OPERATING MODES

=71 Figurc 3-16 shows the connection pattern
and associated circuit configuration for operating
the PS/A as a continuously vartable, rouversible
DS Constant Current source, This is the Cunstant

surrent counterpart of the Constant Voltage mode
The MQODE

of opecration shown in Figure 3-2,
switch 1 in the SUPPLY position,
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3-72 Figure 3-17 shows the simplest way of op-
ercting the PS/A as a Constant Current outpu!
amplifier with contindously variable gain. The
front panel FINE/ZERO control should be adjusted
for'zero dc¢ output current (assuming the innut
source has no de input component), With the
value s given in Figure 217, the extemai;uécilla-
tor must have a voltage output of 1.5 vnlts peak
}in order tu drive the power ampiifier to its tull
output current capability. The impedance seezu by
this external voltage 'source will br Zpproximately
1.7K.
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3-73 REI\;IOTB PROGRAMMING. BIPOIAR QUTPUT

3~74 Figure 3-18 showe one method of controlling
the output of the PS/A us a remote programmed
Constant Cunent power supply. Switch 51 causes

the output current to bie either positive or negative,

I it is desired to achieve only a positive or only
a negative output current {unipolar output), then
81 rwust be eliminated, Terminal Ad is strapped
directly 10 A2 for a positive output, or directly to
Al for a negative output,

3-75 The front panel FINE/ZERO control permits
the output current to be adjusted to zero when Rp
is set to zero, while the stope of the programming
cocfficent is adjusted by means of R3yg (positive
output) and R39 {negative sutput}, Either of the
switched resistance schemes of Pigure 3-10 may
be substituted for a variable Rp in this or any
other Constant Current diagrams which follow,
The advantage of the circuit of Figure 3-18 is that
the osutput current is a lipear function of the pro-
gramming resistance; tha disadvantage is that a
switch must be used 1. wrder to accomplish
polarity reversing,
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3-76 SWITCHLESS BIPOLAR PROGRAMMING

3-77 Fligure 3-19 shows the method of connect-
ina the PS/A for Constant Current bipolar program-
ming without the necessity for polarity switching,
The 680 ohm resistor should be wire-wound with a
temperature coefticient of less than 20 ppm/9C.
Switched resistonces can ke substituted for restst-
or R in Figure 3-19, The disadvantage of this
mode lies in the non-linear (but accurately repro-
ducible) programming characteristic,

3-78 CONSTANT CURRENT SUPPLY WITH SUPER-
IMPO D AC OUTPUT

3-79 Figurc 3-20 shows the method of adding an
AC componen. on *op of the adjustable DG output
current. Tha Jc 1avel is controlled in the normal
fashion from the {ront pancl, The amplitude of the
added ac component is determined by the value of
Ry which, however, should not have a value less
than the minimum load resistance which the ¢x-
1ernal signal source is capable of driving without
overloading or distorting.
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Figure 3-20.
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3~-80 The peak vcltage Ey which is necessary to
achieve a peak vutput current cqual to the maxi-
mum rating of the instrument, equals (Ry + Ry) /Rp.
The capacitor Cy is added to block the DC current
2t through the oscillator. Cy must be selected
large enough to pass the lowest frequency of in-
terest; the low ‘requancy 3 db down point will be at
1
f 2y (Ry + Ry) Cy

where RX is the internal {(Thevenin equivalent)
source resistance. Of course, capacitor Cy ls not
employad if it is desired for the Constant Current
autput to respond to the dc component of the ex-
ternal r‘gnal source,
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figure 3-21, CC Amplifier With Linear
Remote Gain Coutrol

3-81 CONSTANT CURGENT AMi LIFIER WITH
REMOTE GAIN CONTROL
i
3~82 Figure 2-21 shows the method of connecting
an extasnal voltage source with a PS/A to obtain
Constant Current output with linear remote gan
conirol. Using the recommended values for Rg,
the output current is given by:

In = (EX/RM) 4 Rp/ (Rx k Ry).

-”‘ul\ Vel I [ Faoh cod

3-12

It is recommended that Ry be selected so that at
the peak input voltage Ex the current flowing
through Ry, Ry, and Rp is 2 MA. With this choice,
Rp = 00 ohms results in an output current equal to
the maximum rating of the instrument,

3-83 Cy 1s chosen large enough to pass the low-
est frequency of interest and is omitted if it ts
desired to nave the output current responsive to the
DC (as well as AC) component of the tnput voltage

Ex.

3-84 Care should be taken that Ry is chosen to be
more than the minimum load resistance which the
external signal source can feed without overloud
or distortion, Howewver, Ry should not he chosen
too 'arge, or the current flowing through Rp will be
influenced by the curre:it into the comparison am-
plifier. Thus it is undesirable to select Ry so that
the current flowing through it with full input signal
is less than 1 MA.

3-85 Current Input, The combination of compo-
nents By, Ry, and Ry can always be replaced by a
Constant Current source, If this is done, the
current gain of the configuration of Figure 3-21 is:
lout _ Re.
IIN  RM

3-86 Two or More Inputs, If desircd, the circuit
of Figure 3-22 cun be used to add the effect of two
or ore stgnais, All the equations given in this
section hold true for each of the multiple inputs,
with no interaction,

. B _Re_ B _ R
RmM R+ Ry Ry Ry'+ Ry

3-87 SERIES AND PARALLEL OPERATING MODES

3-88 The {ollowing paragraphs inclurle methods
for combining separate PS/A's in series and paral-
le\ combinations, These methods arc employed
whenever it is required to extend the voltage or
cuitant capability beyond that available from one
instrument alone  In all of the following diagrams
the strapping pattern and circuit configuration for
slave units have been shown in complete detalil,
In several of the diagrams, however, the strappiag
pattern and circuit configuration have not been
completed for the Master unit, This was done
because the configuration chosen for the Master is
determined by the manner in which it is desired for
the ensemble of units to operate, and may he se-
lected from any of the diagrams already given in
this Section. Whether a combination acts as a
p-wer supply or amplifier, Constant Voltage or
Constant Current source, locally or remotely con-
trolled by resistance, voltage, or current, depends
entirely on the connection mode selected for the
Master Unit,
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Figure 3-22. CC Amplifier With Two Inputs

3-89 Any PS/A instrumeat may be master or slave,
depending only on the strapping pattern chosen,
Units may be connected in series up to 300V off
ground, They nced not be the same modal number,
but should all be PS/A Serias instruments. Simi-
larly, units may be connected tn varallel, without
any limit, except that atl instrumenic must be

PS/A Serics and employ an extcrnal sampling re-
sistor wh: develops a 1 volt drop,

3-90 COORDINATED SERIES OPERATION

3-91 Aurg-Series, Two Units, Single Ended Jut-
put. To increase the voltage output two units
can be conne<ted in Auto-Series as shown on
Figure 3-23, The front panel switch pasition of
the slave is not significant, but the front panel
position and barrier strip wiring of the master unit
depends npon the operating mode desired for the
system of two power supplies, and should be
selected from ore ot the previous alternatives,

s=92 For instantancous equal voltage sharing, Rj
and Rz must be equal, However, if it is desired
for the slave to have a voltage, which although
always proportional to the output of the master
supply, ts greater than or less than the output of
tt * master supply, then Ry should be selected
according to the relation Eg = Epp (Rp/R) where Eg
and Ep are the output voltage of the Slave and
Master instruments respectively,
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3-93 Auto-Scries, Three or More Units., The con-
cept of the previous paragraphs is casily extended

equal voltage contributions are desired, the out-
put »f Slave #1 is yiven by Eg) = Em (R2/R)); for

to three supplies as shown in Figuere 3-24, If un- Slave #2, Egp = Eym (R3/R1)
- COMMOK 3-94 The con-ept of Figure 3-24 is casily extend-
- T - ' ed to series ~ombiaations involving more than
three units by merely iterating that portion of the
circuit configuration which is bounded by the two
- . horizontal dotted lines,
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3-95 Series Operition, Balanced Output,

The

previous Auto-Series configurations arc acconm -

plished with single~ended input and single ended

output having . common terminal,
cations, however, it is necessary to employ an

In some appli-

amplifier with input and output signals balanced
Figurr. 3~ 5 shows the circult con-
figuration and strapping rattern for this mode of

about ground,

operation,
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3-96 Since this mode is more likely to pe employ-
ad as an amplifier rather than as a power supply,
the diagram shows an oscillator input, The volt-
age input to this circuit must be at least L/10th
the desired voltage output; the input impedance
seen by the ascillator is approximately 3,4K.

3-97 The balanced input concept can be extendeu
to even higher voltages if voltage Slaves are add-
ed to each side. Figure 3-26 shows this configura-
tion, which has an output voltage capability four
times that of onc unit alone, as well as a balanced
input and a halanced output, The tnput oscillator
must have a voltage capability of at least 1/20th of
the output voltage desired, and faces an input im-
padance of 3.4K,

3-98 AUTO PARALLEL OPERATION

3-99 Constant Voltage Qutput, Figure 3-27 shows
the corroct method of connecting two PS/A's in
paralle! for increased output current in Constant
Voltage operation, Although the terminal configu-
ration has been completed for the Slave unit, the
rematnder of the connections to the Master unit are
dependent upon desired operating mode, Thus the
Master can be connected in any of the patterns
shown in Section III, and the Auto-Parallel system
will behave accordingly,

3-100 For equal current sharing, the leads from
common to Ry and Ry to Ry, should be short and
have equal resistance for the two supplics,
Greater current capability can be obtained by con-
necting more Slaves to the Master untt,
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Balanced Input/Output Series Operation, Four Units
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Figure 3-27. Auto-Parallel Operation,
Constant Voltage Qutput

3-101 Constant Current Qutput, Figure 3-28
shows the correct method of connecting two sup-

plies in Auto-Parallel for Constant Current output,
The strapping configuration and circuit diagram for
the master unit are not complete but can be wired
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Figure 3-28. Auto-Parallel Operation,
Constant Current Output

in accordance with any of the diagrams given in
Section III and the Auto-Parallel combination will
behave accordingly, Still greater current outpuat
can ¢ accomplished by adding any desired number
of slaves to the master in the same way,

3-186
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SECTION [V
PRINCIPLES OF OPERATION

Bl
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p————{i

F..:ure 4-1. Overall Block Diayram

4-1 OVERALL BLOCK DIAGRAM DISCUSSION
(Fiqure 4-1)

4-2 The Power Supply/Amplifier {(PS/A) can be
opecrated as either o power supply or a powerampli-
fier. The operating mode is determined by the mode
selection ¢ircuit which couples to the input eircuit;
either the voltaye across the output terminals
(during power supply operation) or the voltage
across the input terminals {during amplifier opers-
tion).

4-3 POWER SUPPLY OPERATION

4-4 During power supply operation, the PS/A
functions as a well-regulated dc power supply
capable of furnishing a bi-polar, Constant Voltage
output. Constant Current operation can also be
achieved by connecting an external current sam-
pling resistor to the unit.

4-5 The ac line voltage is reduced to the proper
level by the power transformer and coupled to the
rectifier and filter. The rectifier-filter converts

the ac input to raw dc which is fed to the regulator/
output amplifier circuit in both positive and nega-
tive form. The regulator/output amnplificr acts as

a series regulator during power supply operation.
Its conduction is altered in accordance with the
feedback control signals received from the driver

www.valuetronics.com

amplifiers, thus maintaining the output voltage {or
current) constant.  The feedback control signals
also determine the polaerity of the output voltage.
For positive power supply output voltages the re-
gulator circuit recelves a positive input and fur
negative output voltages it receives & negalive in
put. Hence, the dc output voltage can be contin-
uously adjusted fr-m its maximum rated positive
value 10 an equa’ negative value.

4-6 The current limiting circuit monitors the out
put cwrent passing through the regulator. If this
current exceeds a certaln preset limit, the limitin
circuit conducts, shunting snput current away fron
the regul ator and thus keeping the output current
constant.

4-7 The tnput circuit serves as the first "link®
in the feedback circuit. It detects any changes
in the output voltage o .d sends a feedback con-
trol signal to the series regulator via the amplifier
Jdrivers. The fecedback signal is of the comrect
phase and amplitude to counteract the change in
output voltage. Notice that the supply can also
be used as a Constant Current source as outiined
in Section 111 of this manual. Under these condi-
tions, the input circuit monitors the voltage drop-
ped across an externally connected current sam-
pling resistor and, in this manner develops the
feedback error signals necessary to maintain the
output current constant.
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Figure 4-2.

4-8 The refercnce circuit provides stable refer-
ence voltages which are used throughout the unit
for biasing and comparison purposes. The meter
circuit provides indicaticrs of dc output voltage or
current. Wl en measuring voltage 1t is connected
across the output of the supply; when measuring
current it is connected across an internal current
sampling resistor, R30.

4-9  AMPLIFIER OPERATION

4-10 During amplifier operation, the unit acts as
a power amplifier with a single-ended, push-pull
output stage. It furnishes either a Constant Volt-
age output or a Constant Current output {with the
addition of an external current sampling resistor).
It is capable of amplifying both ac and dc input
signals over a bandwidth of dc to 20 kHz.

4-11 Input signals are received from the external
source via the input and common terminals. The
input civcuit and amplifier-drivers amplify the sig-
nal and forward it to the regulator/output amplifier
circuit. This circuit functions as a push-pull out-
put amplifier during amplifier operation, although
note that no internal connections are necessary in
the regulator/output amplifier circuit in order to
accomplish this.

Simplified Schematic

4-12 The current limiting circuit is operable in the
amplifier mode and serves to protect both the ampli-
fier and the load by preventing the output current
from cxceeding the preset current limit.

4-13 In a manner similar to that used during power
supply operation, the input circuit gencrates the
error signals necessary to keep the outpni voltage
(or current) constant despite variations in the load
or line citcuits. The meter circuit for Model 6B24A
units is capaklc of indicating ac ocutput voltags
during amplifier operation, while Model 6823A me-
ter circuits can measure dc output voltage only.

4-14 SINPLIFIED SGHEMATIC

4-15 A simplified schematic of the PS/A is shown
in Figure 4-2, It shows the internal sources of
bias and reference voltages and tl.eir nominal mag-
nitudes with an input of 115Vac ano under full load,
METER switch 81 turns on the unit by applying in-
put power to the primary circuit of Tl in both the
volts and AMPS positions. Another portion of ME-
TER switch §1, included in the meter circuit block
on Figure 4-2, permits the mete, toread either out-
put vo. .age or current. Rectifier d.ades CRI throvyh
CR4, and filter capacitors C10 and Cl! provide

4-2
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+28Vdc and -28Vdc to the reguiator output amplifier
circuit, Thesevoltages arealso fed to the auxiliary
voltage source circuit which, in turn, provides ro-
gulated dc voltages {£20Vdc) for pessible cxternal
usa.

4-16 MODE switch 82, in the mode selection cir-
cuit, connects the VOLTS/GAIN potentiometer be-
twoen a bi-polar reference source (+6.2V and -6.2V)
during power supply opcration, of aCross the exter—
nal input signal path guring amplifier operation.
Hence, tihe position of the VOLTS/GAIN patentiom=
cter determines the polarity and magnitude of the
output voltage in the power supply mode or the
qain of the PS/A 1n the amplifier mode.

4-17 Notice that the PS/A does not have the large
cutput capacitor connected across most power sup-
plies to insure fecdback loop stability. This ca-
pacitor has been removed 10 case the bandwldth
limitations during amplificr operation. Removal of
the output capacitor has the additional advantage
of greatly enhancing the programming speed during
power supply operation. Alternate methods of in~
suring feedback loop stabi)ity arc employed through-~
out the PS/A feedback circuit to oifset the absence
of this capacitor.

4-18 DETAILED CIRCUIT ANALYSIS (Sce schematic
at rear!

4-19 INPUT CIRCUIT

4-20 The input circuit consisty basically of a dif-
ferential amplifier stage {(Q7 and Q8), and the
FINE/ZERO and VOLTS/GAIN controls {R52A and
R52B). Note that for simplicity's sake, R52A has
been included in the mode selection circuit on the
schematic.

4-21 The input circuit controls the conduction of
the series regulator/output amplifier transistors.
To accomplish this, the circuit continuously com-
pares a {raction of the output voltage (or current)
with a fixed reference voltage and, if a difference
exists, produces an “error® voltage whose ampli-
tude and phase is proportional to the difference.
The "error® output 5 fed back to the requlator/out-
put amplifier, via the error and driver amplifiers.
The feedback voltage alters the conduction of the
regulator/out put amplifier transistors which, in
turn, alter the output voltage (or current) so that
the difference between the two differential ampli-
fier input voltages is reduced to zero. The above
action not only maintains a constant output regard-
less of line or load variations; but establishes
output levels in accordance with the setting of the
VOLTS/GAIN control.

4-22 Stage Q7 of the differential amplificr is con-
nected to a voltage divider consisting of R40G, R52B,

4-3

R47, and R48. The FINE/ZERQ control, R578B. per-
mits the bias at the base of Q7 to be adjusted
slightly above or below the common sensing (C)
point, During power supply operation the FINE/
ZERO control provides a fine adjustment of the de
ocutput voltage ot current and during amptifier onera-
tion it provides a dc "oflset” adjustment of ap prox-
imately 1% of the maximum rated output. Hence,
the average velue of an ac output signal can bhe ad-
justed exactly to zero with this control.

4-23 Stage Q8 is connected to the voltage (or cur-
rent) summing point {Ad} at the junction of the
VOLTS/GAIN control and resistor R44 or R43, The
potential at the summing point will instantancously
change if the output voltage/current attempts to
change or if the voltage that I1s picked olf by R5ZA
changes. OQutput vartotions affect the voltage
dropped across R43 or R44 thus changing the sum-
ming polnt potential. 3imilarly, moving the VOLTS/
GAIN control arm affects the summing point poten-
tial. During power supply operation, this control
is connected across a bi-polar reference source,
Moving the contro} toward the positive end of the
potentiometer causes the summing point to go posi-
tive resulting in @ more negative output, Converse-
ly, moving the control toward the negative end re-
sults in a more positive output. During amplifier
operation the external input signal 1s applied across
R52A and moving the control arm varies the amount
of signal that is picked off.

4-24 Summing point variations are felt at the base
of the Q8 which varies its conduction in accordance
with the polarity and magnitude of the changeat the
summing point. The change i) QB's conduction
also varies the conduction of Q7 due to the coupling
effects of common emitter resistor, R29. The crror
voltage is taken from e collector of Q7 and ulif-
mately alters the conduction of the requlator/ampli-
fier transistors.

4-25 Feedback networks €6, R25, and C5, R46 help
stabilize the feedback loop. Diodes CR27 amd CRZ8
form a limiting network which prevent excessive
voltage excursions from over-driving stage Q8.
Resistor R45 in series with the base of QB is a cur-
rent limiting resistor.

4-26 MODE SELECTION CIRCUIT

4-27 The mode seclection circuit consists basically
of MODE switch §2 which determines the opaeratina
mode of the instrument. As mentioned previously,
S2 connects the VOLTS/GAIN control between a bi-
polar reference source in the SUPPLY position and
across the input signal path in the AMPLITIER posi-
tion. In the AMPLIFIER position §2 also connects
a load resistor {(R57) between the bi-volar reference
voliages to prevent loading down the reference cir-
cuit,
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4-28 ERROR AND DRIVER AMPLIFIERS

4-29 The crror and driver amplifiers amplify the er-
ror signal from the input circuit to a level suifi-
clent to drive the regulator/amplifier transistors,
Stage Q6 contains a stabilization network, G7 and
R24, which provides for roll off in the loop gain,
Diode CR11 clamps the emitter of Q6 to a stable
reference voltage, +28,7V. Emitter follower Q4
drives bath requlator/amplifier transistors Ql and
Q2.

4-30 REGULATOR/QOUTPUT AMPLIFIER CIRCUIT

4-31 During power supply operation, transistors
Ql and Q2 sorve as series control elements in the
positive and negative output lines, respectively.
The conduction of the scries transistors is control-
led by the feedback voltage from Q4, Note that
when the feedback voltage is negative, PNP tran-
sistor Q2 is conducting and NPN transistaor Ql is
aut-off. Under thesc conditions, the supply fur-
nishes a negative output voltage. The reverse is
true when the feedback voltage if of positive po-
larity. Transistor Q3 furnishes a constant bias
current to the bases of Ql and QZ. At zero volls
output, both Q1 and Q2 are conducting slightly be-
cause of the base current provided by Q3. Diodes
CR18 and CR19 provide the voltage drop necessary
to forward bias both transistors simultaneously.
This cffect eliminates any "dead spots" when the
output voltage is programmed away from zero.
Note, however, that as soon as the output voltage
is driven' dway from zero, one transistor remains
conducting while the other is cutoff.

4-37 During amplifier operation, Q1 and Q2 serve
as a single-ended, push-pull, output amplifier.
Although the schematic at the rear of the manual
shows (1 and Q2 drawn as a conventlonal series
regulator, a closer inspection will reveal that the
clircuit could be redrawn as a push-pull amplifier
without changing any of the connections. Transis-
tors Q1 and Q2 are biased for Class AB operation
and connected in a complementary configuration,
as described in the previous paragraph, thus ob-
viating the need for center-tapped input and out-
put transformers.

4-33 CURRENT LIMITING CIRCUIT

4-34 The current limiting circuit consists of tran-
sistors Ql1 and Ql2 and associated resistors.
These transistors keep the output current from ex-
ceeding the current limit established by the setting
of potentiometers R5 and R6. PNP transistor Q11
limits the current in the negative line and NPN
transistor Q12 limits the current in the positive

line. WUnder increased current demands, the cur-
rent through Q2 Lncreases, increasing the voltage
drop across R2 and R6 and driving the base of Qll
in a negative direction. The conduction of Ql1
limits the base current of Q2 and, hence, the out-
put current. Operation of current limiting transis-
tor Q12 is similar; except that the hase current of
Q1 is limited further back in the feedback loop at
the Input of Q4,

4-35 REFERENCE CIRCUIT

4-36 The reference circuit is an auxiliary supply
which provides stable reference voltages used
throughout the instrument for bitasing and comparison
purposes. The bi-polar reference voltages arc de-
veloped across temperature compensated Zener di-
odes VR1 through VR5. The reference voltages are
all derived from smoothed positive and negative dc
obtained from full wave rectifier- CR5, CR6 and CR7
CRS8 and filter capacitors Cl2 and Cl13.

4-37 METER CIRCUIT

4-38 The meter circuit provides continuous indica-
tions of output voltage or current on a single meter.
The meter can be used as a voltmeter or ammeter de-
pending upon the position of METER switch S1. With
Sl in the VOLTS position the meter is connected in
series with R31 and R33 across the output of the
supply. Resistor R31 permits voltage calibration of
the meter to compensate for slight resistance varta-
tions.

4-39 With S2 in the AMPS position, the meter is
connected across current sampling resistor R30,
whose voltage drops varies in proportion to the out-
put current. Current calibrate potentiometer, R35 is
adjusted for full scale deflectioninthe curren .range.

4-40 The meter movement used in this instrument,
can withstand a current overload of many times the
maximum rated output without damage.

4-41 AUXILIARY VOLTAGE SOURCE

4-42 This circuit provides fixed, moderately requ-
lated, %20 Vdc outputs that can be used as desired.
Transistors Q9 and Q!0 are series regulators which
vary their conduction to maintain the output vcitages
constart., The bases of the series regulators arc
held at fixed voltages while the emitter voliages are
allowed to vary instautaneously with cutput voltage
changes. Varying the emitter voltages alters the
conduction of Q9 and Q10 in the direction and by
the amount necessary to keep the output voltage
constant.

4-4

www.valuetronics.com

i nais i

WM i TSP st e Lo TN s ot rcnnile =+ %,




www.valuetronics.com

TGt o eyt e 111 o L T 4R ) U e




SECTION V

MAINTENANCE
OUTPUT TERMINAL -=- -
5-1 INTRODUCTION @ \\
.

5-2 Upon receipt of this instrumeat, the per- LN .
formance check (Paragraph 5-10) should be made, ‘N _t i
This check is sultable for incoming inspection, If LIAD LIAD
a fault is detected in the unit while making the \

MONITOR HERE —— —

performance check or durine, normal operation,
proceed to the troubleshooting procedures {Para-
graph 5-24), After troubleshooting and repair
{Paragraph 5-34), perfiorm any necessary adjust-
ments and calibrations {(Paragraph 5-36), Before
returning the PS/A to normal operation, repeat the
performance check to ensure that the fault has
been properly corrr cted and that nc other faults
exist, Before doing any maintenance checks,
turn-on power supply, allow a haif-hour warm=-up,
nd read tlie general information regarding meas-
u'ement techniques {Paragraph 5-3).

5-) GENERAT MEASUREMENT TECHNIQUES

5-4 The measuring device must be connected
acrose the sensing leads of the unit or as closc to
the nutput terminals as possible when measuring
the output impedance, transient response, regula-
tion, or ripple of the power supply in arder to
achieve valid measurements, A measurement made
across’ the load includes the tmpedance 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 invali-
dating the measurement,

5-5 The monitoring device should be connected
to the OS and CS8 terminals or as shown in Figure
5-1, The performance characteristics should
never be measured at the front terminals if the
load is connected across the rear terminals,

Note that when measurements are made at the
front terminals, the monttoring leads are connect-
ed at A, not B; as shown in Figure 5~1. Failure to

www.valuetronics.com
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Figurc 5-1. Front Pancl Terminal Connections

connect the measuring device at A will tesult in a
measurement that includes the resistance of the
leads between the output terminals and the point
of connection,

5-6 For output current measuvrements, the cur-
rent sampling resistor should be a four-terminal
resistor. The four terminals are connected as
shown in Figurce 3-15. In addition, the resistor
should be of the low nolse, low temperaturce coef-
ficient (20ppm/©°C or less) type and should be
used at no more than 5% of its rated power so that
its temperature rise will be minimized,

5-7 When using an oscilloscope, ground the
common terminal of the PS/A and then ground the
case of the oscilloscope to this same point,

Make certain that the case is not also grounded
by some other means (such as the power line),
Connect both oscilloscope input leads to the PS/A
ground terminal and check that the oscilloscope is
not exhibiting a ripple or transient due to ground
loops, pick-up, or aother means,

5-8 TEST EQUIPMENT REQUIRED
5-9 Table 5-1 lists the test equipment required

to perform the various procedures described in
this Section,
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Table 5-1, Test Equipment Required

ol || .lmlmllflhllll "

Required Recommendnd
Type Characteristics Use Model
Differential Sensitivityr 1 mv {ull scale Measure DC voltages: 4¢ 3420 (Scc Note)
- Voltmeter {(min,), Input impodance: calibration procedures —_—
= 10 megohms {min,). -
; Variable Range: 90-130 volts, , Vary AC tnput~p mmmmees
- Voltage Equipped with voltmeter ac~ |
Transformer curate within 1 volt, -
:‘ AC Voltmeter | Accuracy: 2%. Sensitivity: Measure AC voltages and dg 403 B i
= 1 mv full scale deflection ripple, _
i {min.), _
_ Oscllloscope | Sensitivity: 10 pv/em. Dif- Peak-to-peik measurements, 4 140 A plus
— ferential input, Waveform displays. 1400 A plug in,
- Oscillator Range: 5 Hz to 600KHz Impadance Checks, amplifier | f¢ 200 CD T
= Accuracy: 2% input source
Square Wave Rise time: 0,02 jsec Measure programming speed hp 211 A =
= Generator Frequency: 1 Hz to 1 MHz ‘ —
- Repetitive Rate: 60-400 Hz, 2usec rise Measure transicent response See Figure 5-5 =

Load Switch and fall time, !

Resistor Value: Sece Paragraph 5-13 Load Reststor ] mee=s==- —
and Figure 5~-3, +3%, 75 watts

— Resistor Value: See Figure 5-3, 1%, Current sampling | ==m----
30/watts (6823\) 60 watts
{6824A) 20ppm, 4-Terminal,

Resistor 1 Kn 1%, 2 watt non-inductive Measure impedance | ===----
= Resistor 100 ohms, 5%, 10 watt Measure impedance | @ ===-e-- j_
Capacitor 500uf, 50 wvdc Measure impedance | ~------ E:
: NOTE
- A satisfactory substitute for a differential voltmeter {s to arrange a )
A reference voltage source and nult detector as shown in Figure 5-2.

The reference voltage source is adjusted 50 that the voltage differ-
ence between the rupply being measured and the reference voltage
will have the requiced resolution for the measurement being made.
The voltage difference will be a function of the null detector that
is used. :xamples of satisfactory null detectors are: & 419A null
detector, a DC coupled os. jcope utilizing differential input, or
a 50 mv meter movement with . 100 division scale. For the latter.
a 2mv change in voltage will result in a meter deflection of four
divisions.

CAUTION

Care must be exercised when using an clectronic null detector in
which one input terminal is grounded to avoid ground loops and cir-
culating currents.

5-2
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LOAD

NULL DETECTOR
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Figure 5-2. Differcntial Voltc . ter Substitute,
Test Sctup

5-10 PERFORMANCE TEST

5-11 The following test can be used as an incom-
ing inspection check and appropriate portions of
the test can be repeated either 10 check the oper-
ation ol the instrument after repatrs or for periodic
maintenance tests, The tests are performed using
a 115-YAC 60 Hz, single phase input power
source, They test the performance of the unit
both as a power supply and as a power amplifier.
If the sorrect result is not obtained for a particu-
lar cheeck, do not adjust any controls; proceed to
troubleshooting (Paragraph 5-24),

5-12 POWER SUPPLY TESTS

5-13 Rated Output and Meter Accuracy, To check
the output voltage, proceed as follows:

a. Connect 40 ohm load resistor (50 chms
for Model 6824A) across rear output terminals of
supply.

b. Connect differential voltmeter across O8
and CS terminals of supply observing correct po-
larity,

¢, Sect MLTER switch to VOLTS and MODE
switch to SUPPLY,

d. Adjust VOLTS/GAIN control clockwisec
{cw) until front panel meter indicates cxactly the
maximum rated positive output voltage,

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

f, Adjust VOLTS/GAIN control in ccw dircc-
tion until front panel meter reads maximum rated
ncgative output voltage,

B e B I o T T T
] '

g. Reverse position of input polarity switch
on differential voltmeter, Voltmeter should indi-
cate maximum rated negative output voltage with-
iy 2%,

5-14 Ta check the output current, proceed as
follows:

a. Coanect test setup shown in Figure 5-3,

Untt
URDER TEST
CaM ouT 2y
o] O
LOAD DEFFERENTIAL
RESISTOR VOLTMETEK
. - G
CURRENT '
SAMPLING ? QP
RESISTOR

Ry » 2. oy BA2IA
w Lo for BE2AA

Ry w 38 lor LA2IA
» 4%, lor HEIRA

Pigure 5-3. Qutput Current, Test Setup

b, Sct METER switch to AMPS,

¢. Turn on supply and adjust VOLTS/GAIN
control cw until front panel meter indicates ex-
actly maximum rated positive current,

d. Differential voltmeter should read
140, 02 Vde,

e. Reverse polarity switch on differential
voltmeter and adjust VOLTS/GAIN controt cew for
maximum rated negative current,

f. Differential voltmeter should agatn read
140, 02 Vdc.

5-15 Load Reguylation, To check the Constant
Voltage load regulation, procecd as follows:

a4, Connect test setup as shown in Fig-
ure 5-4,

b, Set METER switch to VOLTS,
c. Turn on supply and adjust VOLTS/GAIN
control ew until front panel meter indicates maxi-

mum rated positive output voltage,

¢, Read and record voltage indicated on
differential voltmeter,

e. Disconnect load resistor,

PRSPPI R G .
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Figure 5-4. Load Reguation, Test Setup

f. Readi.j on differential voltmeter should
not vary from reading recorded in step d by more
than ¢ mVde for Madel 6823A or 15 mVdc for
Model 6824A, '

g, Sct input polarity switch to appropriate
position, Rotate VOLTS/GAIN control ccw and re-
peat steps ¢ through f for maximum rated negative
output voltage.

5-16 Line Regulc\hon. To check the Constant
Voltage line regulation, proceed as follows:

a. Connect variable auto transformer be-
tween input power source and PS/A power input,

b, Connert test setup shown in Figure 5-4,

¢, Adjust variable auto transformer for 105
or 210 Vac input.

d. Turn on supply and rotate VOLTS/GAIN
control cw until front panel meter tndicates ex-
actly the maximum rated positive output voltage,

¢. Read and record voltage indicated on
differential voltmeter,

f. Adjust variable auto transformer for 1. 5
or 250 Vac input,

g. Reading on differenttal volimeter should
not vary from reading recorded in step e by more
than 9 mvde for Model 6823A units or 15 mvde for
Model 6824A units,

PR [ N

h. Rotate VOLTS/GAIN control ccwto ob-
tain maximum negative voltage and rcpeat steps
d through g,

5-17 Ripple and Noise, To check ripple and
noise, proceced as follows:

a. Retain test setup used for previous line
regulation test except connect AC voltmeter (fp
403B) across output terminals instead of differen-
tial voltmeter,

b, Adjust variable auto transformer for 125
Vac input,

c. Turn on supply and adjust VOLTS/GAIN
control cw until front panel metcr indicates ex-
actly the maximum rated positive output voltage,

d. AC voltmeter should read less than 2 mVY
rms (Model 6823A) or 10 mV rms (Model 6824A7),

e. Reverse polarity of Input to ac voltmeter
and repeat steps ¢ and d for maxtmum rated nega-~
tive output voltage,

5-18 Transient Recovery Time, To check the
transient recovery time of the supply, proceed as
follows:;

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

URT O5CILOSCONE
UKDLR TEST ¥ 1408

C()M/ our G
?— 2+]

n__
I }
! %% [§13 l
S L
N 5
[,t i LINE SWITCH
L~}__of)

1 O
REFETITIVE
LOAD SWITCH {NOTE 1)

THIS DHAWIRG SIHOWS

A SUGGESTED METHOD
OF BUILDING A LOAD
SWITCH. HOWEVER,
OTHER METHORS COVLD

!

I

l BE USED: SUCH AS A
TRANSISTOR SWITCHING

I NETWORK, MAXIMUM

I

1

LOA!L RATINGS OF LOAD
SWITCH ARE; 5 AMPS.
500V, 250W (NOT 2500W)

1. USE MERCURY RELAY:
CRARE TYPE HGP 1002 OR
J W,E TYPE 27¢B,

NOTE 2

Figure 5-5. Transient Response, Test Setup

b. Rotate VOLTS/GAIN control cw to obtain
maximum rated positive output,
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¢, Close line switch on repetitive load
switch sctup.

d, Adjust 25K potentlometer until a stable
display is obtailped on oscilloscope, Waveform
should be within the tolerances shown in Figure
5-6 (outnut should return to within 5 mv of origi-
nal value in less than 100 microseconds),
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Fiqure 5-6. Transient Response Waveforms

e. Reverse input connections to oscillo-
scope and repeat steps ¢ and d for maximum rated
negative output,

5-19 Programming Speed, To check the unit's
programming speed, a sguare wave is applied to
the unit and it s operated in the amplifier mode,
This has the same effect as rapidly programming
the unit, up and down, in the power supply mode.
To make this test, sroceed as follows:

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

UNIT UNDER O5CILLOSCOPE
TEST L BT
coMm
IN ouT N - 0
Q d/ O o}
SQUARL WAVL
CENERATOR
[T
G Ut
? o

Figure 5-7. Programming Speed, Test Setup

b. Set MODE switch to AMPLIFIER and turn
on unit,

c. Rotate YOLTS/GAIN control fully clock-
wise,

IRT Y Ll a hbom e

d, On pulse generator, sct input frequency
to about 2 KHz and adjust amplitude to obtain
maximum rated pcak-to-peak output signal on os-
cilloscope {(-20V to +20V on Model 6823A and =50V
to +50V on Model 6B824A),

¢, Adjust oscilloscopeto observe rise time
of one square wave. The wave shape should be
within the tolerances shown on Figure 5-8 (output
should change from maximum rated ncgative value
to maximum rated positive value in less than 50
psec),

PV — = — —

}‘-—-—-—'—-— IS Y0 —-—-—.4

Figure 5-8. Typical Progromming Speed Wwaveforins

f. Check the [all time of onc square wave,
It should be almost identical to therise time ox-
copt for inversion,

5-20 Output Impedance. To check the output
impedance, proceed as follows:

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

VOLTMETER VOLTMETIR
ka3 B b 403 p
INDICATES Eg INDICATES Eyy
Qo0 o0 o
POWER SUPPLY O5CILIATOR
UNDER TEST a0 ch
com / our _G
/ —i \\ £
H K 500 MFL}
AN It
¥ 19

100 OHM

Figure 5-9. Output Impedance, Test Setup

b, Turn on supply and adjust VOLTS/GAIN
control unti! front panel mater reads +10 volts
(+20 volts for Mode! 6824A),

] 3

nne
| [1IAd
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c. Set AMPLITUDE control on Oscillator to
10 volts (Eyn}, and FREQUENCY control to 100Hz,

d, Record voltage across output terminals
of the power supply (Eg) as Indicated on AC volt-
mater,

e, Calculatn the output impedance by the
following formula.

EoR

YA =
out Ein - EO

Eo = rms voliage across power supply output
terminals,

R=1000

Ein = 10 volts

f. The output smpedance (Zout) should be
less than 0. 03 ohm,

g, Using formula of step ¢ calculate output
impedance at frequencies of 500Hz and 100KHz,
Values should be less than 0, 3 ohm and 3. 0 ohms,
respactively,

5~-21 AMPLIFIER TESTS
5-22 Gain and Freguency Response. To check the

gain and frequency resp-.nse of the amplifier, pro-
ceed as follows:

a, Connect test setup shown in Figure 5-10,
UHIT URDER TEST 0OSCILLOSCOFE
LIERE 1N
IN COM OUT + - G
T AL ° %2
‘__\M,__
Ry
RY 40 OJIMS. MODEL 6B23A
+ 50 OHMS, MODEL tB24A
L8] L b
- G
ORCTLLATON
LS o

Figure 5-10. Gain and Frequency Response,

Test Setup

b, Set MODE switch to AMPLIFIER,

¢. Set oscillator frequency at 2KHz and
output at 4 Vac, peak-to-peak (Model 6823A) or
10 Vac, peak-to-peak (Madel 6824A),

d. Adjust VOL'IIJS/GAIN control on amplifier

10 obtain 40 volt peak~to~peak (Model 66823A) or
100 volt peak-to-peak (Model 6824A) reading on

oscilloscope, Rea-ding should be within £2'4

tolerance,

e. Adjust oscillator frequency to 20 KHz
while maintaining same osctllator output voltage,

f, Wnveform on oscilloscope should not he
less than 29 volts peak-to-peak {Model 6823A) or
71 volts peak-to-peak (Maodel 6824A).

5-23 AC Meater Accuracy (Model 6824A Only), The
front pane} meter on Model 6824A units is cagable

of measuring ac output voltages, To check its ac-
curacy, proceed as follows:

a. Retain test sctup of Figure 5=-10,

b, Repeat sieps b through d of Paragraph
5-22.

c. METER switch to AC VOLTS position,

d. Front panel meter should indicate rms
value of peak output voltage indicated on oscillo-
scope {Eo pk. x 0,707 = Eg rms).

5-24 TROUBLESHOOTING

5-25 Components within Hewlett-Packard instru-
ments are conservatively operated to provide
maximum reliability, In spite of this, parts with-
in a unit may fail, Usually the instrument musl
be immediately repaired with a minimum of "down
time" and & systematic appioach as outlined in
succceding paragraphs can greatly simplify and
speed up the repair.

5-26 TROUBLE ANALYSIS

5-27 General. Before attempting to trouble shoot
this instrument, ensurc that the fault is with the
instrument and not with an associated circuit,

The performance test (Paragraph 5-10) cnables
this to be determined without having to remove the
instrument from the cabinet,

5-28 Once il Is determined that the PS/A is at
fault, check for obvious troubles such as an open
fuse, a defective power cable, or an input power
failuro. Next, remove the top and bottom covers
{(each held by four retaining screws) and inspect
for open connections, charred components, etc.
If the trouble source cannot be detected by visual
inspection, follow the detailed procedure outlined
in suzceeding paragraphs, Once the defective
component has been located {by means of visual
inspection 2r trouble analysis) correct it and re-
conduct the performance test. If a component is
replaced, refer to the repair and replacement and
adjustment and calibration paragraphs in this
section,
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5-29 A good understanding of the principles of
operstion is a helpful aid in troubleshooting, and
it is recommended that the reader review Section
IV of the manual before attempting to troubleshoot
the unit in detail, Once the principles of opera-
tion are understood, logical application of this
knowledge used in conjunction with the normal
voltage readings shown on the schematic and the
additional procedures given in the following
paragraphs should sulfice to isolate a fault to a
component or small group of components. The
normal voltages shown on the schematic are posi-
tioned adjacent to the applicable test points
(identificd by encircled numbers on the schematic
and printed wiring board), Additiopal test pro-
cedures that will atd in isolating troublec are as
follows:

a, Reference circuit check (Paragraph 5-31),
This circuit provides critical operating voltages
for the iastrument and faults in the circuit could
affect the overall operation in many ways,

b. Feoedback loop checks (Paragraph 5-32).

¢. Procecdures for dealing with common
troubles (Paragraph 5-33).

5-30 Note that the above mentioned procedur .
are applicable to both power supply and ampl . jer
operation excepl in a few cases which are noted
in the procedures, Generally speaking, veory few
troubles that are encountered wiil affect the oper-
ation of thr PS/A in only ope of its operating
maodes,

5-31 Reference Circuit, To check the reference
circuit, proceed as follows:

a. Turn VOLTS/GAIN control fully clock-
wise and set MODE switch to SUPPLY,

b. Turn-on unit with no load ccnnected,
c. Proceed as instructed in Table 5-2,

5-32 Feedback Circuit, Generally, malfunction
of the feedback circuit is Indicated by high or low
output voltages, If one of these situations occur,
disconnect the load and proceced as instructed in
the applicable table (5-3 through 5-6),

5-33 Common Troubles, Table 5-7 provides a
tabular list of the symptoms, checks, and probable
causes ;[ar common troubles,

Table 5-2. Reference Circuit Troubleshooting

Meter Meter Normal
Step Common Positive Indication Action

1 C 28 -28.7 £3 Vdc If normal, proceed to step 2,
If abnormal, check VR3,
Cl3, R15, CR7 and CR3.

2 C 10 -6, 2 20, 3 Vdc If abnormal, check VRI,
R37, R64, VRS,

3 C K} | +60 £6 Vdc If abnormal, check Cl2,
CR5, CR6,

4 C 30 +28, 7 +3 Vdc If abnormal, check VR4,
R17, C20,

5 C 11 +6. 2 £0, 3 Vdc If abnormal, check VR2,
R65, R36.




TaYle 5-3. High Positive Output Voltige Troubleshooting
Step Measure Response Pronable Causc
1 Check fuse F2 a, Blown a8, Q2 or Q3 shorted, CR21 or
CR22 apen,
b. No: Blown b, Proceed to Step 2.
2 Voltage between 23 {(#) and 25 {=)| a, Less positive than +1,4V | a, CR21 or CR22 shorted, R7
: opan,
b, +1,4V to +1,6V i b, Check Q3 for open ., Choeck
Q1 for short,
Proceced to Step 3,
3 Voltage between C and 15 a. Less positive than 422V | a. Q7 shorted. Q8 open.
CG shorted,
h, +22V to +26V b, Procead to Step 4,
4 Voltage between C and 17 a. More positive than +22V | a, Q6 shorted, C7 shorted,
b, 21V to +23V b, Check Q4 or Q5 far short,
Chack C9, CR12 for short,
Table 5-4. High Negative Qutput Voltage Troubleshooting
Step Measure Response Probable Cause
1 Voltage hetween a, More positive than +1.5¥ | a, CR21 or CR22 open,
23 (+) and 25 {-) b, +1.3V 1o #1,5V b Proceed te Step 2,
2 Voltage between a, 0OV ‘ a, Q3 shorted
22 (+) and 24 (-} b, +0,5V to 0,8V b, Check Q2 for short
Check R8 for short
Pracead to Step 3,
3 Voltage between a, More positive than 26V a, Q7 open
C and 15 Q8 shorted
R27 shorted
b, +#22V to +26V b, Proceed to Step 4
4 Voltage between a, More negative than -20V a2, Q6 open
C and 17 R18 or R61 shorted
b, ~18V to =20V b, Cheeck Q4 or Q5 for open,
Table 5-5. Low Positive Qutput Voltage Troubleshooting
Step Measure Response Probable Cause

Remove Q12 from circuit

Normal positive output
voltage

Low positive output
voltage

Q12 shorted

R5 or Rl open or high
resistance.

Reconnect Q12 and check
Ql for open. If normal,
proceed to Step 2.
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Table 5-5. Low Positive Guiput Voltage Troubleshooting {Continuad)

2 Voltage between € and 16 a, More positive than +26Y a, Open strap between A3 -Ad,
Check ~6,2V refercence for
low voltage,

Check R52A for open.
b, +22V to 26V b, Pocced to Step 3,
3 Voltage between C and 17 a, Less positive than 21V, a, Check R18,R19, and Rél
for low resistance or short,
Table 5-6, Low Negative Qutput Voltag: Troubleshooting
Step Measure Responsec Probable Cause
1 Remove Q11 from circuit a2, Normal negative output a, Q11 shorted,
voltage R6 or RZ apen or
high resistance,
b, Low negative output b, Reconnect Ql1 and pro-
voltage ceed to Step 2,
2 Voltage between 23 (+) and a. Leoss positive than r1,3V a, Check CR 21 or CR22
25(-) for short,
b, 1,3V to +1.6Y b, Check Q2 for open, Pro-
ceed to Step 3,

3 Voltage between C and 15 a. Less positive than +22V. a, Open strap between A%~A4,
Check R52A for open.,
Check +6,2V referemie for
low voliage,

b, 122V to +26V b, Proceed to Stop_ﬂ.
4q Voltage between C and 17 a, Less negative than -8V, a. Check R18,RIY. and R61 i
for high resist.ance or apen,
| ——
Table 5-7, Common Troubles
Symptom Checks and Probable Causes
High ripple a. Check operating sctup for ground loops,
b, Ensure that unit is not crossing cve, to ‘urrent
limiting operation under loaded conditrons,
(This will be characterized by ripple 2 the
power supply mode and clipping of e positive
and negative peaks in the amplifier mode).
Oscillation a, Check feedback networks; C6-F%5, C7-R24,
{power supply and C5-R46,
mode)
Distortion a. Ensure that unit 1s not going into current limit
{amplitier mode) operation,
b, If high frequency component of output signals

are distorted, check feedback networks:

C6-R25, C7-R24, and C5-~R46,
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Tabla 5-7. Common Troubles {Continucd)

Poor Stability a. Check reference voltages (Table 5-2),
h, Noisy VOLTS/GAIN control (RS 2A),

c. CR27 or CR28 leaky,
d

. Stage Q7 or QB defective.

Unit programs in a, R38 or R39 open
only one direction b, No +6,2V or -6,2V reference source,
Zero Qutput a. R32 or R532A open

b, S2 vpen,

xcvssive heat oF pressure can HIC the copper strip from the board, Avold damage by using o Jow power
soldering iron (S0 watts maximum) and following these instructions, Copper that Hits olf the board should
he somuented 1o phace with o quick drying aeetate base cement having good electrical snsulating propertivs,

A break i the cupper should be repatred by soldering a short length of dnned copper wire across the break.

Use only high quality rosim core solder when repairing ctehed circult boards, NEVER USE PASTE 1FLUX,
Ater sulidvring, clean ott any exeess Gux and cout the repaired area with o high quality vlectrical varnish
or laguer,

When repiacing components with multiple mounting pins such as tube sockets, clectrolytic vapacitors, and
porentioteters, 0 will be necessary te Nt vach pin slightly, working arour < the companents several Bmes
until it is frev,

WARNING: 1 the spevitic instructions outlined in the steps below regarding cichud circuil boards without
eyelers are ot folluwed, eatensive damage to the etehed circuit bowrd will result,

Looapply heat sparingly 1o lead of component o be 2. Rebeat solder i vacant eyelet and quickly in-
replavent, I Lend ol component pisses through wert a small awl 1o clean dnside of hole, 1 hole
an eyelet inthe circuit board, apply heaton coms dues ot have an eyelet, insert awl or a4 B57
ponent side of board, 1 beint of component diws AT Trom conductor side of boand,

o pass through an eyeler, apply heat to con-

Juctor sade of board,

9. Bend clean timned leads on new part and care- 4, Hold part against board (avold overheating) and
tully insurt through vyelets or holes In bowrd, solder Jeiads,  Apply bearto component leads on
correct ide of basrd as explinad in step 1,

-~ CONDUCTOR
/_ 510E

[Lor2 [ aritretes~tandialin || Fad 4}

In the event that either the cireuit bowed has been damaged or the conventionat method Is impractical, use
methed shown below. This is especiably applicable for circuit boards without eyelets,

1. Chip lewl as shown below, 2. Bend protruding leads upwarnd,  HBeod lead of
new component around protruding lead. Apply
solder using a pair of lome soee plives 35 a
heat sink,

e cLP
4 HERE /

ARPLY

N I S0L DER ’//

This provedure o usad inthe tield only as an alternate means of repair, 1t is pov used within the factory,

Figure 5-11. Servicing Printed Wiring Boards

5-10
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Table 5-8, Selected Semiconductor Charactertstics

Reference Suggested
. h
Designator Characteristics " Stock No, Replacement
Q1,9 NPN Si Power, hig = 35 (min,) @ I = AA; 1854-0225 2N3055 R.C.A,
Vce = 4V,
Q2 PNP Ger, Power. Selected B1654, | =====-=-- B1654 Bendix
CR1-8,19 I St rectifier, 500ma. 200prv 1901-002¢ 1N3253 R.C.A.
1
CR1l,12, |
21-28 | Si stabistor, 200ma, llprv 1901-0461 Nag28 GLE,
VR3-5 I Zener Diode, 28,7V £5%, 1W, 1902-0572 IN30G31 Motorola
| | R
5-34 REPAIR AND REPLACEMENT characteristics of selocted semiconductors, If the
device 10 be replaced is not listed in Table 5-8,
5-35 Before scrvicing a printed wiring board, the standard manufacturers part number listed in
tefer to Figure 5-11, Secction VI of this manual Section VI is applicable, After replacing a semi-
contains a tabular list of the instrumnents replace- conductor, refer to Table 5-9 for checks and
able parts, Before replacing a semiconductor adjustments that may be necessary.,

device, refer to Table 5-8 which lists the special

Table 5-9. Chocks and Adinstments After Replaceme. t of Semiconductor Devices

Referonce Function Check Adjust

Ql, Q2 Regulator/Output Amplificr Load regulation (Pcwer

Supply)

Gain/frequency response

(Amplifier)

Current limit RS and R6
ammeter/Voltmeter track-

ing R35/R31

Q4. Q5, Qb Error and driver omplifiers Load regulation

i Q7, Q8 Difforential Amptifier Line and load regqulation
Programming.current R38 and R39

Q9. Q10 Auxiliary source regulators Auxiliary outputs
(+20v, -20V)

Qll, Q12 Current limiting transistors GCurrent limit RS or RbB

CR1-CRB Rectifier diodes Voltage across appro-
priate filter capacitor

© VR1-VR5 Develop stable reference voltages Positive and negative
reference voltages
Line regulation

www.valuetronics.com



Table 5=10,

Calibration Adjustment Summary

Adjustment or Calibration

Mater Zero
Voltmeter Tracking
Ammeter Tracking
Progyramming Current

Current Limit

Paragraph Control Levice
5-38 Pointer
5-40 R31
5~42 R35
5~44 R38 and R39
5-46 R5 and RO

5-36 ADJUSTMENT AND CALIBRATION

5-37 Adjustment and calibratton may Le required
after performance testing, troubleshooting or re-
pair and replacament., Perform only those adjust-
ments that a.‘ect the operation of the faulty cir-
cuit and no others, Table 5-10 summarizes the
adjustments and calibrations contained in the
following paragraphs.

5-38 METER ZERO
5-39 Proceed as {ollows to zero meter;

a. Turn off tnstrument {after it has reached
normal operating temperature) and allow 30 sec-
onds for all capacitors to diccharge,

b. Insert sharp pointed object {pen point or
awl) into the small indentation near top of round
black plastic disc lecated directly below meter
face,

c. Rotate plastic disc clockwise {cw) until
meter reads zero, then rotate cow slightly in order
to free adjustment screw from meter suspension,

If pointer moves, repeat steps b and c.

5-40 VOLTMETER TRACKING

5-41 To calibrate voltmeter trackina, proceed as
follows:

a. Connect differential voltmeter across
output. Connect positive lead to common terminal
on rear of PS/A,

b, S$Set METER switch to VOLTS and MODE
switch to supply., Ad,ust VOLTS/GAIN control cow
unttl differential voltmeter reads exactly the max-
imum rated negative output voltage,

c, Adjust R31 until front panel meter 4lso

www.valuetronics.com

indicates maximum rated output voltige.
5-42 AMMETER TRACKING

5-43 To callbrate ammeter trrcking procecd as
follows:

a. Connect test < etup shown on tgure 5=-3.

b. Set METER switch to AMPS,

c.
control cw until differentisl
1, 0 Vde.

Turn on supply and adjust VOLTS/GAIN
oltmeter reads

d. Aujust R3S until front panel ne.r indi=-
cates exas 'y the maximum rated positive output
current,

5-44 PROGRAMMING CURRENT

5-45 ‘fo calibrate the programming current, pro=
~ce.i as follows:

a. Conncct differential voltmeter across
output terminals,

b, Sect MODE switch to SUPPLY and turn on
unit,

c. Set VOLTS/GAIN control fully cw and
FINE/ZERQ control to mid-paosition,

d, Adjust R38 so that differential voltmeter
reads +20. 2 Vde (Model 6823A) or +52 Vde {Maodel
6R240).

e, Set polarity switch for minus input and
rotate VOLTS/GAIN control fully cow,

f. Adjust R39 so that differential voltmeter
rcads =20, 2 Vdo (Model 6823A) or =52 Vde {(Model
68240,

S L
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5-46 CURRENT LIMIT ADJUSTMENT

5=-47 To adjust the current limit so that the unit
can be used to furnish maximum rated output cur-
rent, proceed as follows:

a. Connect test setup shown in Figure -1
except connect variable trar sformer between inpud
source and PS/A,

b, Short out load resistor (Ry),

c. Sect MODE switch to SUPPLY. Adjust
variable *r .nsformer for 105 Vac input (low line).

5-13

d. Turn on supply and rotate VOLTS/GAIN
controls fully clockw:se,

e, Adjust RS until differential voltmeter in-
dicates +1,5 Vdc for Model GB23A or #1, 2 Vdc for
Mode!l 6824A, Set position of input polarity
switch for minus lnput and rotate YOLTS/GAIN
control fully ccw,

f. Adjust Ré until differential voltmeter in-
dicates -1, 5 Vde for Modal 6823A units or -1, 2
Vde for 11odel 6824A units.

IR T i
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SECTION VI

REPLACEABLE PARTS -

Reference Designators {(Continued)

RT
5
T
v

XF

XDSs

= thermistor

= switch
transformer

= yvacuum tube,
neon hulb,
photocell, ete.
socket
fuscholder
lampholder
network

o

o

Description Abbreviations

6-1 INTRODUCTION Table 6-1.
-2 This section contains information for ordering L = misc. electronic
replacement parts. part
F = fuse
6-3 Table 6-4 lists parts in alpha-numertcal order ] = jack
of the reference designators and provides the fol- K = relay
lowing information: L. = inductor
a. Reference Deslgnators. For abbreviations, M = meter
refer to Table 6-1. P = plug
b. Description. Refer to Table 6-2 for abbre- Q = transistor
viations. R = resistor
c. Total Quantity {TQ) used in the instru-
ment; given only first time the part number is
listed. Table 6-2.
d. Manufacturer's part number.
¢. Manufacturer's code number. Refer to a = amperes
Table 6-3 for manufacturer’s name and address. c = carbon
f. & Part Number, cer = ceramic
g. Recommended spare parts gquantity (RS) coef = coefficient
for compiete maintenance of one instrument during com = common
one year of isolated service. comp = composition
h. Parts not identified by a reference desig- conn = connection
nator are listed at the end of Table 6-4 under Mis- crt = cathode-ray
cellancous, tube
dep = deposited
6-4 ORDERING INFORMATION elect = electrolytic
encap = encapsulated
6-5 To orde- a replacement part, address order or f = farads
inquiry to your local Hewlett-Packard sales office fxd = fixed
{see lists at rear of this manual for addresses). GE = germanium
grd = ground{ed)
6-6 Specify the following information for each h = henries
part: Hqg = mercury
a. Model and comnlete serial number of impg = impregnated
instrument. ins = insulation(ed)
b. Hewlett-Packard part number. K = kilo = 1000
c. Circuit reference designator, lin = linear taper
d. Descriation. log = logarithmic
taper
6-7 To order a part not listed in Table 6-4, give mA = mitll = 1073
a complete description of the part and include its M = megohms
function and location. ma = milltamperes
" = micro = 10-0
mfr = manufacturer
Table 6~1. Reference Deslgnators mtg = mounting
my = mylar
A = assembly CR = diode NC = normally
B = motor DS = device, closed
C = capacitor signalirig {lamp) Ne = neon
' NC = normally open

obd

pc
pf

pp
ppm
pos
poly
pot
prv

rect
rot
rms
5~b
sect
Si
sil
sl

td
TiOz
tog
tol
trim
twt

var

w/

w/o
cmo

]

1l

ool H w

[ FON 1 O T I | T [ S | B}

[LIN T S ]

uou

Howononon

order by descrip-
tion

peak

printed clircuit
board

picofarads =
10-12 farads
peak~to-peak
parts per million
position(s}
polystyrene f
potentiometer
peak reverse
voltage

rectifier

raotary

root-meap -square
slow-blow
section(s)
silicon

silver

slide

time delay
titanium dioxide
toggle

tolerance

trimmer

traveling wave
tube

variable

with

watts

without

cabinet mount
only

6-1
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Table 6-3,

Code List of Manufacturers

CODE CODE
NO, MANUFACTURER ADDRESS NO. MANUFACTURER ADDRESS
00629 EBY Sales Co. New York, N.Y, 07263 | Fairchild Semiconductor Div, of
00656 { Aerovox Corp. New Bedford, .Jass, Fairchild Camera and Instrument Carp,
00853 | Sangamo Electric Company, Mountain View, Calif,
Ordill Division (Capacitors) Marion, Ill, 07387 | Biricher Corp., The  Los Angeles, Calif,
01121 | Allen Bradley Co, Milwaukee, Wis, 07397 | Sylvania Electric Products Inc,
01255 Litton Industries, Inc, Mountain View Operations of
Beveriy Hills, Callf, Sylvania Electronic Systems
01281 TRW Semiconductors, Inc. Mountain View, Calif,
Lawndale, Callf. 07716 | I, R, C, Inc, Burltngton, lowa
01295 Texas [nsiruments, Inc, Semiconductor- 07910 | Contirental Device Corp.
Camponents Division Dallas, Texas Hawtharne, Calif,
01686 RCL Electronics, Inc, Manchester, N, H, 07933 | Raytheon Mfg, Co,, Semiconductor Div,
01930 | Amerock Corp, Rockford, IlI, Mountain View, Calif.
02114 Ferroxcube Corp, of America 08484 | Breeze Corporations, Inc, Union, N.J.
Saugerties, N,Y, 08530 | Reliance Mica Corp, Brooklyn, N.Y.
02606 | Fenwal Laboratories  Morton Grove, I, 98717 | Sloan Company Sun Valley, Calif,
02660 | Amphenol-Borg Electranics Corp. 08730 | vemaline Products Co,
Broadview, Ill, Franklin Lakes, N.].
02735 Radin Corp, of America, Commercial 08863 Nylomatic Corp. Morrisville, Pa,
Re-eiving Tube and Semiconductor Div, 09021 | Airco Speer Electronic Components
Somerville, N,J, Bradford, Pa,
03508 { G, E, Semiconductor Produc.s Dept, 09182 | Hewlz2tt-Packard Co,, New Jersey Div.,
Sivracuse, N.Y. Berkeley Helghts, N,J,
03797 Eldema Corp. Compton, Calif, 09353 | C & K Components Newton, Mass,
03877 Trausitron Electronic Corp, 09922 Burndy Corp, Norwalk, Conn,
Wakefield, Mass, 11236 | CTS of Berne, Inc, Berne, Ind.
03888 Pyrofilm Resistor Co. Cedar Knolls, N.J. 11237 | Chicago Telephone of California, Inc,
04009 | Arrow, Hart and Hegeman Electric Co, 50, Pasadena, Calif,
Hartford, Conn. 11502 | IRC Inc. Boone, = 7,
04072 | ADRC Electronics, Inc, Harbor City, Calif, 11711 | General Instrument Corp,, Semiconductor
04213 | Caddell-Burns Mfg, Co, Inc, Prod, Group, Rectifier Div, Newark, N.J.
Mineola, N.Y. 12136 | Philadelphia Handle Co,, Inc.
04404 Dymec Division of Camden, N,J,
Hewlett~Packard Co, Palo Alto, Calif, 12615 | U,S, Terminals, Inc, Cincinnati, Ohio
04713 Motorola, Inc,, Semiconductor 12617 | Hamlin Inc, Lake Mills, Wisconsin
' Products Division Phoenix, Arizona 12697 | Clarostat Mig, Co, Dover, N.H,
05277 | Westinghouse Electric Corp, 14493 | Hewlett-Packard Co.,
Semi-Conductor Dept, Youngwood, Pa, Loveland Division Loveland, Colo,
05347 | Ultronix, Inc, Grand Junction, Colo, 14655 | Cornell-Dubilier Elec, Corp,
05820 § Wakeiield Engr. Inc, Wakefield, Mass, Newark, N.J.
06004 | The Bassick Co, Bridgeport, Conn, 14936 | General Instrument Corp,, Semiconductor
06486 IRC, Inc, Semlconductor Div. Lynn, Mass, Prod, Group, Semiconductor Div,
06540 | Amathom Electronic Hardware Co,, Inc, Hicksville, N.Y,
New Rochelle, N,Y, 15909 Daven Div. of Thos, Edison Industries,
06555 Beede Electrical Instrument Co,, Inc, Mc Graw Edison Co, Livingston, N.J.
Penacook, N,H. 16299 | Corning Glass Works,
06666 General Devices Co,, Inc, Electronic Components . iv,
Indianapolis, Ind. Raleigh, N.C.
06751 Nuclear Corp, of America, Inc, 14758 | Delco Radio Div, of General Motors
i U. S, Semcor Div, Phoenix, Arizona Corp. Kokomo, Ind,
| 06812 | Torrington Mig. Co., West Div, 17..5 | Atlantic Semiconductors, Inc,
Van Nuys, Calif, Asbury Park, N,J.
07137 | Transistor Electronics Corp, 17803 | Fairchild Mountainview, Calif,
Minneapolis, Minn. 19315 | The Bendix Corp,, Eclipse Pioneer Div,
07138 | Westinghouse Electric Corp. Teterboro, N.J,
Electronic Tube Div, Elmira, N.Y. 19701 | Electra Mfg, Co. Independence, Kan,
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Table 6-3, Code List of Manufacturers (Continued])
CODE CODE
NO. MANUFACTURER ADDRESS NO. MAaNUFACTURER ADDRESS
21520 Fansteel Metallurgical Corp, 72589 | Gerneral (nstrument Corp,,
No. Chicago, I\, Capacitor Div, Newark, N.J.
22229 Union Carbide Corp,, Linde Div,, 72765 | Drake Mfqg, Co, Chicago, T,
Kemet Dept, Mountain View, Calif, 72962 | Elastic Stop Nut Corp, of Amarica
22767 ITT Semiconductors, A Division of Union, N.J.
International Telephone & Telegraph 72932 | Erie Technological Products, Inc, Erie, Pu,
Corg. Palo Alto, Calif, 73138 | Helipot Div, of l'eckman Instruments, Inc,
24446 | General Electric Co.  Schenectady, N,Y, Fullerton, Calif,
24455 General Electric Co., Lamp Division 73l68 Fenwal, Inc. Ashland, Mass,
Nela Park, Cleveland, Ohio 73293 | Hughes Components Divisien of Hughes
24655 General Radio Co. West Concord, Mass, Afreraft Co, Nowport Beach, Callf,
26982 Dynacool Mfg, Co, Inc Saugerties, N,Y. 73445 | Amperex Efzctronte Cu,, Uiv, of North
27014 National Semiconductor Corp, American Phillips Co,, Iac,
Santa Clara, Calif, Hicksville, N, .
28480 Hewlett~Packard Co. Palo Alto, Calif, 73506 | Bradley Semiconductor Corp,
28520 Heyman Mfg, Co, Eenilworth, N.J. New Haven, Tonn.
33173 | G.E,, Tube Dept, Qwensboro, Ky, 73559 | Carling Electric, Inc, Hartford, Cenn,
35434 | Lectrohm, Inc. Chicago, IlL, 73734 | Federal Screw Porducts, Inc, Chicago, I11,
37942 P, R. Mallory & Co,. Inc, Indianapolis, Ind, 73978 | Hardwick Hindle Co,., Memcor
42190 Muter Co, Chicago, Il1, Components Div, Huntington, Ind.
43334 New Departure-Hyatt Bearings Div,, 74193 | Heinemann Electric Co. Trenton, N.J.
General Motors Corp, Sandusky, Ohio 74545 Harvey Hubbkel, Inc, Bridgeport, Conn,
44655 Ohmtte Manufacturing Co. Skokie, Ill, 74868 FXR Div, of Amphenol-Borg
46384 Penn Engr, Doylestown, Pa, Electrontcs Coarp, Danbury, Conn.
47904 Polaroid Corp. Cambridge, Mass, 74970 E.F, Johnson Co. Waseca, Minn,
49956 Raytheon Mfy, Co,, Micrcwave and 75042 | International Resistance Co,
Power Tube Div, Waltham, Mass, Philadelphia, Pa,
55026 Stmpson Electric Co, Chicago, Il 75183 | Howard B, Jones Div,, of Cinch Mfqg,
56289 Sprague Electric Co, North Adams, Mass, Corp. (Use 71785) New York, N.Y,
58474 | Superior Electric Co, Bristol, Conn, 75382 | Kulka Electric Corp. Mt, Vernon, N,Y,
61637 Union Carbide Corp, New York, N.Y. 75915 Littlefuse, Inc, Des Plaines, 1Ll
63743 Ward-Leonard Electric Co, 76381 Minnesota, Mining & Mfg, Co,
Mt, Vernon, N.Y. St, Paul, Minn,
70563 | Amperite Co,, Inc, Union City, N.J. 76493 | J. W, Miller Co, Los Angeles, Caltf,
70901 Beemer Engrg. Co, Fort Washiprgton, Pa, 76530 | Cinch City of Industry, Calif,
70903 Belden Mfg, Co, Ckicago, Il 76854 | Oak Manufacturing Co. Crystal Lake, TIL,
71218 | Bud Radio, Inc, Willoughby, Ohlo 77068 | Bendix Corp., Bendix~Pacific Div,
71279 Cambridge Thermionic Corp, No. Hollywood, Callf,
Cambridge, Mass, 77147 Patton Mac Guyer Co, Providence, R.I.
71400 Bussmann Mfg, Div, of 77221 Phaostron Instrument and Electronic Co,
Mec Graw-~Edison Co. St. Louis, Mo, South Pasadena, Calif,
71450 CTS Corporation Elkhart, Ind. 77252 Philadelphia Steel and Wire Corp,
71468 1, T. T, Cannon Electric Inc, Philadelphia, Pa,
Los Angeles, Calif, 77342 | American Machine and Foundry,
71590 Centralab Div, of Globe Union, Inc. Potter and Brumfield Div. Princeton, Ind.
Milwaukee, Wis, 77630 | TRW Electronics, Components Div,
71700 Tre Cornish Wire Co, New York, N.Y, Camden, N.J.
71707 Coto-Coil Providence, R.1, 77764 | Reslstance Products Co, Harrisburg, Pa.
71744 Chicago Minfature Lamp Works 78189 | Shakeproof Div. of Illinois Teol Works
Chicago, Il1, Elgin, I,
71785 Cinch Mfqg, Co, Chicago, [1l, 78452 | Everlock Chicago, Inc, Chicago, IlI,
71984 Dow Corning Corp, Midland, Mich, 78488 | Stackpole Carbon Co, St, Marys, Pa.
72136 Llectro-Motive Mfg, Co, Inc., The 78526 | Stanwyck Winding Co.. Inc,
Willimantic, Conn. Newburgh, N.Y,
72619 Dialight Corp, Brooklyn, N.Y. 78553 | Tinerman Products, Inc, Cleveland, Ohio
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Table 6-3, Code List of Manulacturers (Continued)

Wast Nyack, N,Y,
83594 Burroughs Corp,, Electronic

CODE CODE ’
NO. MANUFACTURER ADDRESS NO, MANUFACTURER ADDRESS
78584 Stewart Stamping Corp. Yonkers, N.Y, 87585 Stockwell Rubber Co,, Inc,
79136 Waldes Kohinoor, Inc, L. I.C., N.Y. Philadelphia, Pa,
79307 Whitehecad Metal Products Co,, Inc. 87929 | B, M, Tower Co,, Inc, Bridgeport, Conn,
New York, N.Y, B8140 | Cutler-Hammer, Inc, Lincoln, 1L,
79727 Continental-Wirt Electronics Corp. 89473 | General Electric Distributing Corp,
Philadelphia, Pa, Schenectady, N.Y.
80031 Mepco Div, of Sessions Clock Co, 91345 Miller Dial and Nameplate Co,
Morrtstown, N.J, El Monte, Calll,
80294 Bourns, Inc, Riverside, Calif, 91637 | Dale Electronics, Inc, Columbus, Neb,
81042 Howard Industries, Inc, Racine, Wis, 91662 | Elco Corp. Willow Grove, Pa,
81483 International Rectifier Corp, 91929 | Honeywell, Inc., Micro Switch Biv,
El Segundo, Calif, Freeport, I,
81751 Columbus Electronics Corp, Yonkers, N.Y. 93332 | Sylvania Electric Prod., Inc,, Semicon-
82099 | Goodyear Sundries & Mechanical Co., Inc, ductor Prod, Div, Woburn, Mass.
New York, N.Y, 93410 | Stevens Mfg. Co., Inc. Mansfield, Ohio
82142 | Airco Speer Flectronic Components 94144 | Raytheon Co., Components Div,, Indus-
Du Bois, Pa, trial Compenents Operation
82219 Syluan:. Tiectric Products, Inc,. Quincy, Mass,
Llectroni * Tube Division Empori:m, va, 94154 | Tung=5o0l Clectric, Inc, Newark, N.J.
B238Y | Switchcra®t, Inc, Chicage, I11, 94222 { South Chester Corp, Chester, Pa,
82647 Metals and Controls, Inc,, 94310 | Tru-Chm Preoducts, Memcor
Spencer Products Attleboro, Mass, Components Div, Huntington, Ind,
820646 Research Products Corp, Madison, Wis, 95263 | Leecraft Mfg, Co., Inc.
B2677 Rotron Mfg, Co., Inc, Woodstock, N.Y, Long Island City, N,Y.
82893 Vector Electronic Co, Glendale, Calif, 95354 Methode Mfg, Co, Chtcago, IIl,
B3058 Carr Fastener Co, Cambridge, Mass, 95712 Bendix Corp, Microwave Div,
83186 | Victory Engineering Carp, Franklin, Ind,
Springfield, N.J. 86791 Amphenol Controls Ditv, of Amphenol-
83298 Bendix Corp,, Red Bank Div, Borg Electrontcs Corp, Janesville, Wis,
Eatontown, N.J. 9746+ Industrial Retaining Ring Co,
B3330 Herman H, Smith, Inc, Brooklyn, N.Y, Irvington, N.].
83385 Central Szrew Co, Chicago, II', 98291 | Sealectro Corp, Mamaroneck, N.Y.
83501 Gavitt Wire and Cable Co., Div, of 98978 International Electronic Researca Corp,
Amerace Carp, Brook{ield, Mass, Burbank, Calif,
83508 Grant Pulley and Hardware Co, 949934 Renbrandt, Inc, Boston, Mass,

Components Div, Plainfield, N,J,
83835 U. 5. Radium Corp, Morristown, N.J.
83877 Yardeny laboratories, Inc. New York, N.Y.
84171 Arco Electronics, Inc, Great Neck, N.Y.
84411 TRW Capacitor Div, Ogallala, Neb,
86684 Radio Corp. of America, Electronin
Components & Devices Div,

Harrison, N.,J,

THE FOLLOWING ri-P VENDORS HAVE NO NUM-
BERS ASSIGNED IN THE LATEST SUPPLEMENT TO
THE FEDERAL SUPPLY CODE FOR MANUFACTURERS

j 86838 Rumme!l Fibre Co. Newark, N.J,
87034 Marco Industries Co, Anaheim, Calif.
87216 | Philco Corp, (Lansdale Div,)

Lansdale, Pa,

HANDBQOK.
0000 Cooltron Qakland, Calif,
00004 | Plastic Ware Co, Brooklyn, N.Y.
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R .ference Mir, Part 4 Mir. #
Designator  Description or Type Mfr, Code Stock No,
Cl.2 fxd, elect 20uf 50vde 2 300206G050DC4  Sprague 56289 0180-0049 1
C3 fxd, film . 1pf 200vdc 1 192P10492 Sprague 56289 0160-0168 1
C4 fxd, film , 0047uf 200vdc 1 192P47292 Sprague 56289 0160G-0157 1
C5 fxd. mica 220upf 500vdc 1 RCM15E2217 Arco B4171 Q140-0068 1
C6,7 fxd, mica 100upf 500vde 2 RCMISE101] Arco B4171 0140-0041 1
CB NOT ASSIGNED - - - - - -
C9 fxd, mica 150upf 500vdc 1 RCMI15E151] Arco 84171 0140-0067 1
Cl0,11 fxd, elect 1450pf 45vde 2 D39532 HLAB 09182 0180-1893 1
Ccl2.13 fxd, elect 200pf 85vdc 2 D31642 HLAB 09182 0180-1854 1
Cl4-17 txd, ceramic , 05uf 500vdc 4 33C17A Sprague 56289 0150~-0052 1
cls fxd. film . 0022uf 200vdc 1 192pP22292 Sprague 56289 0160-~-0154 1
Cl19, 20 fxd, clect 4, 7uf I5vdc 2 150D475X9035B2 Sprague 56289 0180-0100 1
CR1-8,19 Rect, si, 500ma 200prv 1N3253 R.C.A, 02735 1901-0389 6
CR9, 10,
13-17.20 NOT ASSIGNED - - - -
CR11,12, .
21-28 Rect, si. 200ma 10prv HLAB 09182 1901-046.

CR18 Rect, si. 150ma 100prv IN91 G.E. 03508 1911-0001
Ds1 Indicator. light neon 599-124 Drake 72765 1450-0048
Fl Fuse cartridge (AC)

2A @ 250V 3AG 312002 Littlefuse 75913 2110-0002 5
F2 Fuse cartridge {DC) .

1A @ 250V 3AG 312001 Littlefuse 75913 2110-0001 5
Q1,9 Power NPN si, 2 HLAB 09182 1854-0225 2
Q2 Power PNP ger. (SELECTED} 1 B1654 HLAB 09182 1
Q3.4 S5S NPN si, 2 40422 R.C.A. 02735 1854-0068 2
Q5,11 SS PNP sf, 2 2N2907A Sprague 56289 1853-0099 2
Q6 S8 PNP st, 1 40362 R.C. A. 02735 1853-0041 1
Q7.8 S5 NPN st 2 2N3417 G.E. 03508 1854~0087 2
Q10 Power PNP si, 1 2N2147 R.C.A 02375 1850-0160 1
Ql2 SS NPN si. 1 4]7X16A1014 G.E. 03508 1854-0071 1
R1.2 fxd, ww 3, 3 £5% 2 Type BWH [LR.C. 07716 0811-1672 1
R3. 4 fxd., ww ,51n £5% 2 Type BWH I.R.C. 07716 0811-0929 1
R5. 6 var, ww , 5n 2 Type 110-F4 C.T.S. 11236 2100~-1821 1
R7 fxd, comp 5, 6Ka £5% Lw 1 EB-5625 A. B, 01121 0686-5625 1
R8 fxd, comp 39, 5% lw 1 EB-3905 A, B. 01121 0686~-3905 1
RS fxd, comp 27n 5% iw 1 EB-2705 A. B, 01121 0686-2705 |
R10 fxd, comp 220 5% dw 1 EB-2215 A B, 01121 0686=2215 1
R11 fxd., ww 6, Bs £5% 1 Type BWH I.LR.C. 07716 0811-1676 1
R12 fxd, ww 5. 1a £5% 1 Type BWH ILR.C. 07716 0811-1761 1
R13, 14 fxd, ww 510~ £5% 2 Type BWH I.R.C, 07716 0811-1766 1
R15 fxd, ww 750 25% 5W | Type 243E Sprague 56289 0811-1861 1
R16, 20,58 NOT ASSIGNED - - - - - -
R17 fxd. ww 680, 5% SW 1 Type 243E Sprague 56289 0811-2099 1
R18 fxd, comp 9, 1Ka £5% 1W 1 GB-9125 A B, 01121 0689-9125 1
R19 fxd, comp 2. 2Kn 5% iw 1 EB-2225 A.B, 01121 0686-~2225 1
R21 fxd, comp 20K, 5% 3w 1 EB-2035 A B, 01121 0686-2035 1
R22 fxd, comp 47K £5% dw 1 EB-4735 A B, 01121 0686-4735 1
R23 fxd, comp 8. 2K £5% 1w 1 EB-8225 A. B. 01121 0686-8225 1
R24 fxd, comp 120, 5% Iw 1 EB~1215 A.B. 01121 0686-~1215 1
R25.55,56  fxd, comp 4, 7Ka #5% 3w 3 EB-4725 A B, 0kl21 0686-4725 1
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Reference Mfr, Part # M r, &
Designator  Description Quantity cor Type Mir, Code Stock No, RS
R26 fxd, comp 10K, £5% iw 1 EB-1035 A B. o121 0686-1035 1
R27 fxd, comp 3Ka £5% dw 1 EB-~3025 A B, 01121 0586-3025 1
R28 fxd, comp 13K £5% dw 1 EB-1335 A B, 01121 0686-1335 1
R29 fxd, comp 6, 2Ka £5% dw 1 EB-6225 A.B. 01121 0686-6225 1
R30 fxd, ww la £5% 1 Type BWH LRC, 07716 0811-1666 1
R31 var, comp 10Kn 1 Series 70 C.T.S. 11236 2100-0092 i
R32, 41, 42 fxd, met, film 2,74Kq £1% 4w 3 Type CEB T-O LLR.C. 07716 0757-0742 1
R33 fxd, comp 43K~ £5% }w 1 EB~-4335 A. B. 01121 0686-4335 1
R34, 37 fxd, comp 910, +5% dw 2 EB-3115 A B, 01121 0686-9115 1
R35 var, ww 2504 1 Type 110-F4 C.T.S. 11236 2100-0439 1
R36 fxd, comp 1Ka 5% 1w 1 EB-1025 A B, 01121 0686-1025 1
R38, 39 var, ww 1Kn 2 Type 110-F4 C.T.S. 11236 2100-0391 1
R40 fxd, compl MEGn 25% iw 1 EB~-1055 A B, 01121 0686-1055 1
R43 fxd, met, film27,.4X £1% /Bw 1 Type CEA T-0 LR.C. 07716 0757-0452 1
R44 fxd, ww 10K, 35% 3W 1 242E1035 Sprague 56289 0811-1816 1
R45, 48 fxd, met, film 1,5K~ 1% V8w 2 Type CEA T-O I.R.C. 07716 0757-0427 1
R46 fxd, comp 3, 9K £5% iw 1 EB-3925 A.B. 01121 0686-3925 |
R47 fxd, met, film 3K~ 21% I/Bw 1 Type CEA T-O LLR.C. 07716 0757-1093 1
R49,50 fxd, comp 2Ka 5% 1W 2 GB-2025 A.B. 01121 0689-2025 1
R51 fxd, comp 33K £5% dw 1 EB-333% A B, 01121 0686-3335 1
R52 var, ww DUAL 5K - 25K 1 HLAB 09182 2100-1805 1
R53 fxd, comp 1,8Kn £5% 3w 1 EB-1B25 A.B, 01121 0686-1825 1
RS54 fxd, comp 750a £5% %w 1 EB=-7515 A. B, 01121 0686-7515 1
R57 fxd, comp 5.1Ka £5% lw 1 EB-5125 A B, 01121 0686-5125 i
R59, 60 fxd. comp 2K~ 5% iw 2 EB-2025 A B, 01121 0686-2025 1
R51 fxd, comp 390, £5% iw 1 EB~3915 A B, 01121 0686-3915 1
R62,63 fxd, comp 100, 5% dw 2 EB-1015 A B, 01121 0686-~1015 1
R64 fxd, comp 620 25% 1w 1 EB-6215 A B. 01121 0686-6215 1
R65 fxd, comp 680n 5% J,-w 1 EB-6815 A B, 01121 0686-6815 1
51 Switch, Wafer ON/OFF 1 HLAB 09182 3100-1907 1
s2 Switch, Wafer -~ meter 1 HLAB 09182 3100-1908 |
Tl Power transformer 1 HLAB 09182 9100-1894 1
VR1, 2 Diode Zener 6.2V £5% 2 1Ng21 N.A. Elect, 06446 1902-0761 Z
VR3-5 Diode Zener 28,7V 5% 1W 3 HLAB 091b2 1902-0572 3
Stde chassis - right 1 HLAB 09182 5000-6057
Slde chassis - left 1 HLAB 09182 5000-6058
Bracket - heat sink 2 HLAB 09182 5000-6060
Biank panel ~ front ] HLAB 09182 5000-6062
Panel front 1 HLAB 09182 06823-00001
Cover 2 HLAB 09182 5000-6061
Guard-angle 1 HLAB 09182 5020-5540
§ Way binding post (maroon) 2 DF21Mn, HLAB 09142 1510-004¢ 1
5 Way binding post (black) 3 DGF21BC Superior  5B474 1510-0039 1
Fastener 1 C17373-012-24B Tinnerman 8932 0510~-0123 1
Cable clamp 1 T4-4 Whitehead 79307 1400~0330 1
Line cord plug PH151 71ft, 1 HK-4096 Beldon 70903 8120-0050 1
Strain relief bnshing 1l SR-5P-1 Heyco 28520 0400-0013 1
Knob } insert pointer 2 HLAB 09182 0370-0084 1
Knob 17/64 insert pointer 1 HLAB 09182 0370-0101 1
Knob 315 insert pointer 1 HLAB 09182 0370-0179 1
Jumper 4 422-13-11 013 Cinch 71785 0360-1143 1
Barrier strip 1 HLAB 09182 0367-1234 1
6-6
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laference Mfr. Part # Mir, hp
)esignator _Description Quantity or Type Mir, Code Stock No, RS
Rubber bumper 4 MB50 Stockwell 87575 0403-0088 1
Rubber bumper 3 4072 Stockwell 87575 0403-0086 1
Fuse holder 1 342014 Littlefuse 75915 1400-0084 1
Lockwasher 1 1224-08 Shakeprool 78189 2190-0037 1
Nut i 903-12 Littlefuse 75915 2950-0038 1
Washer-ncoprene 1 901~2 Littlefuse 75915 1400-0090 1
Meter 21" DUAL$0-24V
+0-, AA 1 HLAB 09182 1120-1123 1
Spring 4 HLAB 09182 1460~0720 1
Bezel V6 MOD 1 HLAB 09182 504" 601 1
Fastener 8 C8091-632-248 Tinnerman 89032 0510-u.s" ) 2
Mica insulator 4 734 Reliance 08530 0340-0174 1
Insulator. transistor pin B HLAB 09182 0340-0166 i
Insulator 8 HIAB 09182 0340-01 14 1
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MANUAL CHANGES

Model 6823A DC Power Supply
Manual Serial Number Preflix 6B

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

SERIAL | MAKE CHANGE 2:
Prefix Number ~HANGES ‘Tne serial number prefix has been changed to
“1150A."

6B 0501 - 0790 1

6B 0791 - 1170 1,2 The standard colors for this instrument are now
ALL _ Errata mint gray (for front and rear panels and olive gray
1150A 1171 - 1245 1,2,3 {for all top, bottom, side, and oth.r external sur-
11507 1246 - up 1 thru 4 faces). Option X95 designates ure of the former

i color scheme of light gray and blue gray. Option
ABS designates use of a light gray front panel with
olive gray used for all other external surfaces,
New part numbers are shown below,

» ERRATA:
In the ! tode Selection Circult block of the schematic
CHANGE 1: reverse the designations of test points 37 and 38,
In the replacgable parts table make the following . » GHANGE 4:

changes:
Q?2: Change to Power PNP Ger., B213002, (9182,
HP Part No, 1850-0407,
R34: Change to fxd, comp 1K 5% ¥W, EB-1025,
A.B,, HP Part No, 0686-1025,

In the Replaceable Parts List on page 6-5, change
the HP Stock No. of transistor Q10 from 1850-
0160 to 1850-0168.

CHANGE ¢2:
In the replaceable parts table, change transistors 3-12-73
Q3 and Q4 to RCA 2N4240, HP Part No. 1854-0311,
ERRATA:

In the replaceable parts table, change the HP Part
No. of the fuse clip to 2110~0257,

Change Q5 and Q11 to SS PNP Si,, 2N2907A,
Sprague, HP Part No, 1853~00%9,

~ HP PART NO.
DESCRIPTION STANDARD OPTION AB5 OPTION X95
Front Panel 06823-00002 | 06823-00001 | SEE MANUAL ,
PARTS LIST—+—
Chassis, Right Side 5000-9422 — /
Chassis, Laft Side 5000-9423 — J
Cover (2) . 5000-9424 — )
Rack Kit, 1 unit (acey) 14515A 14515A-A8S
Rack Kit, 2 units * 145257 14525A-ABS
i 1
|
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